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.ol PREFACE .

J

, This test project wasfconducted by the staff ,of- the Nevada Operations
Office (NV), Las Vegas, Nevada, for the Department of Energy (DOE), formerly

. the Energy Research and Development Administration (ERDA) It.is one segment o

o

of an. overall DOE effort to examine hardware and techniques for the conserva-‘ﬂﬂ“ :

“

“.tion of, automotive petroleum fuels in existing highway vehicle fleets. The
_ tebt was specifically directed to automobiles and light trucks. TherDOE_ .

sponsor is the Division of Transportation Energy Conservation- Work commenced
N . .0 - . . ) = ) ’ . P

.on the test project in April 1976.

‘ Although operational responsibility for the test project. lies with NV

s .

the technLcal support, cooperation, and. understanding provided by the f llowing

individuals must be»acknowledged: Mr. R. Husted and Dr. J. Eberhard (U. S.-

_ 7
Department of Transportation) Dr. M. S. Huntley, Jr., Dr. C. Abernethy (U. S.

Department of Transportation, Transportation Systems Center); Messrs. J. C.

Hamel B- . Sloat and J.‘B-.Norton (Reynolds Electric and Engineering-Co;,

PR
N b

Ipc-);»Ms. M. Blaylock and Ms. L. Barr (EG&G). )
' Special -recognition should be accorded to Mr. .D.-Malcheskl (NV Project
Manager) for the effort, enthusiasm, andrdiligence exhibited in carrying out
'the operational responsibility of the project; Additionally, recognition is
accorded ta Mr. W« Shadis (Mueller Associates, Inc*,) and Ms. S. J. Soucek who
co§ inated and prepared the final report-
- N o . Starr, Chief
¢ . New Concepts Evaulation Branch
o Transportation Energy Conservation
» S Office of Assistant Secretary
. B 5 : ) Conservation and Solar Applications
‘ . iid ‘ \
Ve [
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of Energy in order to test the hypothe81s that measurable 1mprovements in

fleet fuel economy can be achieved hy driver awareness training in fuel‘ .

efficient_driéing tecﬂElQues and by a manifold vacuum gauge, -used individually

" or in combinatiOn with each other. The project, conducted from /April 1976,

e ' through December 1977 ih the Las Vegds,  Nevada area,’ccllected‘data from 435
’ 11ght-duty f1eet vehlcles dr1ven in typical hlghway and urban env1ronments. .

More than six million test veh1c1efm11es were accumulated in the course.of the

- -

. ~’ prOjeCt' . . 3 . - : o h e 1 . 7 . {

3 L. 3 . . . « \a‘ .
The testireéults support the hypothesis stated above. However, the

‘magnitude of the improvements (4 to 6 percent) .is less‘than had been achiezed

¢

._ffv.' in.earlier.testsTconducted'by others (10 to 20 percent). This d1fference may'

~ o

be attr1butab1e to the fact that mot1vat10na1 and performance feedback technl-
8

ques were deliberately omitted from the test environment. AggétiOnally,

smaller improvements in fuel economy also appeared in the untreated*contror"”
groups, suggesting%%&gt driver knowledge of the test and informal information

exchange among drivers about, fuel-efficient driving techniques may. have
N .

influenced the results.

[ERJ!:l R | A - | ' ' IR .
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- The Dr1ver A1d and Education Test PrOJect was inititated by ‘the Department“_
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It has long been recognized that somé drivers consistently achieve better =

. v
t ~

automotive fuel economy than others, even when all’other factors\1€ehicle size

D N

t . - . - -y

.gand type, driving,cycle, weéther, etc-) are equal._ These, differences can- on&y
l be ‘ascribed to the way in which the individual driverno:ejates his vehicle. ;

Such factors as acceleration rate, average speed, and b aking\and stopping
7 N '

techniques are- known, to- produce significant effects on, fuel economy. Tests by -

5 P .

o others have shown that by practicing known fuel-efficient.driving techniques,

-

' a driVer ‘can improve his vehicle fuel economy by up to 20 percentw This

«
‘ .

project attempted to determine whether such improvements could be obtained in ’

a {epresentative portion of a large government fleet. » Lo
. L , ] R : . . o
OBJECTIVES o &

Y

. The main perect objectives were designed to answer the foIlowing questions.

—~—

‘o Can the use .of a driver energy conservation training awareness coqrse
.S A .

\result in improved fuel economy for a fleet of vehicles7

o o -Can the use of a commercially.available vacuum,gaugeqresult in improved
. K ’ . - . .t ’ BN o
4

-

fuel~economy for a fleet of vehicles?
o Can the combined use_of“a_driver energy conservation awareness training

. - .
- - .

‘course, and a commercially available vacuum gauge }esultfin‘improved‘fuel'

- economy for a fleet of vehtcles? S : \
i e - f ' o
b ~ R ) . S

TEST SITES AND FLEETS \ o : LT

-

’ ‘ ' "
A taotal of 435 fleet vehicles and drivers were tested in this prOJect in y
;

'urban!fnd highway driving environments. The highway test fleet of 324 vehicles“

w»

¢

was selected at random from the total working fleet of the Nevada Test Slte

X
(NTS), a test facility operated by, the Department of Energy and located 653

-

C Ve . . e
. X1 ) . R : . ooy
S ) o : Yo . ' et S
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'-\/miles,northwest of Las Vegas, Nevada. The NTS was chosen because of its fleet.

- 8 N o

~ size controlled?access, and availability of both, vehicle service and data
AL ,
analysis capabilities-f The urban test fleet of 111 vehicles was selected from

~ )

the working fleet of Clark County, Nevada, bepause of the predominately urbah

’character of the driving environment, the fleet size,’groximlty to the NTS

LIS

3

t'l : aﬁd 'the availability of Historical fuel consumptlon data. : ‘ '\\r;<
METHODS

‘Each fléet was divided into five equal groups. One-of thesefgroubsﬁgﬁf

served as a control with no treatments applied. Two:other'groups were instru-
mented with two types of manifold vacuum gauges’ (one type‘for each/grdup).

- Onexof-the gauges (tradevname VVacTach")‘utilizes a linear:pistonvto display

@

. ;the relative engine vacuum. - This unit contains_a”counter which_measures the
B . . ”

j}kumber of times the*ehgine vacuum, drops below a predetermined value. (set by
- the manufacturer) The other gauge (trade name "Motor Minder") has a conven-
QQ; tional needle-on-dial -type display. Numerous earlier -test$ by others_had
found that the use of\vacuum gaugésimay result in a fuel—economy_impnovement‘

1f the driver operates his vehicle in a manner which maximizes the manifold

°

.vacuumg Another group was dnstfumentedeith dial-type manifold vacuum gauges :
and the driverSnaSSigned to‘the'vehicles were givenAa driver efficiency_
'awareness training course. The final group was given the same training
coursc,\but their assigned vehicles were not instrumented.

Highway fleet testing began in July l976 with “an eight-month baseline

data gathering period (Phase I), during wh1ch the fuel economy of all test

,vehicles was recorded. The highway fleet was then divided randomly Anto five

“test groups, necessary instrumentation was mounted, instructions werewgiVen;‘

)

" and the fleet was subjected to an eight-month test period (Phase II). The

»

xiﬁ-ﬂ . .
AN E O 3
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% . / . . ) ) - _.
~.urban fleet testing began.iq July 1977, ahd was conducted in similar fashion,”

except that no baseline data period was necessary since Clark County, Nevada,

had been recording fuel'ecOnomy data for several years.

 Two different methods were considered

fbr anaijfing the data from the

Driver.Aid and‘Education Test.Project. One possible approach is to use

L X . . =~ . _'

Tanalxsis of variance to campare each group’s Phase I fuel economy T
~ : & ) . : .

withjits,Phase Ii‘fuél ecoﬁqmy- Although_fhis teghhique does deterpine
whether significant d fferences exist between PhaséAI.and’PhaSe\II fuel
economy, there.is‘ﬂo-ﬁay‘to asseés thé eitent to which the tes;':reatménfs'
cause; thesé'differences. - Intervening variables such as weathér,'the use of
ai?-conditioning, woriq events, and m;turation of vehicles and drivérs ha;e a
different éfféctbqn the perfprmancé:of the groﬁps during Phase 1 than they

e

have during Phase II. Becéuse the effects of these variables cannot be
measured, the differences between Phase I and Phase II can only be termed »
observed differences and cannot be assigned exclusively to the effects of the

treatments., In:addition, this approach does not allow for a statistical

comparison of the different treatments. Therefore, it 1is not possible to use

o 2

this .method to determine whether the difference between any two groups 1is

-

,,significaﬁtf

Because of these-limitatio;s, an.alternative method‘wéé chosen to analyze
thg data from_thiséproject. Anélysis of variance was used to compare the
‘performances of grdués wi;hin Phase’II-b This 1is a valid‘compérison bécause an
~analysis of varlance on the Pha;e I data héd.dgtermined that there were no
significant differences between the groups prior to;treatment- This pé;ﬁod is
péf'jeopardized by'intervening variables since it caﬁ be assumed that these
variables had an équal effect on all groups becauéé the resulté being cbmpated

. : , . _ -
, xdit © :

i ) : - . ’ -

. . 7’ .
L ~a -
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RESULTS -

, B | ] |
C |

occurred during the same time span under the same conditions. Thus, if the
1 ’ . .

tesults from ény of the treatment groups in Phase 11 are significantly different

from the results: from any other group, these differences can be justifiably
assigned to the treatment effects.

Comparing each treatment group to the control group in this manner

N
-

will determine whether the teé;'treatmenq hds a significant”effect. In

addition, using the analysis of variande, it is possible to determine whether

one treatment had a significantly different :effect than another treatment.

-

Therefore, this méthod is the only valid,way to compare treatment effects.

The test data were aggregated using two different methods. The first

® . 4

method, termed "Average Group Fuel Economy" assumes that each‘monthly-vehicle

7

fuel economy reading (monthly miles/monthly gallons) is equally important; In

essence, this method gives eQﬁal weight to each vehicle. The second method,

' assumes thgt.each gallon of

r

termed VFuel—Weightea Average Group Fuel Ecgnomy,'

fuel is equally important. The results are. presented, using both me thods, inf

'Tables S.l1 and S.2, respectively.

-

The Average Group Fuel Economy data were subjected to statistical analysis
in order to determine whether real (i.e., ‘non-random) fuel economy improvements

had occurred. This analysis indicated that five of the eight treatment groupé

experienced statistically significant improvements. Although both urban and

highway segment test groups met the statistical requirements for significance,

» -

the highway segment improvements are considered more reliable due to the

‘existence of several factors which complicated the statistical analysis

performed on the urban fleet. o ' -

k.
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.The Fuel—weighted Average Group-Fuel\economy-data indicated similar
1ncreases, but these values were not’ statlstlcally anFlyzed.
Many of the monthly trends observed Ln the welghted and non-welghted data
indicated that the greatest itprovements in fuelleco_omy ‘occurred early'ln'the
. . ) . ! - ' . ]
treatment phases and decreased over the remaiqder,of!the phase. This effect .
7 : : : . o ‘ . .
5 . . . . S : ‘ PN : :
> - is shown in Figure S.1. This may be évidence of a gradual loss of learned - . .
. Y : . . : ‘ . . . .
driving habits, although the effect is not uniform on all‘groupe.' " o . vy
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oo o, TABLES o
. " TEST RESULTS BASED UPON AVERAGE GROUP FUEL ECONOMY
- [ } Ll — - i ‘ R . ’ — - :
- HIGHWAY SEGMENT = URBAN SEGMENT*
A | I Ché\nge: - Difference: Béckground"l-" | --T‘est, Change:' " Difference:
" “Phase | Phase Il Phase Il-  Phasell-- ~  (Phasel) . (Phase Il) Background: Test-Control
. ... . . . -'Phasel = Phasell R  Test - |
| ' ' - Control - R ‘

GROUP ~ -~ MPG XMPG AMPG(%) AMPG(%) . MPG 4 : MPG AMPG (%) - AMPG(%)

1. (Piston-Type o y T R
Vacuum Gauge] 1281 1334 053(41) . 048(37) . ~ 11.10. 107 - . -0.40(-36) —0.14(-13]

2 (Conmol) . 1253 . 1286 - 033(26)  ~—= ' 104 1084 04442  —
3; (Training) 1295 1335 04031 04938 1008 085  077(76) ° 041(15)°
4 (Tramingplus Dial 7 - o T .

. Type Vaguum | . o o . BRI
Gauge] # ¢ 1306 1365 059(45)  079(6.1) . 10.14 1068 . 054(53) . ~<016-15]¢

5. |Dial-Type Vacuum S R | o \- | e
~ Gauge) 1272 + 13.24 0\52 (4.0) 0.38 (3.0) 10:9¢® © 1150 054(4.9) - 066(6.1)
Al 1281 1329 04837) .043(33) . 1086 1083 037(35 00908
*The statistical significance of the urban results is qualified.\ = - L
~See Section 5.1.1. ’ ‘\ o | L ' ./[ .
) / . /\ K | Q‘
X ' : /
% | ' . .
’\ & ) | | . y? ' - “ ‘)'. | .
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7 Highway SEGMENT‘ URBAN SEGMENT
: . v ‘ _ B ‘ ETE ' .
' o . Change: - Difference:  Background Test  Change: Difference:
. Phase| Phdse |l Phasell- . Phasell- (Phase I} (Phasell) Background-  Test-Control
. S PhaSeI Phase 1| - . Test x
; S : ‘Control N ‘ | R |
3ROUP . MPG MPG AMPG (%) AMPG (%) MPG MPG ‘A'MP.G %) - OMPG (%) ~
- {Piston-Type o \ J ‘ o T o oo o ,
Vacuum Gaugd) » 1273 1271 =002 02 "0(())‘,‘ e WA . 1049 NAS 07264 .
. (Convol) 1251 1271 020016 —— . NA . . ™21 NA e
. (Training) 1284 1298 0.04(1A] 027021 . NA - 1097 N -0204-21) -
. (Traiting plus Dial- y R | e o
Type Vacuum - . S o a Vo L ; oL
Gaugel . 1267 1337 070055 06652 NA' 082 - WA 0339 L
. (Dial-Type Vacuum ~*+ . © R L o \‘,,‘
Gauge) - - 12.89 13.28 0.39 (3.0) 057(45) - NA . 11.94 N/A - 0 13 (6 5)
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Finally, eache. of. the highway qgeet_drlvers was requested to respond to a

questionnaire immediately upon codipletion of the ‘project. The results of =~

A this questionnaire indicate an overall positive response to the Driver Aid and
. ‘ R 3 . A . . A .

Education Test Project. This is most evident in the assessments of the driver

N

. k 3 oo . > L c TR
training course. The majority- of course participants: indicated \that the
: . _ ‘ AR . .

training course was a valuable sdurcs of-fuél*conséf¢§tionAd;'

s .

.techniques

. - T . ‘. . . LN S . o . K
and a positive influence on persdnal driving habits.
- - . . ‘ ST 2 . . . - [ ) (]

o .Response to the Vacﬁuq(gauge driver aids?Véf{éd akcording to ‘the' type of
vacuum gauge used in; the test.
' VI L VU‘ - . v —
. vefﬁeqs§¢e aid to fgel—efficient driving; the pispgn—typepgauge receiVed a
o . / : . - - . e .
generally negative response. This difference appears to result from a combinat

The dial-type device was Eydged to be an

= s . E . X ¢ - , A
" tion of frequent malfunction énd“difij9lties\in reading the gauge which f_>
. . . . . 9 - . .. . .

occurred with the piston-type device. These prgblems were not encountered by
iR N . : . . . L 4

. those®participants who used the dial-type vacuum gauge.

~

a

- OBSERVATIONS AND:- CONCLUSIGNS .

