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The Horizontal (Gaze Nystagmus (HGN) test was conesived,
developed and prommigated as a simple procedure for the
determination of the blood alcohol concemtration of drivers
suspected of driving while intexicated {DWI). Bypassing the
usual scientific review process and touteq through the good
offices of the federal agency respongible for traffic salkty, it was
rushed into use as 2 law enforcement procedure, and was soon
adopred and protected from seientific criticism by courts
throughout the United States. In fact, research findings, training
tnanuals and other relevant documents were often held a8 sEerets
by the state. Still, the protective wertification of its practitioners
and the immunity afforded by judicial notice failed to silence all
the critics of this deeply flawed procedure. Responding to
criticism, the sponsors of the test raveled the path documented in
this paper that led from mere (if that word can ever truly apply to
a patter of such gravity) cerelessness in rescarch through self-
serving puffery and finally into deliberate fraud — always at the
expense of the citizen accused.
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Introduction

The Hurizontal Gaze Nystagmus (HGN) test is ths moat widely
2pplied toxicological procedurs in the United States of America.
Developed between 1974 and 1983 in a federally-funded
program sponsored by the Natipual Highway Transportation
Sefety Administration (NHTSA), an agency created by the
Department of Transportation to enact and enforce the 1966
National Traffic and Motor Vehicle Safety Act, the HGN togt flew
direatly in the face of established medical and toxicological
opinion that simple clinical tests were inadequate for the task of
establishing intoxication, In fact, when the test was developed,
the American Medical Association {AMA) had just published its
comprehensive review of the subject of ‘Aleohol and the
Impaired Driver’ (which, interestingly, was oot cited in the
publications touting the HGN test) that contained the statement,
‘Conscientious physicians recognized that each of the accepted
signs or symptoms of intoxication might well be a symptom, of
some disease or condition of the sccused entirely unrelated 1o the
ingestion of alcohol. Indeed, Herman A Heise, a former
Chairman of the AMA Commiteee on Medicol=gal Problems, and
an outstanding Authority on the subject of determining alcoho)
intoxication, has compiled & list of over 100 pathclogical
vonditions which produece one or more of the symptotns generally
accepted as signs of intoxication. Only by carefill differential
diagnosis could intoxication be distinguished from these
illnesses.’ [1]

Although its merit as @ scientific test might have been disputed,
its valug as 2 political matter is not in doubt: important voting
constituencies that supported the American president elected in
1280 were the ‘rligious right’, a fundamentalist coalition of
religious groups that eschew the use of aleohol, the ‘moral
majority