M

a’ -

4 A 2

N . The folfoﬁiﬂg observations and conclusions, listed in order of importance; -

‘are based upon analysis of the results -obtainedfrom the Driver Aid and
. . _ , Al

~

2 f N

Educa?ﬁon Test Prdject. ‘ : . ¥ S . . . K

o The results obtained in this test project provide support for the

‘ ‘ hypothesis that measurable and statistically significant‘increéses in

fuel economy can be achieved by the use of a driver energy efficiency

awareness training coursé or a manifold vacuum gapge, or by use of the

> 7 training in conjunction with the manifold vacuum: augé.
. i . . . N * ,
N . ) . 2 . .
o Review of the monthly_,trends 1n group “fuel economy Ln&ﬁFate a\ apparent
S , S . ‘ . . ) | : .
. v degradatioh of motivation or of behaviors learned in the trainfing -
6' ’ L ” . . . . - . . ~

\

course for mosf of the treatment groupss

: xvidii

O
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o Comparisons of the dial-type and the pistonftype‘vacuhm gauéeé made
< s 34 . . ? .
. 4 I . . - R
/ "using the Ave;agefcgqyp.FueL Econemy method of data aggregation show
o = : , - A ‘
<:hat both gauges achieved similar, significant increases in fiel

\

conomy in thg\hiéhway segment df'the test. The -urbdn segment results,

while of less statist}éal'impbrtancé, indicate a clear advantage ©f

. the dial-tjpe as compafed to the piston—type-gaugehk,Non-stétisgzéad
v ~ . . ) : L T B
comparisons-using the el>weighted method of data aggregation also
e M SR, ST mesreEston =
{ . indicate a strong advantage for the dial-type gauge. However, statis-

LA "

© i e

tical analysis indicates that it is not possible to‘r;zect'the hypothe-
b “SEET g . A

l - ,sis that the two gauges tested wére equally effective.
- o‘ZIheiéesqlgélof the'driver questionnaifeé indicate that drivers. who
'-uéedﬂghé-dial-typé gaug; gave a p?sltive overall response t; the gaug
: ‘aonﬁ tyice as ofteh as driQers‘who had used ;he pigtdn-t;;el o
RECOMMENDATIONS | ) |

g

’Basedéupon.tﬁe results &ﬁ th&grtesﬁ project, the followidg‘re?bmmendaﬁions

are offéredzlhfl : -
N -~ L. I3

>

.. GENERAL RECOMMENDATIONS - ' . . = o | .

v

o o The.,immediate installation®of vacuum gauges alone on additional

N

23 ) ' .
Gs government vehicles is not recommended at this time. Use of vacuum .

- . ’ - )
gauges should be considered only in conjunction with a-formal program

~
Y

to motivate and train govérnment drivers in driver energy conservation_
. N . . _*,' Q

awareness techniques an# the gauges should only be used as-a driver
L ° 9 o
A

training aid.
- +
. ) L

o It is recommended that tfie Department of Energy provi e continued

support for research in the area of fuel-efficied‘gariV;qg.techn%;ues.
- . R o

1

Specifically, questions of optimum acceleration rate, braking, turning,

[} Y \
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/ e o :
étoppidg{'hilljzlihbiﬁg And hill descending should be inééstigated_tb

determine the éﬁtimum tecBniques for*use in driver energy awareness
training curricula. Thisjtype of research dctivity has/tw?‘fold
¢ 16! ) . hdet > A p

importance: uhefreseaggh can provide useful informition for -energy
booa R A : . S

conservation and pqlicy decisions using®existing technology, and tﬁy.
B L4 N . -

Y : S R . >/
‘ ) ° ’ o . - . . . n .-l- L
interest in. fuel economy exemplified by, the projeets'will provide an .
B ¥ ° B T . . ‘» N ) .
‘ , , example of enefgy conservation activities which could .be pursued
- N N . : . : B
y - - . . RERRA . - . ) . . . ," ‘
. by other vehicle fleet.opeﬂitors.”-‘ . s g )
v . = E So. ’, Lo . P
. TN ’

. .

) Fﬁrther'analysis of the data cplliéted during this test projebt'{s

[ i - ‘recommended, spécificaliy inathe‘éréés of statistical methods? driver
characteristics, vehicle characteristics, the Hawthorne_effect,
correlation of fuel,economy with driver characteristics éndﬂjob .

PR G o L‘ s C N : ' iR -, AN . ; f'ﬁ‘ﬂ )

assignments, and other parameters that may assist in expfﬁ}ning data ¢y~

inconsistencies or observed anomalies. . : - -
: o . | . i , ¢ ]

o It is recommended that the Federal Government consider institution of
¢ the requirement that all applicants for federal driver's licenses .

2 B f !

(both gdverhment emplogees'ana government contractors) complete

training in drfvef éqefgy conservation awareness prior ‘to licensure.
o It is recommerided that a teaching’ textbook be‘prepare%'for vehicle
2 ’ . n .. ‘ " ° . ) ’ ' . ) ‘ '
fleet operators. This text should also: be suitable for uiﬁ/by the

. . R ~ ) .
public schgﬁl_systgm and the general motoring public. . o

o It is recommended that further research in human factors be initiated
4 ' [ .

'

2 , " in'order to develop more effegtive methods of providing audio/visual/
. . tactile feedback to the vehicle driver, facilitating fuel-efficient
. < driving behaviors. . ' I

< -

Do
.Fs
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SPECTFIC RECOMMENDATIONS
/ .

~

o Itris recommended that the Drivier Energy Conservation Awarendss.

. . g N s . : ;
«. Training be continued, and éxpandedgto. include a}l Government=-licensed

-3

t . . .\ - \\
Las Vegas, Nevada. . ' - oo R

drivers at thedevada Test Site, and thé Nevada perations Office in .
. N . .
.Q

1 . . ~

o ‘It is recd@mended that all lightiduty vehicles at thelNe ada Test. Site 2

be instrumente%/ﬁith dial-type vacuum gauges, but only in conjunction .

1

V4 :

eXvation awareness training. .

A AN N . . )
rds be kept 'op all lilght-duty

. AR v Vo
‘with driver energy cons

. C o ’ \. - . :
o It is recommended that fuel\and mileage reco
- - e ‘.

L : : tam

' ovéhiclésiat the, Nevada Test Site, in o?der to monitor the effects B, '
Lo ' . 4 . ) N &

o driver training.” =, o
. Rl [y I - h)

N
«

. D . . L o ' , . Co
+0 It is recommended that driver’ ehergy consefvation awareness training-

R e . L . . ) 5 v
methods be further refined and modified to suit the specific driving

4

environment and t pes ‘of vehicles used at the Nevada Test Site.
gont and & !

LI s
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1.0 BACKGROUND T

. 1.1 HISTORICAL BACKGROUND IR
Historically, there has been little public interest in improving. automotive

fuel economy. . fh'the United States, the real.price of motor fuels (defined as

the number of hours worked to pay for a’ga%lon of fuel, tax included) has shown

—~a’eonsiétent'decrease‘ﬂrog\gae advent of_ the automobile until about.1970. C

o

Between l9l9 and l970 the real prlce of gasollne decl1ned byﬂ70 percent. .

/s

‘This flscal env1ronment was not conduclve to petroleum fuel conservatlon..°

Al -
. . . N . -

The rise in real COSt of motor fuels wh1ch resulted from the Oll embabgo
of 1973= l974 changed thlS env1ronment bringing the quest_fOr improVed'fuelf'

. u . . . N .

o S S
economy o the forefront. Exten31ve research was undertaken to improve

a

P

vehicle technology, with'the goal of increasing fuel economy.. However,?ft was

I3

soon recognized that while hardware improvements can have a salutary national

: p A : : :
e _eféect, the time required for implementing sjgnificant national hardware
changeover 1is measured in 5 to. l5 year 1ntervals. Secondly, such improvements

. P

are often capital-intensive, further slow1ng 1mplementatlon of new hardware

1

technology. R I - . : A
. 3 . ‘ ‘ SR

In addition, fuél economy research revealé\that'eyen when all oﬁherf\
~ variables are tontrolled, significant variations ‘in fuel economy exist~which
o x . i ) N - 7.;'. \
can only be ascribed to the driver. It is not unusual to find a variation of

30 to 50 percent in fuel economy among a group of non-professional drivers

operating under identical and controlled test conditions.
In this light, driver energy conservation awareness tralnlng appeared as

a promising technique;for 1ncre331ng fuel economy. Numerous llmlted test

'“programé indicated that appropriate educational techniques could improve the

fuel ‘economy of a group of averege drivers by 10 to 20 percent. lf}these;

v

. . . 1 - ;.‘. . . " ’ﬂ.é‘
i P ' T . } . \\\ ' .
n i . .
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hY

ere applicable‘to.evenb

3

’d

results w
(autos, trycks, buses, etc.), a reduction of 1.3 to 2.1 ‘billion gallons per

year in demand for. pegroleum fuels could.be realized.
. » r ".,/ K
, a &

equivalent reduction in imported petroleum 'demand

<;0 percent of the national highway fleet

If this resulted in an

00 to 800 million dollar

per year reduction in the balance of payments deficit could occur.

However, many of these'early tests were conducted under circumstances
®
' ) Many of the tests )
Lot

“ which make their rellability and validity quest1onable.
~1were undertaken by~1nd1v1dua1s or p?1vate compan1es who were’ under no obllga-

%bl- . : |
period usfhg a small number of volunteer participants (often less than 10 or

20)

v

(%]

It 1s poss1ble

to publ1c z the1r f1nd1ngs.

1c1zed.” I ‘addition
Y
vl

3 t

v

.

7

seated next to the student throughout the test.
were conducted by organizations or individuals with direct financial ‘interest

“tion
results which \dem nstrated small 1mprovements or no 1mprovement were not
most of these tests were‘conducted over a short time
. ) - AT

n the-results.
Wh1le these qual1f1cat1ons do not necessar1ly 1nval1date the ear

b

-

indeed probable, that test

¥

.

F1nallyg'some,of these tests

Frequently an 1nstructor suppl1ed strong extr1nsxc motlvat1on by belng\

N
Coa,
R

,_‘

test
fhe sarly ese

the Transportat1on Energy iy

N

fesuTts, more obJect1ve data collect1on and analys1s are required to justify-a

)
" national erver education program. Thereﬁore
} Conservat1on Division (TEC) of the’ Department of Energy.(DOE)- dec1ded to
J
i‘conduct a test program in order to evaluate the effect1veness of driver .
/{ ' : . :
f ' .energy conservat1on awareness tra1n1ng ‘on dovernment fleet dr1vers. Positive
! - ~ .
/“\\\:fsults obtalned in th1s program would enhance ‘the nole undertaken by the
/ Government in the field of driver energy conservationjawareness tra1n1ng.
; ) - e )
. n o
S . - 2 .
o
24 S
\ : ) '
; t Cor
O
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1.2 PROJECT BACKGRQUND _ e o o

-

Ig March of 1976, it was decjded that astest project sshould be conducted”
B } G v : , .

L : - ) . o . . .
.+ to evaluate the effectiveness of vacuum gauges and/or driver energy conservat;odhé

., tgaining techn1ques;~ . '{ ; o . L ,
- ’ g o T A e g ro

The 'Nevada Test Site (NTS) fleet was chosen for this project on the . .r

2 R : . . A )
basis of the following factors:. (a)izhe NTS:f eem was composed Eid more ‘than

2000 llght duty veh1cles, (b) the average dr1v1ng cycle was typ1cal of .
‘ ’. . T
-suburban/hlghway travel (c) the fuel input to each veh1cle could be carefully

..‘monltoréd;;(d) thejfac111ty had the capable personnel.and equipment needed!to

,.condyct the test; and (é)nthe NTS “management eXpressed a positive.attitude
TR | A ~
. ‘toward the project. -No other. fleet w1th1n DOE or any other Federal Agency .

» -5

"was, Judged equally qua11f1ed for the purposes of this test: The test began in
Aprll 1976 but shortly after test. 1n1t1at10n.1t was. determ1ned that the test

should 1nclude-an,urban dr1v1ng-segment 1n order to make 1t more representatlve

of fleet operations. The automotlve fleet of Clark County, Nevada, numberlng
3 almosg 1500 vehlcles and used almost exclus1vely }n urhan Las Vegas Nevada Pl
was chosen for thls purpose. Many factors similar to those con31dered in the

’se{ectlon of the NTS fleet prevaLled 1n - the Belection of the Clark County

o

- fleet. .

£ ’ -

ThlS comb1natlon of the NTS *fleet and the Clark County fleet prov1ded

LI o, -

dr1v1ng env1ronments typlcal of those encountered by most fleet dr1vers 1n

~"the United.States." s T T -

L T - .. . :
Two types of driver aid devices were chosen for the proje¢t: ~a manifold

'vacuum gauge with .a linear piston indicator and a low-vacuum event counter;
and:a manifold vacuum gauge with the more conventional dial indicatoT- display.’
S ) o g A . = 3

These manifold vacuum gauges were chosen for this project’ because of their

B . . R
Lo .

" | ’ ‘: , ¥; % | (fi) 8 :g ﬂ}l““
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,7télétive1y low cost, w@deiéwéﬁiéﬁility_(bofﬁ'for the hrbjecg'and'for‘thézmasg

KPR * . "

. . ‘ -

. ' ‘markelt), 'and simplicity of:installation and use. e T
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L . 2.0 . OBJECTIVES -

’ I - Toe

2.1 PRIMARY OBJECTIVES S ' L

A The Driver Aid and Education Test Project was designed to gchiévé‘three

e

primary objectives:

- - l. To assess thé"extent‘tdfwhich'use of‘a‘@anifold'vacuum,gauge driver -,////
R - d“icé; as available in the consumer market, could improve fuel oy
‘economy: o o - - L o ‘

2. To assess the ethgt'to which participation in a driver awareness

training course could improve fuel economy; - e _ .
’ \\ - 3. To assess thé;éxtentfto which use of é_vécuum‘gauge driver aid device

- -~

Py .

used in combination with driver awareness training’ could.improve fuel ..
econom o , : : 4
) y. < Lo, - . » » (§:

4

The following discussion focuses on the rationales involved' in formulétingv_
these primdTy project objectives. - ‘ | . o

A
o M4

Professional drivers have succéssfu11§ used manifold vacuum gauges as an .

aid to maximizing fuel economy éérformance in tests such as the Mobilgas

Economy Rung. ~Although thése‘ﬂevicés,havé been found-to be qsefulzin profes-
siohal-fuei economy.driving, thére is no adequatevévfdencexto'show that "an

. -

. . . . ' . ) 1\",“3 .
. average driver can ‘achieve improved fuel economy simply by using a vacuum

~

g@uge as purchased in the consumer market. Therefore, the first test 6bjectiVeV

-

/Qas.to.assess th;:éxtgnt to which an'avéragé dr{§er,-with no spécifig traininé
'éthér'thﬁa insfrhc;ions which might be suﬁplied by the‘manuféCtﬁrer,lsoﬁlé
fimprove Lis fuel-ecoﬁsmy by tge use ofﬁébvacgum gaugé.

__Ajsecond appr;ach.to improQéd'fuel economy ﬁas beenlthroqgh trgining in

fﬁel;efficient;driging techniques. While it has been shown. in various fuel

« economy tests that certain grivihg téchniques result in increased fuel: economy,
| 5 | -

v . : . - ' 2%" o ‘ '

Qo
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neither the driving public nor. drivers of most government and industrial

«

vehicle. fleets ha&e received systematic trainiﬁg in,fuel-effiCienF Qriving
'techniqués» .Therefore,'the‘second test objective Wés to assess the extent to .
which fofﬁalvtraiﬁiﬁg in~provgn fue1fefficient drivihg tgchniques could
improve the' fuel economy achieved by ‘@ typical government fleet driver.

Since effectiVé‘fuel-economy.driVing appears to be a learned behavior

- . » o o ‘ _ '
requiring concentration, interest in practicing new techniques, and a desire

to improve driving abilities, it was assumed that a driver aid device might

.

provide the driver with a positive reinforcement of the techniques learned. in
a training course. By‘providing the driver with immediate feedback on his
technique, the device could contribute to reinforcing fuel-efficient driving

habits;'thus enhancing the deﬁelbpment of new, fyel-efficient driving Béhaviors.j

The third objective was thus to assess- the extent to which a driver aid -
device, used in combination with é/driver awareness training course, would

result in improved fuel economy. A corc’lary to thig.investigation was

to compare the fuel.economy obtained when using either a vacuum gauge alone or

7

- driver training alone.

" -

;)

L . ihege three objectiveé cqnsﬁitute ﬁbe‘primary pﬁrpqses of the'Dpiver Aid
and Educatiéanest Préject;band the major POrtioh of_this report is devoted to
~discussion of the test findings as they relate to these Prima?y.ijeéfiveé; Av
number of secépdéry objectives were also ;onsidered for the project, With thg
éonstfaint that thex would be Ynvestigated onLy if projeCtAtiming pgfmitfed'
further elaboration of the test findings. While there afe déta available .

which pertain to the.secondary objectives (see Appendix F);%most,of_bhege are

not discussed in this report. .
m . .

N

oo
Cr>
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1 Early in ‘the project, it was dec1ded that one speC1f1c vacuum gauge,.the

11near-p18t0n tYPE, should be . tested. Thls gauge, sold under the commerclal
' (
y n
name "VacTach, 1n°°rPorates a countlng dev1ce to measure low-vacuum eventS-
BN

The first secondary °bJect1ve of the project concerns-this partlcular device.

2.2 SECONDARY OBJECTIVES -

o A. To' examine the linear vacuum gauge in terms of: A
N : ; B . ’ .
1. .Fuel efficiency ratio (FER)* vs. fuei economy;

<

2. Degrgdatipn cur¢é:for FER. .

B(' To. develop fuel economy degradation curves fof:

:1. Tune-ups; N
2. Driver awareness training; - ‘ : ;
. . : \ _ .
Q. . 3. ; Vacuum gauge utilization;v ) B v o Coa ‘
- 4 . ‘ »# . . h .
+ Driver awareness. training plys vacuum gauge ‘utilization.

. s . . .

1. Vacuum gayge driver aids: = s
a. with driver awareness training
. . b.. %ithout driver awarenesg training;

2. Driver.awareness training,-
D. . To assess the effectiveness of the driver aid in alerting the driver

i<l

to engine/vehicle prbblems.

*See Glossary ‘\\\' S i

. . . . . . .
.

_y" .. . . B - E ) )
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<. 3.0 "TEST METHODS AND PROCEDURES

]

3.1 TEST'PLAN - | T

A deta11ed plan descrlblng ObJeCtLVeS, test methods analytlcal proceduf%s »
. e o 13 )

' and teChnques, and necessary data was formulated for the test. Two test

-

segments were conducted in order to represent both hlghway and urban dr1V1ng

conditions. Four dlfferent treatment gr0ups and a control grOUp w1th1n each

segment were necessary in order to generate the data required . to achLeve the

- test obJectlves_ Thus, both the urban and the hlghway test f1eets were -

v

'd1v1ded into the follow1ng groups

‘ Group ] :. All.vehlcles rn th1s group were'équipped with a linear Piéton'

type manifold Vacuﬁm gauge.
Group 2: Control group. (no treatment)
2 Ka

Group 3: All drivers in this group completed training in fuel-efficient

o L3

driving techniques.
‘Group é:'tAil.Vehicles i“ithis group were equip ed witﬁ‘a diél-t;Pé
r: L ~manifold Yacuum gane aﬁd.the‘driver éOmpleted'training i&
fuel-efficient dr{ving techniqueSa- ' .
S a Group 5 | AIL Vehicles i“.}Fh'iS'g'rOUP were.equipped with a dial-type

manifol@

These five groups were/necessary in order to determine effects on fuel
economy resulting from the use of ‘'vacuum gauges and driver training, separately
and in combination-’

Figure 3,} provides a,summary description of test plan implementation.




' f \ , | ‘ e
r. . . \ ! ’\
{ 1 \ l . o
© FIGURE31
 TEST PLAN IMPLEMENTATION
'S.egmentf C - Pehasel Phass) . - . Phasell
Highway o Test of Data Collection i\lehicle Preparation @ Installation of Vacuum Geuges
INTS) ‘System i - o Collection of Fuel - Driver Training Course Conducted
R . {30 vehicles) - o Consumptlon Data = o Data Collection o
_ | | ' . DataAnaIysls L
RO ¥ | S L i o . '
Uban. . e not required" ¢ notrequired”. @ Vehicle Preparatlon
Clark .~ “ B " Installation of Vacuum Gauges -
County) o o | . e Data Collection
‘ ' ’ o L ' Data Analysls
'Fupl ocon'omy"data were available from Claﬂ\t"County fecord#.
~
- |
S
) ' 0:1. ¥




‘Highway Test Segment
4 . : . :

" The hlghway.test'segment,wa8~c0nducted in three phases: Pre-~Phase I
. _ . . . v _ : :

Phase I, and Phase II. ‘ o o - | o b
" Pre-Phase I.included a test of the data collection system-to be'nsed for-

" the entire'test., Checks were made to insure that data would be received in a_

[}

‘t1me1y manner and that the analyses could proceed accordlng tb the test plan.

\

ThlS phase lasted approx1mate1y two months and utlllzed a sample of 30 veh1c1es.'

Phase I‘lncluded claSS1f1cat10n of the NTS veh1c1es ch en for the test
I

sam%&e mechanlcal preparat1on of these veh1c1es, and collectlon of base11ne
) fuel consumptlon data for each dr1ver/veh1c1e comb1nat10n. The baseline fuel
consumption data collected in Phase I would later Pe'used for comparison with’

the test data collected in Phase 1. -

.

"Phase 11 of the h1ghway segment 1ncluded installation of tno - Lcuum

.

" gauges, presentatlon ‘of the dr1ver awareness training course, collectlon of

fuel economy data, and data analysis.

The highway test segment extended over a 16-month period. - {

Urban Test Segment o : f;

The urban segment test manager (Clask County, Nevada) had prev1ously

collected baseline fuel consumptlon data for each of th; dr1ver/veh1c1e .

comb1nat10ns in this fleet., . Therefore, Pre—Phase 1 and Phasg i procedures"
) . o ) ) . . ’ . +
werefnot required and the urban test segment lastedionly eight months.
" s . . . .' : . . \ ] . R ' .
. Phase II. of the urban test segment included 1nsta11at10n of the 'vacuum
gauges, presentation of the dr1ver awareness tra1n1ng course), collectlon of .

-

fuel economy data, and data analysis.

10




)

-

3.2 I'M‘PLEMENTATIONTOF THB TEST PLAN A

s 3 2.1 Yﬁ?ﬁicle Preparation . '; s - :

' A N, T
All vehicles 1nc1uded in the test were c1a981f1ed according to size, and
. . . . . o7 > -
weight, transmission type,;ggd air conditioning optlon. Each test,vehicle was

J * . ) . t
_clearly 1dent1f1ed to 1nd1cate part1c1pat10n in the test. All analyseé.and
. PV .

. documentation produced refﬁience the veh1c1e 11cense number, which can be_

ma ched to the vehlqéi?wpﬁe”driver, and the organizatiog with whigh thevdriver

_ 'was associated. o SRR . 7 i
A locking gas cap was installed. in each test vehicle. The key to the gas
cap wai}controlled by the driver- assigned to that vehicle.

All highway Segment"ﬁehiclea were tuned at the beginning of each test "
phase. 'In most instances, manufacturers' specifications were followed.

_However, some of the older test vehicles were not designed‘f;}_opération‘with
. . ) . ) ) . . X B pe ) ) b ’ ’
no-lead gasoline (the only type available at the site). Thus, it was necessary
+to modify manufacturers' specifications (primarily spark timing) for some of
. o . _ T ’ N o
these vehicles in order to insure proper operation. Such modifications-are a
. ) » - %
matter of’ standard maintenance policy and were not 1nst1tuted solely for thig

test. The modified spec1f1cations are permanently recorded for régerenceoat

-

the shop facility. In addition, vehicle spark plugs, points,‘and condensers
were replaced, timing. and idling speeds.were‘checked and corrected as necessary,

and each vehicle was tested on a dynamometer to ascertain that no other

- - mechaniocal probfems existed. All urban test segment vehicles were 'similarly.
: r ) o

: v L . { o ' . "
tuned on an as-needed basis. according to manufactiirers' recommended mileage/
.time intervals.

Odometer error for each vehicle was determined and recorded for use 1in
o N \ .
» o , S } , : .
R B I L ’ . . . . o
\:>4 analysis. These procedures were carried out on the highway ségment vehicles at.

.

o o o

" . : v . 3& LA ) oo o . ' ; . - 1
Q o o
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e o . S
the beginning of Phase I and also ét'the'beginning of Phase II, Urban segment

vehicles were subjected to“these procedurgs only at’ the beginning of Phase I1,

‘). - . . A B . . . . .
since there was no Phase I for the urban fleet. : T . ‘
. Installation of”ghé vacuum gauges in selected vehiclés constituted the

'+ final step in preparing the vehicles for testing. e

Q

" 3.2.2 Driver AwareneséiTrainiqg

- _ o L
Highway Segment . o ’j/- . o

The highway segment training was conducted in two stages: two hours of“"'5

- i

: . LS ' .
formal classroom instruction, followed (one to two weeks Jater) by two hours
of practice driving in. an instrumented training vehicle.
“The classroom instruction format consisted of a lecture }ELQEE?rating

LT, . S . e LT <.
. visual aids, and two frlmsApresentlﬁg various fuel-efficient.driving techniques.

The average class size was 18 students. The students>were encouraged to .
& « - ' . ) . .
SN . } . - ,
practice the fuel-economy techniques taught in the classroom beforé\ they
Vs . : . » N
‘returned ‘to drive the dnstrumented training vehicle.

Figure C-4 (Appendix'C) illastrates the driying route within the NTS

,complex which was selected to demqpstrate various driving techniques. 7 The .

PR

» student was asked to drive the route initially using his normal driving

h

techniques. Fuel usage, time elapsed, and distance trépeled‘were recorded.

0

The student was then directed to drive the route in a fuel-efficient mode,

-

.with the instructor coaching on the various driving techniques at the points
along the route where these techniques could be utilized. * Again, fuel usage, |,

élapsed”time, and distance traveled were recorded.. The results of this -

v

:experiment'are described in Abbendix C.

B

Urban Segment

v

wareness training used in the urban

The driver énergy/conservation.a

ERIC

Aruitoxt provided by Eic:



T . _ o .
.~ . segment was similar to the highway segment training, with the foE@pwihg‘
- Y : oLt ’ - - T
variations; : - 3
a. The course was conducted in a drive-class-drive format.and completed’ :
v R " in one day. Students were directed to drive normally prior to the

classroom instruction. The economy driving runs were conducted

immediately after the classroom training. .

N ’

b. The driver awareness.training cQurse was.teduced to three hours by

eliminating one of''the movies and some of the lecture material.
R ' . >. - : . o . ) . \
c. The class slze averaged students per session. ' -
.d. The driving portions were conducted in an urban driving environment. -

Two foremen from the REECO Fleet Operations Department were recruited to
- » .

serve as on-the~road driving instructors. These individuals received an-

. ! g . . - . K . X

intensive four day course which included.free use of the instrumented vehicles.
: R _ : Lot .

[y
l

The use of volﬁnpéers, rather than professional instructors, was carefully
Lo | - v’.'& \,b‘ » . ’ ‘ ' -

) considered early in the project. Itswas felt ttat’instructors from the peer
\\\s\éroup would be more effective than outsiders, particularly in view of the ' .

.limited time available for administefigz the course and developing the presenta-
tion technique. J

Driver Questiornnaires ’ oo : .

N

,

o A driver questionnaire was issued to each highway segment test participant

i

3

~upon completion of the project. The results of the questionnaire are discussed

t .

s

in Section 5.2.

-3.2.3 Data Collecfion
Data were collected through the use of log books maintained by each driver and

S

by -the attendants at the three service statiofs located on the test site. Each log

book recorded the‘following .information: vehicle identification num?er,-date of

. co ' 13 -
Qe T T : . C °

ERIC
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o L ee ‘ L o

.fill—up, gallons per fill-up, and odometer reading._ AN fueL dlspen31ng pumps
used in the’ prOJect were calibrated to one p rcent (1%) accuracy before the

beg1nning of each test phase. A sample- forn of each log sheet ' is. contained in

. L . -
- Appendix A. ‘ 2 -

The recorded data were subm1tted to the ana1y31s group on’ a monthly -

.ba81s. T . , : B o ’( ,,,,”‘;[uc- T
. - - - .

3.3 . TEST FACILITY SELECTION S

g

The Nevada Test Site (a facility of the Department of Energy located
approxlmately 65 m11es northwest of Las Vegas, Nevada), was chosen as the
2.

locatlon of. the h1ghway test segment. >The NTS was used in-'this. prOJect for

-

the follow1gg reasons: . - : i - . ;

' y

1. It possessed a large eretg(apprqximately 2,000) of light-duty
"vehicles (compact.automobile§; intermediate automobiles, and pickup
trucks) -from which a satisfactory test sample could be drawn.

2. The test vehicles would be operated in a controlled area (almost
: N s = v -

exclusively within the 1,400 square mile” facility), making it possihle_

>

-to monitor fuel use, driving cycles, and vehfcle_state-of-tune.

3. . The site has a large technical staff, ’oh-site autg repain and service

-fac111t1es, cOmputer fac111t1es, and personnel capable of ana1y21ng

L

‘the test results. . . L o
4. 'The majority of vehicles on site wWere asgigned to only one driver.

This factor simplified the task of associating driver treatment with

P

vehicle.performance.
' . B 8-, & )
5. The test site management expressed a ubstant1a1 1nterest in the
N L

program and agreed to support 1t as ja pr10r1ty prOJect.

The -Clark C0unty fleet was chosen for the urban test segment for the

following reasons: ‘ S
’ \ 7 S O 14, -



‘7"% , . o ;
_ Qﬂ“_{l.‘ The average driving cycle (downtown Las Vegas, Nevada) is typical of
k s vurban travel in this geographic‘region,“* - s l: ;é;; ’ E
: “2, The CounCy facility is located near the DOE Nevada Operations Officeﬁ;A,"
. B yand ‘could be closely monitored by the DOE project manager. R i
.,‘ i - :3. - The fleet has nearly l 500 vehicles from which to draw the test.
.Sample. | . .o | 5 ) .- - / L .
. : A : < = o o
Other potential urban and highway test sites were-considered, but none
offered the desired combination of fleet size, driving cycle, management *
) interest, and analysis capabilities.- | — &
3.4 DéIVER AID SELECTION |
. | A driver aid is a mechanical‘or electronic device which can provide
. vehicle performance or-other fuel.economy information withoutv;irectly influenc-:
“ ing any vehicle system; Speedometers,,odometers, and tachometers are examplesﬂnw
*‘b.i : of Original Equipment Manufacture (OEM) driversaids typically found on automo-f

biles and’ other light-duty vehicles- ‘ , ‘[
\ _ .

One of the purposes;of ¢he Driver’Aid andwEducation Test Projectvwas to
-

.

—— assess changes in vehicle. fuel economy resulting from vacuum gauge driver

aids. Final selection of the particular manifold vacuum gauges "to be used in

this test was based upon the following:criteria:{ : N _ .

Screening Criteria

1. .Availability for project (January,_l977);_
o 24 ‘Total cost (parts.and‘ﬁnstallation) under $50; - “ .- - 'hLJ//

3. Compatibility with. test ;vehicles. -

Quality and Performance Criteria

Y

- .

1. Presentation of a clear visible and/or audible signal of efficient/

inefficient driving techniques,

s

N 'S : : . . B
- )
» R ' .
. J. .
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oA .l »
. -

dzz,i RelativelZ?se of,iﬁstallation by available shop PersOnnel;

;Efﬂhb 3. Product w rranty of at least 90 days. _ y -

- e

- . V. . . ) 1
Three types'of manifold vacuum gauges were commercially available at the-time o!
the .test: the circular dial type (Figure 3, 2), the indicator light, and the- linear

i . ) : . .
piston type (Figure 3. 3) L R ‘ : . .

s

The circular dial type of device instantaneously indig£2es the intake‘:

~

manifold vacuum by a pointer on the dial face.- These deviceg display manifold

d o

vacuum in relatiVe terms (good fair, poor)

s +

_ The indicator light type of vacuum gauge informs the driver -of vaﬂhum ‘

'\level through orne or more indicator Lights, which are’ designed to activate’ at

. i 3

'°pre-set vacuum levels.

/

’The ‘third type.of‘vacuum gauge iS a-linear piston with‘low-vacuum event °

.
-

counter- As engine vacuun increases, the piston is gradually pulled into its
. 2

1

.

h0using, displaying a different color on the pistOn at Various vacuum levels.

'A counter on thd end of the piston housing records low-vacuum events. Accord-

’

ing to the manufacturer of this “type of gauge, there is a relationship between

4

fuel economy and the number of low-vacuum events which occur.

The particular 1inear piston-type Vacuum gauge to be used ip the test héﬂ N

.been previously specified (see’ Section 2. l)

. i, ‘_:. . . e
VacTach, a linear piston gauge W1th ‘a low-vacuum event : counter, manufactured .

1 ~ . t. - e
- N A

by C&E Enterprises, Inc. :
Using the pre-determined selection criteria outlined'above, a review of

“ available vacuum dévices was undertaken and a dial-type gauge was also chosen

for the test. This was the Motor Minder, a dial -type vacuum gauge manufactured
. by Stewart-Warner, Inc. Throughout the remainder of this report//these

¢

devices are- referred ‘to by their generic names.

27
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'The selection of any gauge does not imply that it was judged superior in
L ‘ : - .
‘terms of performance, fuel economy effects, or any other specific characteris~-
. . - - C- .
tics. A true evaluativeﬁfadking of all vacuum gauges would require an extensive

- testing program.ouﬁside the scope of this proggét- _TheSe gauges were chosen

to represent generic types.

3.5. VEHICLE SAMPLE SIZE ' i} . -

2

‘Mean and standard deviation data from similar tests were used to determine

L3 .

the\épproximaté number of vehicles needed in each of the fivexhighway_éegment

)

( .
groups, such that the expected differences had less than a 5 percent chance of
i : . -

being due to random experimedtal error. This anaixsié indicated that 60 to‘75
vehicles were required- in eacﬁ of the four treatment groups and in fhe control
group. A total of 333 vehicles Was‘selectéd for inclusion in the highway
test. S : ’ “~ S )

An analysis of the early highway segmént data indicated that a smaller
éaﬁ;le size would be adequate for the urban segﬁent. A total of 145 vehicles
(5 groups'of about 29 vehicles each)'ﬁas éelected for‘inclusion in the urban

‘test segment. Nine of these vehicles were eventually eliminated from the

test. The criteria for removing'; vehicle included: severe accident, break-

(3

down of vehicle, and primary driver reassignment. Data collected from these

nine vehicles was eliminated from the data base prior to analysis.

The original test plan specified that only vehicles which were assigned

to a single- driver be used in the test. However, neither NTS nor Clark County
possessed enough single-driver vehicles to meet the requirement of a statisti-
cally adequate sample size.. Approximately 50 percenf’of the test vehicles had

only one driver. The remainder were driven by more than one driver, with the
N 1 .

principal driver accumulating about 80 percent of the total test vehicle-miles.

19 . ' e
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Driver participants were not selected as such; their participation ip the

test was based upon the fact that they were the 'drivers normally assigned to

the. vehicle used in the test. All of these drivers ywere members of the NTS or

Clark County work force. The socio-educational background of the NTS labor
pool ranged from relatively little eddcation to post-doctoral education, The
participants in the usban segment ‘came from a labor force composed of junior

to senior level managerial personnel. Employees who participated in the test

received no special treatment.  Their participation jn the test was presented

"as a routine task comprising part of thelr normal workload.

3.6 DRIVER AWARENESS TRAINING COURSE

LS .

.

A review of existing training-materials found ng existing driver awareness

training plan which was both'sufficiently comprehensjve and applicable to the

f

test objectives. A Driver Awareness Training course was developed for the
project with the assistance of several experts in the field of fuel-efficjent

driving. N .
. LY

\\_

The training course was designed to be conducteq within a four-hour -
period: two hours of>classroom instruction in fuel-efficient driving techniques

followed by a t n-hour driving demonstration in an ipgtrumented vehicle, Each

‘student was given an opportunity to drive the vehicle and observe the response

. ¢
of the instruments.

A-detailed summary of -the training course is presented in Appendix C.
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4.0 TEST CONSTRAINTS
——=—12 RAINTS

‘the results. Factors such as weather, driving cycle, legal speeq limit, an4=
the 1ike sh;dld be_held constant if the trye feiatiOHShip between fuel eé°éomy
énd ériver awarenessgedugatioh is to be.accurateiy mea;ured- However, a
éﬁbgtgntiéi'prbblém ériées In such a "laboratoryn e“Virénmehtf A the test
envifonment\is increasingly.displaced from-the real (i.e., Uncontroljed)
environment, the driver’g fesponse to the tegt eﬁVifbnme“t becomes 19;5
Tepregsentative of his responge to the feal envirgnment. Farlier tesfs have
already shown fhat‘fuel ecénomy_improveménté in the 10 to Zb éeféent range. are

‘common in such controlleq environments. Al though these earlier teggq show

eXtraheous_variation-

.The opposite extreme; No test controlg Whatséever; is eéually undegirable.
Under gych conditions, it jgq virtually impbssible to obtain accurate data or |
to interprét results,

) Therefore, this Project attemptgd,to ident%fy and minimize major"éoprces
of'&nconcrolled vériance,‘ﬁithin éhe‘additionallcoqstraint that such effbrts
vdid Not require the driverg to ‘alter their hormal driving behavior except ip
‘féSponse to the training C0ur5e.and/br vacuum gaugeé, The following tést

constraintg and limitatiopg are noted: 4

%

4«1 " DRIVER RESPONSE To THE PROJECT
. any test }nvolving Or requiring human response or interactiOH, it is

always posgible that the participanesg, knowing that a test.is being conducted,
' 21° S

e

)
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will respond differently than they would without such knowledge- This phenomenon
T~

is known as the Hawthorne effect. For example, it would be expeCted that some =w§\\_
: : W ©T A

test drlvers would'interaot with one another during(the test and that informa-': -
9tion concerning the test objectives and economy-driving techniques would be

exchanged among the various grOups. This may be especially true of the

control éroup menbers. who received no formal information about ‘the profect or:

about driver aid devices. The high 1evel of driver interest evident in

<

responses to the questionnaire reinforces this hypothesis. o -

In addition it is Probable that -at least some drivers “percelving thei
overall test obJectlveS, would attempt to perform well in order-to demonstrate
their accomplishment to thelr peers, and superiors. An‘éftemptiwas made to .

reduce'this effect by preventing dissemination of test data to the drivérs o
until conpietion of the Project. It is not the presence or absence of motiva-

tion or- pressure that 1s at issue here, but rather the source of such influences.
-A driver who carefully monitors his fuel economy'and attempts to improve his':

y dfiVingihahits may do so entirely because of his own interests (intrinsic

. motivatipn)., In fact, this is exectly the response desired in this project.
The felative absence of extrinsic motivation in this test waS necessary in
order that the results WOuld show the effects of intrinsic motiVation.
Any other 1nfiuenceS would be fleet- specifiC- Theregore,‘the test managers'
were difecte& ot bovdichss the project o provtﬁ%\gerformance information or

any other type of extrinsic motivation tO ny of the participating drivers.

‘4.2 DRIVER/VEHICLE ASSIGNMENTS ;

The oniginally specified tes condition of single driver/vehicle assignments
. <
could not be completely met during the highway test segment. While most

vehicleg had one principal driver, a number of the test vehicles were driven

_ 22
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"by more .than onequrson. 'However, the nehicle milesAdriven byAtheSe other =
personnel.ere estimated to be less than 20 percent of the total test vehicle"
miles. The resultlof this mlxing would be‘to confound the affecte of the
various treatments to some extent, and to Qecrease the relatiye.dtfference%;

between the treatments. Driver/vehicle assignments* during the urban.segment

- were better controlled, and thus little diffusion w%sjanticipated.
. . . . . . I

Pl

4.3 - SPEED LIMIT ENFORCEMENT - - =

. The highway testisegment,was conducted_at the Nevada Teet éite, where a .,
meximum 55 mph speed 'limit is strictly entorced- It"is thus expected'that

fuel ‘economy improvements observed at this site will: be somewhat less that
would be expected in a normal enfercement envitonment. The average incremental
‘gain in fuel economy normally realized with a speed‘geduction from 55 to 50

mph is 'in the thcee to five percent range.\ The effect of driver education
and/or thebuse of driver aids would normally be expected to result in some
.decrease in hléhway speed. This incremental effect may be small or nonexistent

3 ‘ )

in the highway segment of the test project, since the strict'enforcement

.~

procedures of the Federal GdQernment make it ‘likely that these drivers
"normally" adhere to a speed limit of 55 mph-

/A WEATHER EFFELTS

The climate within which both the urban end'the highway segments of the:
_test were conductedkis typlcal of the arid Southwest region. Annual tempera-
tures. range .from 0'F to 115°F. Rainfall level fellow overail (four inches et_
an elevation of 3,000 feet to about 12‘inchee at én elevation of 7,000 feet),‘
but tends te occur with‘greét intensity over short periods of time. éenere,ﬂ

dust storms are frequent. Low temperatures, wet roads, and the presence of

- dust, individunlly or in combination, all act to reduce fuel economy .

23 4
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In terms of weather effects, the.éubstantiveﬂdifference which should be
noted between test pﬁases of the hiéhway segment " is that'Pha§e'}'was conduc ted
in an environment of decreasing temperaturesA(July through Jahuary), while

Phase II was conducted while temperétu:és were increasing (February through

July).
The urbar’ segment did notrrequire_Phase I testing, as the baseline data had

already been collected. Thus, the urban testing took place sblely in an environment

of falling temperatures (July thrdugh'Decemberj.

S
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5.0 RESULTS

p /.,

5.1 TEST RESULTS

e test results are presentéd using two different methods of data
3 ’ . P . - "- ‘ . v A N
aggregatiOn._Table 5-1 presents the aggregated fuel economy results assuming-

y : . . . . ~

that each~vehicle's monthly fuel economy reading is of equal. importance,

regardless of miles traveled or fuel consumed- The average fuel economy of.

-each’ vehiclc was computed for each month (monthly miles divided by monthly

gallons) These values were then summed w1th1n each test group, and divided
'b

by the number of vehicle- months, resulting- in what is termed the Average Group

-~ -

Fuel Economy for each of the test groups.

" Another equally-~ acceptable form of data: aggregatlon is presented in Table
. ™ ’
5-2. In this case, the assumptlon is that each %allon of fuel consumed is

equally 1mportant- ~Therefore, the fuel economy change of a veh1cle wh1ch

~

consumed a dlsproportlonately large amount of fuel. is given more relatlve .

importance- This approach produces0what is termed Fuel-Weighted-Average Group

Fuel Economy. . '
» - L7 -

Statistical analysis was performed ;§I§\bn the Average Group Fuel Economy

values. The Fuel-Weighted data were not analyzed statistically since there

appears to be some controversy in the statisticaf'community_as to the validity

- -

and the meaning of the results of such an analysis.

The quedgion arises as to which fuel economy value is the best estimate
M N\ N i

v

of untreated fuel economy. If it.can be established that ail of the groups

were essentially the same in terms of fuel ecodom& during Phase I, then the

best estimate of Phase 1I untreated fuel economy is the Phase I1I control\group

.

results. Comparisons of the treated groups with the Phase 11 control group
. L}

are ‘then tle best estimates of the net effects of the various treatments.
, . ;

— .
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 TABLEST
| 7EST RESULTS BASED UPON AVERAGE GROUP FUEL-ECONOMY ..
7 S '
'HIGHWAY SEGMENT  URBAN SEGMENT* P
. ' .Changei- | Difference; Background + Test | Change: DiﬁaArénce:‘ o
v - Phase| Phase !l Phasell-  Phase Il- (Phase I} - (Phase II) Background- Test-Control
| o ‘Phase | Phase | | CTest -
. ‘ ' | - Control ~ : ST .
GROUP s MPG "MPG AMPG (%) AMPG(%) . MPG MPG-  AMPG (%)  AMPG (%)
1. (Piston-Type \47 ', B o B |
Vacuum Gt_luge) 1281 1334 '053(4.1) 0.48(3.7) 11.10 107, .~040(-36) -0.14(-13)
2 [Contro) © . 1283 1286 033(26) & — 104 108" 044482  —
3 (Taining) - . 1295 1335 040(31) 049138 1018 109  077(16) . 0.11(1.5)
4. (Training plus Dial- | ' ' . ‘, i R
-Type Vacuum : | e . C , A
" Gauge) 1306 1365 059(45) 079(61) 1004 © 1068 . 0543 -016(15)
5. (Dia‘I-TypeW;cuuvm c \ g o o - : o
 Gauge) 1272 1324 052(40)  0.38(30) 1096 1150  054(49)  066(5.1)
{ o ‘ ' -
Al 1281 1329 048(37) 043(33 1056

"The statistical significance of the urban results is qualified. |
See Section 5.1.1.

-

10.93

037(35) 0.9 (0.8)
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Comparisons within each group of ¢He Phase II and Phase I results would

include these treatment effects, but the effects of such extraneous variables

.

quyeather, driving patterns, use of air-conditioning, ‘and the like'would also

be reflected in these values. Thus, such comparisons would be confounded to a
i v . T _ | |
degree,which ‘is not‘eﬁtimablé, i

If it cannot_Be established that the Phase I group fuel qonsﬁmption is

essentially the same, the Phase II control group fuel .economy canndt be.

considered as the.best estimate of untreated  fuel economy. In this case,. the

.
’ A}

only reésonable compariédn‘is between Phase I and Phase, Il for each group. WAs

stated- above, such comparisons will include the effects of extraneous Vvariables .
_ . . N

™

and thus may not accurately reflect the net effects of the treatments.
Therefore, the most meaningful results are inter~group c%mparisons of Phase II
s . M . . 4 R 5. .

il

- fuel zﬁonomy‘data, if analysis of Phase I (untreated) results establishes that

the g

ups are essentially similar.

'3.1.1 -Averapge Group Fuel -Economy Results
An analysis of variance performed on the Phase .l highway segment data

determined that no statistically significant fuel economy differences were

B .
)

found at a five percent significance level. Therefore, we cannot reject the
hypothesis that all five highway test groups dre essentially the same.

An-analysis of variance was then conducted on the Phase II highway
A . . : 7

v

seghent data to determine whether any group differed significantly from any of

- -

the others. The results of this analysis indicate that at least one group

A'féﬁowed "a significant difference from the others. ﬁ subsequent Newmaq-Kuels

8

étafiéffCa[ te'st’ revealed that all four of the‘tréated,test.groups now differed
fsigniffcantly from the control group. In other words, in Phase II each of the

four highway segment' test groups experienced significantly improved fuel

~
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*. seconomy when compared to the control group. Similar statistical comparisons.

between Phase I and Phasée TI_data verify significant fuel economy increéses

~ . -

for all four treatment groups, but, no signéfiéant ingrease for\the control

R groupf N . § ‘ : . ,~.: -
The gféatest difference in Phase II was achieved by Group 4 (training

plué dial—typé vacuum gauge);‘which obtained an average group fnel eqbnomﬁ_ﬁ.li

percent greater than that of the control group. The other three treatment

. . ‘ ' t
. groups were from.3 to 3.8 percent greater than the control group.. The

<

" observed effect of the driver energy conservation training used in ‘combination

"with a dial-type vacuum gauge was approximately twice as great as the:effect .
———————-achieved by ‘using eithér treatment alone. Ingadditione the statistical

S 3 : . R I, . N
analysis does not establish any significant difference in effect betweén the
two types of vacuum gauges tested.

While the analysis of variance performed on the Phase I highway segment

. )
~ i

data does not reject the hypothesis that the untreated groups are essentially

»
\ . hd

the same, it does not‘prove that they are the same. Therefore, intef—phase

comparisons of. these data‘are‘also presented. In.this case, Group 4 continues

" to show the greatest improvement (Phase II is ‘4.5 percent gréater thén'Phase

VI); while'the other three treatment groups: show improvements in the 3.1 ° ¢
- 4 % . CE | -
: 5 L4 : : ‘ ‘ ,) ’ . o
percent to 4.l percent range. Again, there.appears to be no difference

bétween the two types.of vacuuum gauges tested. .

K . It is also possible to compare test results by assuming that inter—phase

.

changes which occurred in the control groups accurate1y<reflect‘extraneous

% 0y

environmental and motivational factors which shonld be équally discounted from

A

the treatment groups. For example, the highway segment control group inter-
: < : .

phase improvemﬁnt was 2.6 percent. If it were assumed that the four treatment

"

e 8 &
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groups would have changed by this amount if they had not been treated,; then
the "actual" improvements of Groups 1, 2, 3, and S w@hldfhei!.S, 0,5, 1.9,‘and‘

1.5 percent, respectively. However, this approach suffers from several .

» . o . )

- proble - First ltS use lmplies that the Phase I groups are inherently

-

trent from each, other in terms of fuel economy results. This.implication

t supported by the PhasevI analysis of variance. Second itvas5umes that
the interphase 1mprovement Of the control group is s1gn1f1cant.. Again, the
statistical analySLS does not support’ this assumption. Findlly, it assumes_

that the

terzhase improvement of the control group 1s due‘to non-treatment

(i.e., envirgniental) factors which would equally affect all other groups as
wells . A iew of the questiohnaire results (Appendix D,. Question 2) shows

that 21 percent of the control‘group participants felt that they had changed

their driving habits in response to the prOJect {(versus 60 percent of the

«

treatment group participants). This could art to knowledge that a

.

fuel economy test was in.progress and/QE to the acquisition of specific

information concerning fuel-efficient driving techniques. - Therefore, the-

interphase improvement of the control - groups .can.at best be ascribed to a

combination of the follow1ng factors: random variation, weather effects,

~driving cycle effectsw the'Hawthorne effect, and the informal exchange of

'

information. about driving techniques. The relative degree to which each of

these factors affects the interphase comparisons is not known. Therefore, the

- . ’ . 8 .
use of interphase’ comparisons discounted by the control group requires several

assumptions which are, not -supported by the analys1s.' This ‘does not prove‘that
such a comparlson is wrong, only that it cannot be supported by the data.
The urban: test segment data were analyzed in similar fashion. The

»

background data analysis established: that no significant differences had

™

O

RIC

Aruitoxt provided by Eic:



existed among the.five untreated groups ptior to the ‘tedt phase, at a five f
percent'significance level. ﬁowever,’ifoa ten percent’significance level had . I?:H;
been“specified; some significant ‘differences would have been found, 'and the

. - ) T ' . ] . > \ T R .

hypothesis of-eqyivalent untreated groups would have been rejected. The
‘ . e S

¢

statistiCal testrOnly states that we ‘cannot be-certain-(with}a five percent h
or less chance of being‘urong) that the treatment groups ale"differentvfrom'the
control group._

'Since‘the'results:of the statistical analysis approach rejection of the
hypothesis, it must'be understood that the urban results are of lesser signifi~

cance and therefore of less value than the highway results. 'This caveat'is

4

reinforced by the discovery that approximately ten percent of the urban fleet
e

‘vehicles lacked sufficient background data and thuS'were not included in the

analysis of variance'performed.on.th background data- Since the problems

”encountered do not'prove that‘t 3 eiresults are‘invalid, but show onlp that'it
'.c_annot‘jstablished that - they are- valid, a dec.ision was made to includle the.
_urban results in this report. | '

On the presumption that the analysis of variance of the (untreatedj urban

s segment background data;support'the-hypothesis of essentiallJ‘equivalent |
groups, a similar analysis of thd urban test (treated) phase ‘was used to

establish ‘that at least one group differed substant1ally from the others at
“this point- Further comparisons revealed that-the dial-type vacuum gauge
-group (Group 55 differ~d significantly from the other'four groups-(including
the control group). No statistical comparisons of the urban segmenc background

“‘and test ddta were conducted because the background data for a substantial

'proportion of th% vehicles were not availablem

.

~
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_ < :
However, the results of the urban segment are Somewhat questionable, /Ahe
. L4 E

to. the problems stated above._ Further analySIS of the data 1s planned 1n

AN .r- e N . v

i

~ order to determlne whether these quallflcatrons affect the statlstlcal » R

s1gnlf1cance of the results. - ,

\ . -
<>

5.1.2 Fuel- Welghted Average Group Fuel Economy Results.

'As d1scussed in Sectlon 5 1, it is also poss1b1e to compare the test
‘results on:the basls that each gallon of fuel consumed has equal 1mportance.

This has been termed Fuel- Welghted Average Group Fuel Economy and highway

' segment results are presented in Table 5.2.. Urban segment data were not
. 4 . !

available 'in this form. Slnce there exists Some Controversy with respect to
the proper statistical methods .to be’ used w1th such welghted data no statlstlcal .

o analysLs of these results had been conducted at the the thlS report as

,Lssued://Statlsthal research”into this .and related areas is present]y being

»

. . Iy . ' . Y v - /
~_ conducted for the DOE by H. T. McAdams of Falcon Research and DeveYopment,

:3Buffalo, New York. If thls is SucCessful statiSfical analysis of these
0
welghted data may be conducted at a 1ater date and may form the baSIS of a.

[ .
Y . R » R

Lsupplemenga}y report. - f o ) . ’ ’

Y

The Euel—WeLghted Group Fuel Economy results differ in several reSpects
$

1 » . &

from the Average Group Euel ECOnomy results presented i Section 5.1.1. The

means are different and the relative differénces between-the means are
- : ) *
: *

different, within both phases and between each phase-.

- . ! o

3Ej.}'
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co TABLESZ e
i -h &
TEST RESULTS BASED UPON FUEL WEIGHTED AVERAGE GROUP FUEL ECONOMY‘
A '“H'IGHWAY‘S.EVG.MENT‘ - URBAN SEGMENT
"'“ . ¢ | Change: Diﬁ&?ﬁncé: 3 Background - Test  Change: Duﬂerence A
Phaso\I Phase Il Phase Il Phase ||- (Phase 1) (Phasa ) Baokground Tost-Control
R i Phasel . Phase Il ' o Test )
. ey " Control " e |
GHOUP + - MPG 'MPG. AMPG(%) AMPG (% MPG.. . MPG _AMPG (%) . AMPG (%
1. (Plston Type N | . : 3 o - o op SR Coe e
Vacuum Gauge) 1273 1271 -002(~0.2) 0{0) ., NA* 1049 : N/A v -072(-64)
2 (Conwol) 1251 1271 4 0200167 ——  LNA 2t MA |
3. {Training) 1288 1298 | 0.14(11) = 027 24) - N/A C 1097 . N/A o —024(-21)
4. (Training plus Dial- - iy I
Type Vacuum , ") > ‘ ' : .
- Gauge) | 1267 1337 070 (5,.?) 0.66'(5.2) ‘ N/A‘ 1082 ‘N/A -0.39 (-3.5).
5. (Dial-Type Vacuum o ?\ | : | R L
Gauge) 12.89. 1328 "gO 39 (3. 0) . 057(a8) LN/A 1194 N/A 0.73 (6.5)
, ,v : : - : . . . - & . o
Al . 1272 13.00 ‘0%(22) 02323 O NAL 1109 0 NA-02%11) L
'Not availébl_e. R - .‘ | *
l l-._,/, vt. . ’ \ ) " | ‘
y
Ny ‘ ] '.;E_) g .‘ o . |
' Y ‘
W ! | &*



If it is assumed that the best estimate of untreated fuel economy is the
" Phase I1 control group, then the ‘highway segment treatment group which achieved
B

the greatest fuel economy improvement is again Group 4 (training plus’ dial ~-type

vacuum gauge), with 5.1 percent greater fuel economy than the Phase II

control group. The remaining treatment groups experienced improvements

from aero to 4.4 percent. %ﬁhile Group 1 (piston-type vacuum gauge) did not
“improve, this cannot be considered significant, since theseagata were not

. - ‘
statistically analyzed.’ Inter-phase comparisons again indicate that Group 4

-experienced the greatest relative improvement.

5.1.3 Trend Analyses

.The:monthly fuel’economies/of each of the test groups for both test
phases’and for each of the data aggregation methods used are presented in
figures 5.1 thr0ugh 5.18. A regression analysis of the Phase I highway;
segment average group fuel economy on ambient temperature indicated that

o

ambient temperature alonelcould_not account ?or the observed effects. It can
falso be seen that while a consistant fuel economy degradation is present in
the average group monthly data, this effect is not as. evident (with the
_exception of Group 4) in}the fuel—weighted data. This appears to dindicate
‘that such degradation (probably primarily due to a combination of dec;easing‘
ambient temperature and tune-up degradation) is more prevaient'in those
vehicles which consumed less than thei~ numerical proportion of fuei and -
hence, had iess effect onvthe fuel-weighted data.

It is also observed that nany of the figures indicate a iinear'or exponential‘
decrease in Phase II fuel economy. This may»be.indicative of a gradual loss

of learned 5kills, loss of interest,,or a diminutfon of the Hawthorne Effect

over timew It could also reflect the effect of tune-up degradation, although

33
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" this by itself is not considered a very'important'factor during'the time

period in which the test was conducted.
In summary, the trend data’ indicate some interesting although somewhat .

cpnflicting time effects. ’ Other than attempting to correlate fuel economy

~

with ambient temperature, no further statistical analyses of the trend data
had been undertaken at the time this report was issued. ‘ " ' -

5.1.4 ] Other Test Datav

- \

As a result of the data collection required for the.analyses discussed in
Secti0n 5.1.1, it was possible to aggregate the data in several different
' forms and to provide additional test data'which were not directly related -
"to the primary\test objectives. These data are presented in Appendix Ep

5.1.5 Summary of Statistical Findings

The;$esults obtained in the Driver Aid and Education test project generally
establish that a program'of driver energy conservation awareness training com-
bined with educated use of a dial-type vacuum gauge can result-in measurable l
and statistically significant'fuelveconomy'improVement in‘the area of five
vpercent{ Additionally?'the test results indicate that driver awareness
.. training alone or the use of a nacuumngauge alone~can’improve fLel economy,
although the magnitude-and statisti;al validity of these improvements are,less
substantial than the improvements‘obtained through the use of training in
conjunction with the dial-type vacuum gauge.'b
. It must be noted that while the test results'suggortfthe hypothesis that
' use of driver energy conservation training and/or use of :a vacuum'gauge.can
.result in meaningful improvements in fuel econony, these findings do not
conclusively EEQXE that such a relationship exists. VWhile such a_relationship

" appears. to have existed in the test.under discussion, the results obtained do

not warrant generalization to all fleets and driving conditions.

34
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‘Only a portioh of the large body of ‘data collected during the test project

has been subjected to rigorous review and statistical analysis. Further - .

examination of these_déta may establish relationships which had not been. -V
verified at the time this report was issued. L - . . o L%
. ; . -
N
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r
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Flgure 5.6
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542 DRIVER QUESTIONNAIRE RESULTS

The Driver Questionnaire was administered to all highway segment

participants at_phé end of the testing program. Participants were instructed

to answer only those questions pertaining t§ their group’s adtugl test partici-

a

pation.. The questionnaire and a summary of responses are found in Appendig}ﬂf
o . - 7 _

o, This discussion focuses upon those questionnaire responses which are most
%  relevant to'tﬁe overall.test objectives- L

? 5241 . Overall Assessment of‘Prqject Effectivehess )

% . Allvhighway segment test parti;ipgnts/iﬁd control gcou; members-were

.w”@mumaskedwﬁo“nequndmLO—{his-section of the questionnaire. Fifty-two percent of
the respondents reported that they,ﬁad-changed their driving habits as a’
result of this program (Qﬁéstion 2), anq 52‘percent stated that they
have continued to practice these change’s (Questibn 3).

SeQenty;Seven pércent of the.participants felt that the driver aid andi
educétiop teét project wasia worthwhile endeavor (Question 7); 18 percent of |

the respondents did not feel that the projeét was worthwhile, and five percent

qusgion. ) " - ' T . ' (//

-

)

l\jhAid not respbnd to this
Despite the féct‘that all possible attempts were made to %liminate
extrinsic motivation as a test variéble, examination of the driver questionnaire
results supports the'supposition th§t the Hawthorne effect may have beeﬁ
present during the test. For examplé, asked if»they had changed their driving
habits as a result of this program (Question 2), 21 percent df'the &river§‘167
tﬁé\contfol group answered yes, cbmpa:ed to 60 percent of the respondents in

the treatment groups. I

56262 Assessment of Driver Aid Devices - - - }\
This section of the quesfionnaire was compléted only by participants who

had used either the dial-type vacuum gauge or the piston-type gdugee Fifty~
i . .
i 4

Foo

.{ \J\ v ’ S




eight percent of the respondents using the dial-type reported that use of the

-

gauge caused them to change the way they drfve, and 36 percent of those using.

the piston-type reported a change in driving habits (Question 21). Sixty-six

percent of drivers_using the-dial-type felt that the
save fuel, and 46 percent of those who used the pfston—
device was helpful in fuel conservatign (Question 2).

Fifty-nine percent of drivers using t%e dial-type sa

evices helped them to

type felt that the’

they would like to

.have'the‘device remain on their car,'while 27 percent of those who had the

piston-type would like to have it ,remain (Question 20).
had used the pieton-type recommended that it be install

and 47 percent of those who had used the dial-type reco

tion (Question 11).

Jenty percent who
d on all NTS vehicles,

mended such installa-

Some of the att1tudinal difference between dr1vers u51ng the d1al type

vacuum gauge and those using the piston-type gauge appears to be attr1butable

to qualities inherent ‘in the .specific .type of device which was‘used,-rather

than to vacuum gauges in general. For example, 66 percent of the driyers

using the piston-type device reported that their gauges required replacement

due to malfunction @S the course of the test, while 4 percent of the dial-~ type

devices malfunctione

and requ1red replacement (Question 8).

Drivers using the dial-type device apparently had no difficulty in

reading the gauge while driving. This was not the case with those drivers who

used,the pistbn—type. Fifty-four pereent of piston-type users reported that

.the device was a distraction; 18 percent of dial;type users found the device

distracting (Question 14). Drivers were asked if any '"'mear accidents" had

sresulted from use of the vacuum gauge.

.Four of the respondents using the

piston-type device reported '"near accidents"; no "near accidents" were attributed

. 55 71/»



to the gaugé by users of the dial-type device (Question 15). 1In addition, 81
percent of d;al—type users felt that the,vacuum gauge could be used effectively
at night, while 25 percent of those with the'piston—type said the gauée could

'

be used at night (Question 24). T : (

5.2.2 Assessment of Training Course . ‘ .
Test participants who had received the driver traiﬁing course were askedb
e to evalﬁate’the impact and effectiveness of the course. “The Coursé was given
a positt assessment by the majority of participants: = 81 percent reported
that the training course had aotiéaned them t; drive their fest vehicle more
' fuel»efficientlyfw9i<;ercé;t~félpmthat-LhewgourseMhadmalsoqmdtivateddthemwtqw_ﬂ-w,
drive their pergonal vehicles more fuél—efficiénti?; and 84 percent reported
»;hat they continue to practice fuel—cﬁnsérvafion driving techniques learned in
the training course (Quéstiéns 1, 2 and 3). |

Seventy—eight;ﬁefceﬁt of the course participants thought the course

-

should be given to all NTS drivers; ldipekceht Hid not recommend that thé

course be given (Question 7).
Eighty percent of those who had participated gave the training course an
overall rating of '"good" or "excellent"; 14 percent rated‘thg course "fair,"

and only five percent gave-an evaluation of "poor" (Question 8);‘-“

'szfj‘ Questionnaire Summary

The results of this' questionnaire indicate an~overall positive response

to the Driver Aid and Education Test Project. This is most evident in'the

Y

assessments of the driver training course. The majority of course participants

indicated that the training courgse was a valuable source 0f fuel-conservation
* . (] .

driving téchniques and a positive influencé on personal dri&ing habitss

N
v




s

. .

Respéhée to. the vacuum gauge driver aids varied according to the type of

vacuum gauge used in the test. The dial-type device was judged to be an

effective aid to fuel-efficient driving; the piston-type gauge received a

». generally negativg response. This difference appears to result from a combina-
tion of frequent malfunction and difficulties in reading the gauge which

occurred with the piston-type device. .These problems were not encountered by

these participants who used the dial-type vacuum gauge.

S

. . o | \f
ERIC .

Aruitoxt provided by Eic:
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6.0 OBSERVATIONS AND CONCLUSIONS

The following observations and conclusions, listed in order of importance,
are based upon analysis of the results obtained from the Driver Aid and |
.Education Test Prcject.

6.1 The results obtained in this test project provide suppor:\faf‘the
hypotnesis that measurable and statistically significant increases in fuel
economy canlbe achieved by the use of a driver energy efficiency awareness
training course or a manifold vacuum gauge, or by use of the training "in
‘conjunction with the manifoldlvacuum gauge. ) : .

The fact that fuel economy improvements were also achieved in the.
untreated control groups indic;tes that some additional factor.may have an
influence on achievement of improv fuel economy.v While improvements in the.
con(rolwgroups were of smaller mdgnitude than those achieved in the treatment
groups and are not consideredusfatistically significant, these results indi-

a

cate that sheer awareness that fuel economy is being measured may result.in

o’

driving behavior which is more engrgy-efficient-

A ‘ .
It is highly probable that achievement of improved fuel economy is

)

strongly influenced by the extent to which an individual driver-is motivated
to save fuel. Provision of driver training and a device which provides fuel
economy~related information can convert this motivatioaﬂdnto real fuel economy
improvemehts. However, an individual who is not motivated to save fuel may
achieve no- improvement, regardless of training and/or the'vacuum gauge.

Peer interaction occurring within the context of a fuel economy test may )
provide a significant avenue for exchange of- information about the objectives

'\

of“thE‘test;'thuS'enhancing motivation.” Such interaction may also result in

[

exchange of information about methods for improving fuel economy.

~ .58
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6.2 The results obtained during the highway segment of the test are
¢ L}

- considered more meaningful than the urban segment data. The validity of
the urban segment results is questionable for several reasons: A substan-

-
« N .

tial numhgr of vehicles were nét inciuded when analysisuof vapigncé;was
éerfnfmed on the urban background data and the urban groups barely met

the critefion}for inter-group similarity; the training progrémipresented
to the urban segment drivers wés different th?n‘the program used in the"

highway segment; and the urban sample was less than half the size of the
highway segment sample. ' -
A - - -
- : While these deficiencies do not conclusively establish that the

P

urban segment results are invalid, theyacertainly imply that the highway

segment results should take precedence in making generalizations from the

findings of this project.

6.3 Review of the monthly trends in group fuel economy indicates an.

apparent degradation of motivation or of behaviors learned in the training

A
course for most of the treatment groups.

’

‘Depending « n the method of data aggregation used in analysis, the

trend results could suppoft several conflicting hypotheses, including .the

. v 7
presence or absence of tune-up degradation; ambient temperature effects;

or the gradual loss of learned fuel-efficient driving habits.

Since the trend dagd has not been subjected to statistical analysis,

it is difficult to generalize from it without citing one or more exceptions.

- s

. 6.4 Comparisons of the d%?l—éypé and the piston—type)vaéuum gauges

.

»

made using the Average Group Fuel -Economy method of data aggregation show
’ . . ! ' : i L .
that both gauges achieved similar, significant increases in fu&ﬁ,economy
. { A N

0

N

. : g ' .
in the highway segment of ‘the test.. The urban segment results, while of

ERIC '

Aruitoxt provided by Eic:
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N . N

less statistical 1nportance, indicate a clear advan%age of the dial- type
K .
J .
as compared to the piston-type gauge- Nonstatfbt % 1 comparisons using

the fuel—Weighted methgdﬁof data aggregation also iﬁdieate a strong
advantage'for the dial4type gauge. However, the statistical analysis

conducted indicatesAthatjit is'not possible to rejeqttthe hypothesis that

e / T :
PR

-the two gauges tested were equally effective.- . 1

‘tesﬁxphases, ‘and to relatlve diffioﬂﬁtyhfn interpreting the p1ston maovement

and its lack of range.

~driving techniques.

Q

ERIC

Aruitoxt provided by Eic:
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6.5 The results of the driver guestionnares ﬂpdlcate that drivers who
5 ya ) 2. SR
used the dial type gauge gave a pos1t1ye overall re'

*
,‘ - S «

twice'as often as dr1vers who had used the p1ston—ty$§ y Th1s may be due in

o
\ L

part to the frequent mabf nctlonin of the p1ston—type gau e throu hout the
// % g - g g
IR S -

.

6. 6 Changes were made in the content and presentatlon of the tra1n1ng

3

course‘between the highway and urban segments, making it impossible to

obtain adequate measures of the relative-effects of the training course
. . -, M ' L

with respect to dtiving cycle. ‘ . o

-
i)

N

as measured by the piston-type vacuum gauge, and relative'fueiueconomy.

Thus, FER cannot be considered as a>meaningful measure of fuel?efficient

>~

. i\‘
L

60

nse to the gauge aboutl

6.7 No group correlation was found between/;ﬂel effi;iency ratio (FER),



'shou'ld be .considéred ‘onl_y in con’nction with a formal program to mOtivate and

7.0 RECOMMENDATIONS . - - Y

‘Based ppon'the results of this test proj%ft,_the following'recommendations‘ [
. o , - : . ‘ ! i
e : “ 8- a |

-are offered: , iy : e . o e .

# . b - . . 9

7.1 GENERAL RECOMMENDATIONS . . - e , o o

e

7.1.1. The immediate installation of vgcuum gauges alone on additional

<

A - : oy . sl . : o
'%overnment'vehicles is not recomended at thfshtime; Use of vacuum gauges

e v A

train government drivers in driyer energy’ conservation avareness techniques,
R B PN )
and the gauges should only be used as a driver tra1ning aid. _ ‘ -8

I

’.

.01.2. It is" recommended that the Department of Energy provide contin;ed

‘.support for . res A ch in the area of fuel—efficient driving, techniques.

. existing technology, and the interest in fuel economy e&emplified by the

';'parameters that may assist in.explainLng data inconsistencies or obServed

4

‘ is recommended specifieally in the areas of statistical metho&s, driver-
of fuel economy with driver characteristics and job assignments, and other'

anomalies.( : - | . - B . 34,

S?ecifically, qu stions of. optimum acceleration rate, braking, turning,
B m B

stopping, hill climbing and hill deécendlng should be investigated tOhdetermine o ‘

f ~ v 2 » LIS |

the dptimum techniques for use in driver energy aﬁareness training curricula.

h '

‘This type of . research*aetivity has -two-fold importance. the research can CoL .

o ) o : ; N =
provide useful informption for energy conservatiOn and policy decisions using
v R .

%

-~

R S E .
EE 3 .

v‘projects will provide an example of’ energy conservafion agtivities which could

o : s Lo w..f - B

o

vbee ursued b other hicle fleet ) erators. .

3.

a

;f'é '7;1.3.‘ Furtherganalysis of the ‘data collected during this test project

Lo
Soe -
v .

. ',

[
# 14 ¢

chartactéristics, vehiole characteristics, the Hawthorne effect'“correlation‘***“‘“'““”“

. 0’, . . 1 x

-
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1

-

~

- . J-le4. " 1t is recommended that the Federal Government consider-institution

a “

of the requirement that all applicants for federal driver's licenses (both - *

LY
-

government employees and government contractors) complete training in. driver »
energy.. conservation awareness prior to licensure. .} - | - »
7 74145, _Ia=is recommended that'a‘teaching textbooh be prepared for~ .
vehicle fléet.operétors. This ‘text should also be suitable for use by
the public Gchool“system and the general public- . - | -

7 l.6. It is recommended that further research in human factors be

LY
.

initiated in order to develop more efﬁective methods of providing audio/
1 .
S visual/tactile feedback to the vehicle dr1ver, facilitat1ng fuel—efficient

driving behavior.

7.2 SPECIFIC RECOMMENDATIONS . - e
. Lo L T - T
7 2. 1._-It ia recommended that’ the Driver Energy Conservation Awareness
e - L o -
Training ke continued, and expanded to inglude all Government-licensed:

drivers at the Nevada Test Site and the Nevada Operations Office in Las

. @
1 Lo~

Vegas, Nevada. - ‘e l
sy, 2 s 2 CT . .
7.2.2. It is recOmmended that all lightﬁduty vehicles ‘at the Nevada Test

’

~“Site. be instrumented with dial type ‘vacuum gauges, but only in conJunctionnwmqu"‘

~Hoe with dr1ver energy conservatlon awareness tra1n1ng. o , : i
. \ » ; ] . o »

RS ' 7 2. 3- 1t is recommended that fuel and mileage records be.keptfon all ,
. g . . N
light duty vahicles at the Neéada Test Site, in order to monitor the effects o o

of driver training.v o, _ ‘ ;b, . L : ﬁ_mw_ e

7 2 4. It is recommended that driver energy conservation awareness

d
;raining methods be’ further refined and modified to suit the specific dr1v1ng

environment and types of veh1cles used at the Nevada Test Stte.

' v
, ' :

J » . . . . <.

y 7
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. A o GLOSSARY

Analysis~of Variance: A statistical technique used to détermine the extent to

A

which each of several: 4ndependent variables has contributed to changes observed )
in the dependentuvariable. “In the Driver’ Aid and Education Test Ppoject
analysis of variance was used to.determine whether the use of a vacuum gauge
driver aid and/or participation'in a drivet awa"ums training course (indepen-.
dent variables) contributed to changes in fuel economy (the dependent variable

L | . -

in this test) '

(1&Verage Group - or Average Fléet - Fuel Economy The term used to represent

,the'aggregation of fuel economy data on a group or fleet basis, which implies
“that each vehicle is equally important to the results, regardless of distance

traveled or fuel consumed.

"DOE: The United States Department- of Energy.
DOE/HQ: Department of Energy Headquarters, Washington, D.C. . v!} o
- ) . 2 ‘ ‘\

DOEZN ¢ "The Nevada Operations Ofiffice of the U.SQ'Department of‘Energys
DOT' The United States Department of Transpgp?ation._
DOT-TSC: The U.S. Department ‘of TransportatioL Transportations . Systems

Center (Boston, Mass.).

Driver Aid Device: ‘Any mechanical or electronic device which is used to~

provide the driver with information about engine or vehicle peformance related
» either directly or indirectly, to fuel economy. ‘Driver aid device as used in

. this report refers only to the~manifold vacuum gauges used.in the test project{

[y

Dynamometer: An apparatus for measuring the mechanical pOWer output of an
- ‘ - . - . ~ - 4
engine or motor vehicle. . ~ .

RN
-—

FER: ~Fuel Efficiency Ratio. Defined.as the number of low-vacuum events
) f . ‘ ’ '




divided by the number of engige'stérts observed during a given driving sequence

@
N

as méasured by the piston-type &&cuqm gauge used in this project.

Fuel-Weighted Average Group:~ or Average Fleet - Fuel EcdhOmX; The é‘rm used

to represent the aggregation of fuel economy data on a group or fleet basis,

which implies that each gallon of fuel consumed is equally important to fhe

0 ' S

results regardleSS,of which vehicle consumes the fuel. Hawthorne Effect: The

’

term used to refer to the observed fact that when human subjects are in a

a

‘research-project they may change their normal behavior because they perceive.
that this behavior is being tested or evaluatéd. These changes in behavior
may. either enhance or detract from the real effects of a specific. treatment,

thus confounding the results.

Light~duty Vehicle: Any vehicle with a gross vehicle weight (GVW) rafing of

less thén 6,000_pounds.

Low-Vacuum Event Counter: A fgature of the piston-type vacuum gauge used in

- this’'project. It records the number of times that the engine manifold vacuum

'drobs'below a set values

19 C . s
Manifold Vacuum Gauge: A device -which”measures and‘displays_the value of
eng‘%e rnt ake manifoid vacuum. ~ High manifold vacuum (i.e., low absolute
’ n o Y

" manifold pressure) is‘generally associated with low ‘pawer output and high fhgl

s~

economy.
'MPC: Miles Per Callon. The number of miles traveled'per‘gallon‘of gasoline

consumed. . . o _ . ,

a 0

Y
4

MPH: Miles Eer Hour.,
Nﬁ%:\ The Nevada Test Site. A Federal reserve operated by tbg Upgited States
. N B S N ' .o
Departmeqt of Energy, aﬁggdximately'65'miles No:thWesE of Las Vegas, Nevada.

~Odometer: An instrument for measuring the distance traveleﬁ by 3 vehicle.
- e ) y . &
N > -,
- . r" v N . .
R 65
( . , . .
.'. 4 o : y ¥
e . ’ 5 /
O s v ) , »
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a

Random Variation: The opposite of a "significant" variation, this is the term
:applied‘to results whish have shown upon statistical analysis te have a random’
probability of five-percent or more, indiCating‘that the result in question

could have occurred by chance, rather than in response'tc a specific treatment-

[N 2, : .
REECO: Reynolds Electric and Engineering Company, Inc., an NTS contractorw

-

Significance Level: A term used to indicate the probability that a given

"result did ot occur by chance. For example, a significance level of .05
' 1ndicates a 95 percent probability that the result-in question did not occur L
by chance.

Statistical Significanceﬁ When test results are termed "stat1stically significangﬁﬂ

“this ‘means that the data have been subJected to stat1st1cal techniques ‘which

.

permit the researcher’ to reJect the hypothesis (with a. 5 percent or- less

.chance of being wrong) that these resulsts have come about by chance.

. ’ . .o . . . [
Significance Test: The mathematical procedure used to determine the probability

P
~

that a'given result occurred by chance.

TEC: The Division of Transportation Energy Conservation, a-division within

>

" the United States Department of Energy;

N




a

B,



»

—~—,

Figure A-1 -- Typical Vehicle Characterization and Checkout Sheet® o
R ) ‘ - ” . . -
FUEL ECONOMYvTEST-— LIGHT DQIX VEH;CLE?

TEST VEHICLE SPECIFICATIONS AND-PREPARATION

-

SPECIFICATION LIST .. CHECKLIST

Date » . o "~ _Engine 0il Level oL
Car No- - . . Coolant Level R
Year and Make o . ~__Transmission Flyid Level -
-Model & Body - Belts and Hosed - Tight
Vehicle I.D. No. ‘ . 3 Emission Controls - Functional
. Productiom ___  Other. : y : Choke Operationsg

Engine : Disp. ‘ e Throttle Operations ° ‘
Net H.P. Comp. Ratio. S . Pump and Nozzles - No-leaks -
Engine No. . Ignit%on Wires - Tight ‘

~Carb. Type & No. ' - e : Brake Drag — Not Excessive
Distributor No. . - ’ : : Transmission Operation - L
Exhaust System Type . " ‘Tire- Pressure and Condition. .
Transmission . : Engine Tune
Rear Axle Type & Ratio ' : Ignition-Timing T

. Brakes - Front Rear e Idle RPM___ Idlé Co.
" Steering . o Ignition Point Dwell .

Tire Make : " Size ' Wheel Alignment : ;

’ Load Range Type_ . o Air Cleaner = Clean ‘
Cold Inflation - Tire Pressure A/C Compressor Lead - Removed

~LF RF ‘ , , No Fuel Leaks
: LR, ‘RR S . Manifold Head Valve
Test Weight : , Fan Clutch
. Tires must have a minimum of ;

100 mile (160 km).‘Break-in . .

GHECK OPTIONAL EQUIPMENT : ODOMETER ACCU§§CY o

T l Power Disc. Brakes ' © Actual Reads
Power Drum Brakes o ' '
Power Steering . - . COMMENTS:
L - Alr Conditioning .
- Radio '

Power Seats - ’ - i Lo
Power Windows ' ’
_Power Door Locks

s’

-

———— e —

TEST FUEL SPECIFICATIONS . . -  CAR CHECKED BY: -

| ... . ‘. . 'Dpatgl .

. Fuel Type and Grade = . = i L ' ‘ - P
Gravity (API or Specific) * - - .7 '
Reid Vapor Pressure ' PSI (Pa)

* & ~ LR n
Completed at the beginning of Phases L.apnd 11 ‘
®",‘. S RS : o e ' A2 . . . ‘;

o e . S
\‘1 ‘L"’“ _ f L -{ d - l}.'_j_
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\\\\—”/’f}gure A-2 -- Typical Vehicle Operdting Profile Characterization Sheet®

, " VEHICLE PROFILE : :

Month Vehicle Number

Y

PLEASE. CIRCLE BEST ESTIMATE

l.; Number of .drivers assiéned t this vehicle.

1 - 2 3 or more

2. Average number of'paésengers (excluding driver).
R _ X

.0 N 2 3 or more

L3

5. Major:drividg pat:érn:
a. Slow speéd (15 to 35 mph) Stop:and’go ,
b. Moderate speed (25 to 45 mph)'few stops

. Co High speed (40 mph and up) few .speed changes

4. Was ai;_éonQitioningdﬁsed (pércent of tiﬁe)?
0% 10z 204 30%  40% 50%  60% 70%  80% 90%  100%

. a
I

,5., Were heavy loads (in excess of 100 lbs.) hauled (percent of time)?

0% 107 20% 30%° 40% - 50%-  60% 70% 80% 90% 100%

. '[ L "* ‘_b.

—— N

<

. *Submit this vehicle profile sheet to your Administratije

. -
| . .

0¥fice within 4 working days following the end of each month.



Characteristics

Vehicle Size

Compact
Intermediate
~*and Ful ¢

Pick-up Truck

Transmission Type

" Automatic
Manual

Air Conditioning
Ogtion
Air
No Air

. .

GROUP ASSIGNMENTS B

t

)

~ Table A-1- Highway Test Seggmnt' .

Y VEHICLE CHARACTERISTICS

L

L% .
Group 1 Group 2 Group 3 Group 4 | ~ Group § Total
. -, . . .
| (Training (Dial -
[Piston Plus Dial Vacuum
Vacuum Vacuum Gauge) o
Gauge) (Control) (Training) Gauge) o
t ' ';{,"
11 10 10 ' " N - 53
8 8 10 9 7 42
45 45 ‘48 45 48 231
B
61 60 63
3 3 5
54 52 54
10 1 [ 14




[

\

Table"A-Zv— Tally of Highway Seg‘it Vehicles by Characteristics

)

| ( . / INSTALLED R
VEHICLE TRANSMISSION AR NUMBER
_TYP TYPE | CONDITIONING | OF VEHICLES
{Dompéct 'Autométic o - Yes o 53
Intermediate a ‘ o
-and Full Size Automatic . - S 1
Intermediate - o
and __FuII Size- Automatic Yos | . + 41
Pick-up Truck Automatic u | No 44
Pick-up Truck Automatic - Yes 168
Pick-up Truck Manual No- 14
Pick-up Truck ‘Manual Yos- : 4 -
- []
\ CoToTAL 326
. L3
QC'> ,
U




ERIC

Aruitoxt provided by Eic:

Table A-3 — Urban Segment

GROUP ASSIGNMENTS BY VEHICLE CHARACTERIST‘ICS

~

r

Characteristics . . : ) - . )
B Group 1 Grlup 2 Group 3 Group 4 Group 5 Total
, = . . _ L
\% . (Training (Dial
(Piston - Plus Dial Vaguum’
, Vacuum - Vacuum Géauge)
.. Gauge) {Control) (Training) Géuge)
Vehicle Size
 ;icompact 16 15 ERT 15 15 7w
Intermediate k4
and Full 3 . 3 3 "3 e 2 18
1/2 ton Pick-up truck 7 7 6 8 7 ./ 35
3/4 ton and 1 ton . , ‘ e
Pick-up truck 4 .4 "B 3 4 - 20
Transmission Type h
Automatic 27 - 27 27 - 25 Y33
Manual 2 2 .2 L2 10
TOTALS 29, 29 29 - 27 T 143
- ~ :
, .
’ A
. ’ / ’
¥ v
: L
P ¥
4 )
L] ' s
s e
, .
: [} ~ : '3
R . e \(‘ . A6 R s N \ﬂ
Ay / . ’
- kN .
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" FIGURE A-3

e S " SAMPLE - N

a) = N ) / !

TEST VEHICLE DRIVER’S LOG*

< Month R :
voe 7 & ' .
"Vehicle No. : . o ©
. ‘ . . , | , o

. Odometer SR Driver
Gallons , Reading ~ Date Station Initials

-
. e o r
v
. .
)

. .

. .

e . ‘ .

- —
. .
t ° ’
. .
-

o . . . N
. ‘
. . !
badh?
Ve . .

N .
. .
a2 -
. @
. .
. .

s : e - - ' , )
Lo \ . . . )

*Submic this lbg‘sheet'cd your Administrative 0f£;:Z‘GIrh¢uwv
4 working days following the end of eachymonth. o
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s K T . -
. i . .
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) \ .. - . APPENDIX B E
| TEST SITE CHARACTERISTICS - S , ’

" QQ: hlghway segmehﬁ of the test was conducted at the Nevada Test Slte,'

.(‘f.

a Fedefal facillty operated by.- the Department of Energy approximately 65 m11es

northwest of Las Vegas, NeVada. (Figure B-1.) -The test site encompasses a

contiguous area of approximatelyll400 square miles, a major'portion of which

. .o ’ B . :
consists of flat'or'rplling desert area, but some of the site is mountainous

°

v;terrain with extreme road grades (Figure B- 2) All ‘main roads withln—the NTS

- are two or: four lane asphadt paVed ahd in good to- excellent cohdition.

S

{Typical driVing w1thin the area consists of trips of 10 to 30 miles, wh1ch is

Simllar to most highway travel on public roads.

- . e ) S ,

Loﬁal weather {s" typical ‘of the surround1ng desert' usually dry,

with infrequent intense rainfall winter snow at the higher altitudes, ‘and
A .

- - A

substantial changes in”diurnal temperature. Average annual precipitation

ranges from 4 to 12 inches, depending'upon elevation. 'Annual temperatures'
\\fange Sfrom’ 0°F ( 180c) in w1nter to 115°F (45°C) during the summer. Mean

temperatures for _the project period are presented in Figures B- 3 through

L . . : . © e
‘: B_S.' . X I’ .t e . _“ o

-

Windaspeed'at the site is»usually low'hecause most of therarea is

protected by mountains- Prevailing winds-are frométhe northeast, with ‘an
: .

" average speed of 7.2 mph: Wind: speed is higher 1n the unprotected areas of the .

ireserve, and Wind~blown sand is a frequent phenomenon 1n these areas-

t
‘ .

The urban tesgt segment.was,conducted within the environs'of_Las Vegas,
: ’ . o : Lo "
Nevada. This area is representative of a moderately congested urban driving
environment,.hith tréff%é‘concentration occurring during morning, noon and
evening_rush hodés,' L;s’ﬂegas is more.compact than most cities because |




B . ,\

S L M, : ‘ B [ N ’ T
> .. . , . L . § ) . /gﬂ . S e e ) . : u”’”}“
: ’ - ’ ! . T 3 i L

: “ ",‘ N
'

. 5'

Suitable building and living Space is: determined by available W&ter Supply.l

i)
\Consequently, almost all of the 1nhabitants live and: wofk within the city

H r

limits. Driving in‘this segment was. typically che short, in-city tr@ps of

..the Clark Countyginspectors, managers, and, SUPerﬂTEDrs. .i¢j ‘
i ‘ v . ', . .
Weather conditions in Las Vegas are Similar .to those at- the Nevada

LJ 4
u,L . | . ,

Test Site, although average ténperatures are gomeWhat higher and diurnal

.extremes smallema

r_;peeds.are-gfeater Fhan\BF‘tEe'NTSl Prevailing Wlnds are from tﬁéusouthwest,_?fi

.
a

* - ’ ,>. P .
. with an average speed of*9 pph. Rainfall in the city is low, 1nfrequent¢?3ﬂa.

IR

often interse. No measurable sﬂOWEall occurred in the area during the test

- : : . . DA
period. 4 . . . . - e ' A \/‘7(7 .., " o - , m», _, ;' . ?“
~ , v ) « & © ' o o ’
Eigures ‘B- 6 and B-7; respectively, illustrate typical dfivinq\ !
'environmentshat.the highWay and urban tegt_sites. . BESERE .-
5 . , . ‘ o
’ . , A N s a0
- oo
4 - a » v
: ’ - . .
) ) x . N ‘ r\,
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- presentation which included an int:oduction describing only their_part of the

- . 5 Ceal
N . ' N T . t ‘ . Do ' ' N

L .. . . . 4 3 . oo N : w Ny q i ' 4.,,3‘
- S A .’ SUMMARY OF DRIVER'TRAINING -~ . . . '+ - ,*;4 T
,',4' . ", L " ) ‘ ) D s . : ‘_:‘:4».‘ .
= , | A\ o S
BACKGROUND 4 ) . - . .‘. | . o - N ) L NU‘ Ce

All uyrban and. highway segment test drivers in Group 3 (training 0n1y)

S \

,and‘Group 4 Ct iﬂing Plus dial.vacuu gauge) attended a training course |

"designed to educate them in. fuel—efficient driVing techniques- The-training

»

. course was'develqped'by REECO training perS@ el at the Nevada Test Site with

'the assiStanc'e Of FEA personnel an& Mr. Robert Allen (Meﬁonnell‘DOUglas

- K}

I

‘Company), an expert in highwaywvehicle fuel ConServation techniques- .
- » <. .

Development of the training course required approximately five months

(September,~l976 tO January,. 1977) A WorkShOP and pllot demonstrat'ion‘,of_ '
A S 4 ¢ . SO -

the_courSe were conducted at DOE offices in Gérmahtown, Maryland, im early -

January, 1977- Approximately 20 partieibants from industry and Federal, state
, : . A . _ T
: - P L X ' . - . . ¥
and local governments attended.. A refinement of the course was based ypon
. T ; ¢ ‘ .
e . 4 . - R ] o ,
this workshop/demonstration, incorporating the suggestions supplied by 4

S ’ 4 ' . o . , e ‘
‘participa'nts- . R 4 B : ) ‘ - v \

L

W

The traiﬂlng course presented to the highway segment participants wa\1L ﬁ

4
’

a four hour_pfﬂgram- Groups of 20 students Were g1Ven a two hour dlassrooﬁ

ot

o -

test, description of various fuel—saving driVing techniques, class Parei- @
)

clpatlon in ranklng theSe techniques,: and two films demonstrating the effects,

ro

of both efficient and 1neff1cient driving teChniques- Each student then Spent'
4 ¢ -

,app%oximately two houre\in,an instrumented vehicle. .- Part of this time was

. '\f . \J"

>

.spent as . a passenger, Observ1ng the responses of the 1nstrumentS, and the'

reminder was.?P?nt actually driving the vehicle-_ Following the iﬂ*Vehicle .

- : ' .
£l . o . ot

-



- H g y e
”progfam; the students attended a half-hourQSession, at which time the course '

’ . —_—

- Y Lo o . » . <
was summarized, results of in-vehicle tests ‘were presented, and each student
' was requestea to-complete an’evaluation.of the course. .(\
The urban segment training course_was Slightly modified from the

highway segment version described above. The course was shortened to three

s

“hours, class size averaged nine students, and a pre-instruction, in-vehiile

;test”was added to the presentation.

DETAILS OF THE TRAINING COURSE . . e W : _‘X ,
1. Slides on Fuel-Efficient Driving Tecﬁﬂigues and Energy CoﬁéerVétidh
- | : K 7 7
Awareness !
>

Approximately~60 slldes were Shown and discussed during the ClaSSrOom

demontration-_/Slide toplcs included air and tire drag, Cold startS,
acceleration, engine and vehicle size, vehicle speed effectS, carburetor

function, effects of'engine wear,4Viscosity of lubricants, and typéS of

»

'instruments and gauges available. Additional slide topics 1ncluded the energy - 'EZ\\

cris1s, maintenance methods, and other subJects of related 1nterest~ This

7

-

presentatlon was des1gned to establish awareness of the ‘energy crisis and: to \\
N X i 5
_ promote methods which each’student could use to improve his vehicle fuel )
* - ) ) “ . . . ?
. . I ) : “

economy. _ . o
» ' '&- - - s ‘- . . - ! N . N
2. Group Participation ‘ ' v -

, -
-

-

=~ Each class was divided into small»workiﬁg groups. Every group Treceived

a packet of 50 cards, each of which expressed a fuel‘conservation idea. The
- : o

groups were instructeq to discuss eeghhiQed and arrange;phe cards 1n order of

‘relative importance ‘according to group consensus. -Fach group’s ranking.was
Py . . P . . : ) - : . K

then discussed with the entire class. This method was used to stimulate group
discussifon and to assist the students in formulating questichs. - o . -
C3
10
O
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3. Films:

e e

"

Two films were used in the hfghway segment training course: o ¢

“Featherfoot," by HoneyWell Inc. (30 minutes) was presented at the beginning

-

of the course, and "Saving Energy on the Road," by Ramsgate Films (15 minutes)

- . 'v*?
-

was shown during the final session. Subsequent review of the training course
indicated that :the two films used in‘the'highway segment were somewhat redun-

dant. Therefore, onlyv“sabing.Energy_on the Road" was presented in the %rban f

£ the course. I . , ' :
segment of e . _ . , ‘ _ -
4. Carburetor Model

A Rochester four barrel carburetor was used as a teaching aid durimg the
course to illustrate the relationship between accelerator pedal movement‘and
carburetor &esponse. The action of the choke, accelerator pump, and power

valve were also demonstrated. -

5. Instrumented Vehicles and In-Vehicle Instruction
e C . . . . ., ° . ‘J
Three automobiles were instrumented for the training course. A dial

vacuum gauge, @ linear vacuum'gauge, and 'd fuel and distance toetalizer were’

instalied in‘eaCh training vehicle (Figures C-1 through C-;). Dur ing

.. 3
\

in-vehicle training; the student driver and the student passengers could

observe the instruments function. Each student was instructed to dfive

%tfnormally" dver a specified course, during which fuel consumed and distance

\raveied were measured. A driving instructor then demonstrated fuel-efficient

‘ . ™
driving techniques. Following the classroom instruction, each of the students

was ailowed to . drive the vehicle again over the ,same course. Fuel and
\ . y

, - distance were measured and compared to the r%sults obtained prior to classroqm
‘.instructions- Each driver was told how his fuel economy had changed and the
reagsong for his good (or poor) performance were explained. Diagrams ofﬂthe

highwgy and urban driving cycles are shown -n Figures C-4 and C~5.
Ca

1id




6. - Training Course Evaluation

After completion of classroom and in-vehicle instruction, each student

‘

was aSked to, EValuate the Cou.rse and to Offer recommendat-ions foriits ~

improvement. : . = -

’7- Outcome of ,Tl‘ainin ,Sesgions A ) S .

The fuel economy achieved by each training course participant was
) . -

measurdd during the in-vehicle training- The highway segment participants

/ ! . - ¢
ekperieﬁcgd an average improvement ‘of 9-9 percent. The urban Segment parti-
. : , 7 v .
cipants experienced an average of 4.6 Percent improvement. The lower relative |

. . )
~improvement of the urban groups may be due, at jeast in part, to an observed

increase in urban traffic congestion which occurred during the post-training, .

in-Yehicle tests.

ERIC
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Flgure C. Typucal Dlal Tvpe Mamfold Vacuum Gauge Instaliataon. (Gauges Used In Test Were Not Numencally Graduated)
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\F|g C- 4 nghway Test Segment
Drlvmg Route for Trammg Course
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' Some of thy questions ars out ‘of seque

' The base N's fiom which the pofcentms ore calculated are not equal to the tote numbor of pamclpants in each of the 5 test groups. N\o n's used in this .

&“ duo to formating considratiofs.

R
’ C . apeenDp ‘ |
-~ IR ' . . ) ' -
- \DRIVER AID AND EDUCATION TEST PROJECT N
o " DRIVER QUESTIONNAIRE RESULTS'
S PR
o y- ’ f . L?‘ ce
Section A CN | | S ‘ |
K C b ! S : ‘ 0 | . '
L - "L CONTROL GROUP (=57 TREATMENT GROUPS (n=222)"
T ~ | N " T Y o
, P . * No ! | No
? Yes . . No " Responsq Yes, No| ‘Response
v %) '#(%) #(%) B w0 #)
. ‘ . [ ,
a1, D'si vou keeparacord of your mpg? 3”54), ' 26f46) ‘ / 12657) 95(4‘@) K A1)
02, 'Dig You change’ yourw/ riving hablts AR o Lol . _ . |
® 8 rosult of this program’ e 409 - 0 . 13460) - 88(40) 0
. /2-',‘ o ' b . }
03 DO you commue to practlce thesﬂ Lo y ‘ : g \\/ . “ N o
. changes7 - 4250 19(33) [ - 24020 LI ?8(26)_ . 57(26)
‘ Ly : , ’ L ' ' o
04 Did the lack of information on your , ) ~ ‘ .
“™pg parformanc affect your Bttitude o el = ﬂ; - S
towerd the project? /12421) ( 4519, 0 . 28113) *18985) ., 5[ 2
s D")'Ou behevethatt/ he United States - | I
S currently experjencing an-energy L S S (
\Cﬁsm : L KLU ’9(16)' I 15917'2) | '?.54(_,2‘4)
Q7. Doyoy fpel that this projectwes , - T
- Worthwhile?- | 42(74) \8(14) SNy C14e).  41) 14{ 6)
? s o L :L,‘
/ " . \

’

~ table reflact the total number of groUP Mambery from whom this data hed been collactad at the time this repoit was pfmntod However, scrutnny of

those later regponsas which ars not includad shows no significant deviation from the ragyits prasented here.

Porcontuqos shown ware rounded 10 th

»

] nomn whole number.
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\ v
N ’ ‘L‘
J ~ - B B S =
“Section A - Cont'd - R o { . |
S ¢ o T

_ CONTROL GROUP (n=57) ., TREATMENT GROUPS (n=222)

{s

. T

: - ? ‘ ‘ . - No /. . ‘ ‘ c
. o Y‘ZS - No Response  yos N - R@g
O L S RN NN 1/ IR T . 7S

Q.8 Would you have worked harder at ’

¢

, - conserving fuel if you had bgen ) ‘ . o - o o
.w" ‘ pald for the fue' S&VinQS? . ‘ 14(25) : 38'(67) - 5(9) ‘ : 60(27) - 154(69) ' 13(6)
Qs ;Howl,m'any people, to your knowiédge“, drave your vehicle on a routing besis? | |
bt ‘ ' - . . ’ . ’ ‘ ' . .
- Control Group: 1=30; 2=13; 3=6;, 4=0. 5=5 No responge =2 .
| fTreatment G_r‘ouP_: .1;:.‘101: 2=57; 3=40; 4=y, 5212 Noresponsg=1
BV . B o . . . . .
- \ Lo I : b v \ s
Vi P
: , . k ! : | I
' ‘ '{- \ ‘ N . | "
. g /
14 \ . . ! J
11 ,, R &
'.s“‘ | g
A /‘ ) * 4
, .,
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Section B (n=185) = ; | - !
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Q 1 Do you feel you understand how to use this devlce
;o 10 help you drive more fuel officiently? . o

Q 2. Do you feel‘that the device helped you :
savefuel7 Lo . . VacTach

*  Motorminder
Dld the. written |nstructions (VacTach only) b '

adequately explain. (he use of the device’

_ 5 Dld vou 'da anything during. the test period ‘%, .
to deactlvate the device? .
.I : U

0 6 D'd YOU attemp to\drive so as to mlnlmlze the '

. number of wol on (VacTach only)7 | .

Q 7. Dér y‘ou teel yo de ice operated properly ‘ -
durmg-the test’ ‘. b ‘ " VacTach - 23 ‘

‘ - Motorminder 98}-1 21(65)

Was your d&ffe replace ‘at sometime dunng o B
" the test bocause It malfunctioned? .. VacTach 37

> o o " Motorminder 5}'42(23)

Q. 9 Would &ome add| al instructior on the use S

. of the device havg%%en useful | 36(19)

o N

0.10. Dld you-drive in $econd gear more OfT
~ after the device Was installed to
~ from receiving VlOlatlons {VacTach) Of

registering low Vﬂcuum reading?

f- f"\

‘ . ) L .‘ . E)
‘ . -
. . . Cohy * Lo . ' ' v -

Yes

SCR

L]

150(81)
26

74) 1004
- 45(25)
2

4424

a1y
AL VT .“ s

N

e

No
#(%)

7]

27
” 65(35)

6(3)

165(89)
f

10(5) |

W g
) v

1 05} 123(66)

< 130(70)

- 99(54) |

R

~ No ﬁespohse

#(%)

- 1g(10).

"
20(11)

134(72)

13171
23(12)

20(1)

- 19(10)

f

63(34) '

|
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Section B - Cont'd
e

A

]

)Q 1. Would you recommend that th|s style of vacuum
gauge be installed in aII Nevada Test Site

light vehicles? .Vachg—}l
’ ‘ Mo
Q. 12 5 Ha\%u installed a VaCUUm gauge on yOUf : l". tormlnder
per on Ivehncle’ , ot \v .
Q 14, Was the dewce a dlstractlom : ‘VGCTach
(W) o L MOtormmder
Q.15; Did the device cause any neay accidents’ " VacTach
Q.20. Would VOU fike to have 'h'S dewce remain | ;.,'tormunder ’
" oon your\car7 | - VacTach
B - Motormi |
Q 21, Has the use of the device caysed you to o'r?-r.m'hdfer
change the way you drive? - Ve
| Motormi
Q. 24 Has pfaCtICG using the deVICe decreased o Ormmder
the effort requnred to use |t7x VacTéch' _
‘ - Motorminder
. £
B "'R, - | .
/-: t. . ',.' ' ) !
‘ . R Y
O & . , 3 " ‘\
[MC L N

| Yes
#(%)

4

15.

67

14

91

o
"

0‘1

20
65

} %
15(8) -

©30)
2]

5m2})

o}
o

105(57)

£

NG

1

4(2)
B2(44)

546

N
Y
No, No Response
] 98(53) "~-~?§\\12)
149w1y-“ a0

. 24 ! vor. ) ;.", 1910).

. 92 ]15(63) - ,‘ { '

By g

1316489 -
37 ) 2138 -32(17)

" 7u38) wa
35 1810 -
s } 53&9) e
1, 5

" %
hd ‘ _ ‘ ‘
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10 4 How much \ would you be w||I|n9 to Pay for &~dev1ce |dentlcal or slmllar ta the one lnStalled on your Vehlcte?

s am - s a 85 29(16) -
ésw 12(6%) | 329)9(5%) i sso 4(1%)
Qi When was'the dovice usefil? - . ¢ ey e w T

1

. Aocsatig Taze) °°°°'°"’""9 6(3%) 35ték'5'dv Driving: 70(38%

‘Never: 32(17%) - Mo Response 0

1 [T \ . '
. U] [

. ‘ |
Q 16 HOW often dld you Iook at (hﬁ dQVICG when it was fll’St ms}aued m your- eap

Naver 1(1%) ‘ B | Rarely. 4(2%) o Somﬁtlmes 25(14%)
,No Resp‘onse 17(9%) \ ' | -

0 17, How often dnd you look at the dewce toward the end of the test7 ; : |
Never: 9(5%) L Rarely: 3_3(13%) " Sometimes§52(34%) |
No ReSponse 17(9%) . > | ‘ '

3‘18 '" your opinion, what pefcenw of fuel Can be saved through d|||gent use of thls de\nce7

| * None: 14(8%) o 15% 63(34<y) ‘ 6-10%: 55(30%)
N 15 -20%: 5.(3%) © -, Over20%: o ©, ¢ No-Response. 38(21%)

| ‘319. | 24(13_%)», P
- ,‘!“0 Response: 59(32%)

' !

- Froquenyy: f13’7¢77£4,) .

o '/{'/' |
"."',‘ 4 /[‘. o

J
i

\Frequenuy; 54(;}‘5%)
Al (ade

RIS 10}61%) e

'.v I b
)
. Yo

L 1
B '
' " ’
b
LI
N . fl“ b
. /' L
K =
.'V;ﬂ’
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T
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Soction B - Com'd : ) ‘ '

7
y

-a. 19 How do you fool that the device and its use mﬂuence dnvmg safety?

 Moderate Increaae 43(23%) Groat Increase: 7(8%). " No Affect: 96(52%)
® Modorato Decrease: 20(1 1%) Great Decreaao 1(1%) No Response: 18(10%)
Q.22. What degree of sffort was requlrod to read the display? T ' o
. Very E‘ 126(68%) A - Moderately Easy: 365(19%) -° querate[y Di‘fficu,lt'ff“ﬁﬂ%) N
Very Difficult: 1(1%) ' No Response 17(9%) T L T
\—5“ ’
Q. 23 Has practice uslng the devnce decreased the effort requnred to use it?
No Changg 77(42%) - A' Somewhat Easier To Use: 48(26%)
Much Easier To Use: 36(19%) No Response: 24(13%) :
',é‘;"
)
S
’ <« F 3
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Section C » L
- on . . ) Yes s No No Response
: - . R (%) ' #{%) . - #(%)
Q 1. Did the Training. Course (TC) motivate you to drivé ' ' ' .
- ‘your vehicle more fuel efficiently? _ . _ 90(81) 21(19). —
Q. 2. Did the TC motivate you to drive your private , T :
: vehicle(s) more fuel efficiently? . o 88(79) 23(21) e
Q 3 i you stated yes on Questions 1 or 2, are you - , ok
“continuing to practice fuel conservation driving T .
techniques? . . ‘ 93(84) 2(2) > 16(14)
Q. 4. Did you tell other members of your family about . ‘ A .
some of the TC fuel conservation drivirfg_ , ) s
techmques7 v e 91(82) »  19(17) 1(1)
Q. 5. Did the T_C cause‘yoq to consider the purchase of a : ' Cs
: vacuum gauge for your personal vehicle? - 40(36) = - 68(61) 3(3)
Q. 6. Would you Iike to receive more informafio”h ‘on fuel ' - . ‘
' * conservation driving techniques? r/.,? -80(72) - . -28(25) - 3(3)
Q. 7. Would you like to ﬁ_ee the course expanded to 'aTI Co : . :
‘Nevada Test Site licensed driver employees? . 87(78) ) 15(14) 9(8) -

Q. 8. What is your current evaluation of the training course?

Poor: 5(5%) = Fair: 16(14%) Good: 73(66%) E‘ellent: 16(14%) No ReSponse: 1(1%)
. . X : - 3 . » o

e

. g .

O

ERIC

Aruitoxt provided by Eic:
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ERIC

Aruitoxt provided by Eic:

e

Q9.
Q.10.

Q.11.

Q.12

Have you installed a v
personal vehicle?

Section C - Cont'd

)

acuum gauge on your own

Would a welllprepared movie have been as effective

as the instructor conducted training course?

Did you feel handicapped because' you did not have a

nx

How cogld TC be imp}ovgd?_

a.
b.

c.

Classroom instruction
Behind-the-Wheel instruction
Visual aids ‘

Question and answer period

Detailed information‘on vehicle functions

Conservation movies

e

_device'installed in your vehicle (Group 3 only)?

Interaction among students e

’ Other_

ot

Yes . - No No Response
#%) ' %) # (%)
110 g998g) (1)
33(30) - 74(67) . \4(4)
10(9) 41(3'7)' ' 5 66(5&)_'
Emphasize Devemphasize. . "No I;Iespdnse
53(48) 12(11) 46(81)
84(76) 4(4) 23(21)
51(46) 13(12) 47(42)
54(49) 13(12) ~44(49Q)
66(59) . 8(7) 37(33)
51(46) 15(14) ~ a5(41)
32(20) 19(17) " 60(54)
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, . S ADDITIONAL TEST DATA

B .
» ’

Tables E-1 and E—2 present the test results by test group and vehic1e
class for the highway and urban test segme ts, respectivelyj Tables E—3 awd
E-4 present comparisons of the test result by test vehicle age‘for the

highway and urban segments; respectivelx;

. . I : : . R « 0, 1] . . ) S
Figures E-1 through E-6 present the comparison of Fuel:Efficiency Ratio*

versus fuel economy for the piston vacuum gauge groups-for each'of.the vehicle

. sizelclasses/in each test segment . No general correlation between fue1

-
~

4

economy and Fuel Efficdency Ratio was. found te exist in the data.

. Fuel Efficiency Ratio, (FER) is defined as the total number of low engine
vacuum events divided by the number of engine starts. The piston vacuum
gauge manufacturer claimed Cha& there was a correlation between FER and fuel
economy- .




y .!
. | ' [ . .
& . 3  TABLE E-1 “
. nghway Segmem Comparlson of Phaseland Phase 1 Results by Vahlcie Typo
" Test Compact Intermedlate o " Pickup Tr:ui:k'
~Group S — : — ,
o nooo1 2 A 12 A a1 2 A
1. Piston Vacuum Gauge |« 11 | 17.1. 181 10 | 8 134 136 02 | 45 S 21 04
2 Conol . | 10/ 163 167 04 | 8 140 181 01 ) 45 C1s 17 02
3.'Dr|vefTrammg . "/ _"3 B IR _
Course - . 10 161 161 0 -[ 10 - 142 146 04 | 48 120 125 05
4. Dial Gauge Plus - N A L S
., Trgining ] 1 1677 175: .08 9 135 : 147 1.2 45 120 . 124 04
5. Dial Vacuum;ge [ 16s 170 06~ 7 137 1a2 05 |4 17 122 05
Legend: r « | . | | .
n= number of vehicles * : “ ‘
1= mean fuel economy durmg Phase I: {(mpg) :
2 = mean fuel économy during: Phase Il (mpg)
A= diference in means between Phases | and Ii (mpg)
. . . o B
o | ,
, | SR
s '
a 190
120 \
. / < S




:
w8  TABLEE2 , B
v ' . . . ' " b e
~ Urban Segment Comparison of Background to Test Rusults by Vehicle Type Y :
I:\/ B . . ~ i . - ‘. ‘; =
| -~ Test S Compact Intermediate Pickup Truck
L Group ' ‘ - ;
~. . - 1 2 A ln 1 2 aln 1 2 A
?yistoﬂ Vacuum Gauge 121 M7:04 | 3 82 98 16| 8 .104. 98 06
2. Control M4 116 02 | 6 97 107 #0 | 10 95 100 05
3. Driver Training . : N o : L l-
| Course 108 118 10 | 5 86 95 09. 9 97 102 /0.'5 '
4. Dial Gauge Plus S B
Traijing M5 121 06 |4 97 101 04 | 9 8k_3é 06
5. Dial Vacuum Gauge Sfa 121707 [ 2 ~ s — | 10 105 \o._s't 03
Sy .
Legend:
n.= number of vehicles - | Ly ]
1= mean fuel economy during Phase | (mpg) )
2 = mean fuel economy dufing Phase Il (mpg) '
A= difference in npeans between Phases | and 11 {mpg)
. . ) ' q ) N
ad . ? .’&
\s a4
ied




TABLE E-3

v ) - Ly

Comparison of Highway Segment Test Results by 'thicle Age -

Group - 1969 - | 1970. . - 1971 1972, ¢
' n 1 2 Aln 1 2. Aln_ 1 2.A]|n 1 2 A
1. Piston Vacuum Gauge | n 132 138 06 [ 3 142152 10| 7 134 136 02 [-3 134 134 0
2. Control 11140140 0 |5 141151 10| 7 135136 01 |1 130 141 11
3.‘Dr,ive'r Training « _ - ] - | , . B ! :
.Course 3 163.164 01 [ 1 162177 15|10 129 134 05 |2 141 142 01
4. Dial Gauge Plus - A T | e 8
- Training 2 163 153 -1.0 3 142158 16 |10 134 139 05 |3 13.{13.7 04
5. Dial Vacuum Gauge | 1 167 144 -13| 1.135135-0 |11 135 132 03 | 2 14.# 157 12
Legend'
{
n= number of vehicles '
1= mean fuel economy during Phase | (mpg) ‘
2 = mean fuel economy during Phase I1 (mpg)* . .
A= dlfference in means between Phases | and Ih(mpg) . .




o
TABLE E-3 (Continued)
Group. - 1969 1970 : 19711 L7/
. 1.2 A |nt 1t 2 A0 12, 8|0 1 2.4
1. Piston Vacuum Gauge 128 123 -5-|'98 114 120 06 |7 157 185 28 | 3 - 18.1 180 0.
2. Control 13.3 1320 ~1(45. 119127 08 |1 110.113 03 | 1 182 181 ~0.1
3. Driver\Training : - - S ] ﬂ | .
Course, 119128 08 |48 123 129 06 |2 160 174 14 | 1 '17.6 171 ~05
4, Dial Gauge Plus oo | 1 TR - - w
. Training 127 14 |42 122 132 10 |3 154 173 19 | 1. 185 174 -1.1
6. - Dial Vacuum Gauge 13127 02|42 118128 10 |6 1547173 19 |1 190 177 ~13
Legend: ‘ | e
n = number of vehicles . ,
1= mean fuel economy during Phase | (mpg) .
‘2= mean fuel economy during Phase:|l (mpg) |
A = diference in'means: between Phases | and Il (mpg) \ ,
, § o q 0,
w 1s.
| .
. 14
* -



TABLE E-4 o
\ ! Compdridon of Urban Segment Tast,Résqlts lt/ Vehicle Age’

Group * o en ] SR |- B & 1973
[n b -t A ]n b t A [ n b t

1. Piston Vacuum Gagﬂe 1 .18 119 03 82 98 16 | 6. A4 108

. , i ,
2. Control . o o - - - 4/ 99 10.%9.'.‘1;0" 5. 10.:;/10.4

3 DnvorTrammg ‘. | T 2 o 1 ?\-
- Course .| w8 us o [ 2 78, 76 -02] 3 117 98 .

4. Dial Gauge'P.Ius' | ‘ T T
" Training N o - ~ =13 81 .82 . 01 | 4 113 108
5. DielVawmGaige | 1 117 97 -02 | 2 97 12 15| 2 427 128
2 . . .‘Nl. : 4‘,6. L ' . L .' /. [' . ‘- . - .
Legend: A coL e | |
n = number of vehlcles - o ' S | 3
b = mean fuel economy dunng ‘backgraund period (mpg) ‘ - o
t = mean fuel economy during. test period (mpg}; | . g !
A ditference in means between background and test (mpg) _ o
} ) 1
142 -
L} ( P ’ .




. W * ! = ' ._‘ —" o .
t : A P . .
v S e
i i ' l: | .'.
B K o «A . 7 \ ! ‘:‘ N
: v', .. ' H .
‘ ) f . RUTARS
¢ ' i
S il L - . |)J‘ ,-
! ‘ - L3 ) : vv\
‘ TABLE E-4 (Continued) !
4’ ,
Group

‘ .

Dol o 1974

1975

1. 'Riston Vacuum Gauge

103

-09

"4

13

-0.1

2. Control

" 11.0

03

103

108

05

-3.".Driver.Training .
I .Course-

"3

1.2

109

12

03

4. Dial GaugéePlus
Trainiqg

9.8,

07

114

122 .

08

114

0.8

117

0..'3

5. Dial Vacuum Gauge

b

‘Legend'

n= numbar of vehlcles
'b - mean fuel economy during bat:kground penod (mpg)

t= mean fuel ‘aconomy during test-period (mpg) - 7

A = difference in means betwesn background and test (mpg) -

v

}}

' 1
A4

/

114

o
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e -+ Fuel Economy vs Fu_el
£ -/ - Efficiency Ratio}
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I Fuel Economy vs Fuel
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Figura E-4
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T " Figure E5
: ¢ - - Fuel Eoonomy vs Fuel
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Fuel Efficiency Ratio (FER) R , .
Fgura E6 ,
Fuel Eoonomy Vs Fuel
Efflclency Ratio*
Plckups, Urban

Segment
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Fuel Eff|CIency Ratio (FER) ) ‘j_;.
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APPENDIX F -

" AVAILABLE DATA FILES

The following data files are aQéilable.on magnetijc tape at the Nevada

-

Jperations Office, Las Vegas Névada:

~

L/ Unedited Data (By Vehicle)

- vehicle 1dentifiébtion'number
- mo;;hly fuel economy

- mean mpg, Phase L/éﬁerage monthly fuel economy

- standard deviation of monthly fuel eéonomy, Pﬁasé 1
- Avehigie year .‘ ;L ' R |

- ;ehicle mékq

- vehicle model
2

o g
- transmission type (automatic/manual)

- air conditioning'kyes/no)
- vehicle type (compact, ‘intermediate, pick=up)

- test group

2. Edited Data (By Month)

- test group : o

= veﬁ&gle type . %

- vehicle idéntification numbé;

- date ;f reéocd |

- humber.of days since vehicle entry int§ test

- fuel economy each month

e -

3. Edited Data (By Fill-up)
- test group ) .

& vehicle type

' - vehicle ident{?ica;ion number.

R



,datevof record

number of'days since ehtry into test

ﬁuel'economy - each fill-up (mpg.)

" Edited Vehicle Log Data

vehicle identification’ number
fuel delivered (to O.I-gailop)
odometér'readihg‘(hi%es$

date of fill-up

o

number of days since entry into test

- VacTach Data (Two files raw and edited data)

vehicle iden;ification number

fuel delivered (to 0.1 géllpn)
odometer reading (miles)

date of‘fill-up

fueling stétion identification number
driver’s initials

VacTach coﬁnt of starts .

' /
VacTach - count of violations

7ehicle Characteristics

N

s
o,

A

identification number

.year ' ' -

make

‘model

options

~date entered Phase I

date entered Phase I

odometer -reading at start of test
Tu3-
F3 Y

Wl



- date removed from test (if apprbpriate)

. ‘.

- date primary driver was trained (Groups 3 and 4 only)

7+  Air Te@geraﬁure at Mercury, Nevada® .
- date . ) . i ‘ .
= mean ﬁemperature
- aaximum ﬁemgérature'

" = minimum temperature

‘8. Unedited Test Vehicle Log Data (From fueling station)
- vehicie identification number . : ._‘ -
-~ fuel delivered (to 0.1 gallon)

- odometer reading
¢ N

“= date

- fheling station identification number

N e,

v

W IS GOVERNMENT PRINYING OFFICE 1978—20 1w 300 37

Q ‘ ‘ 1%

ERIC

Aruitoxt provided by Eic:



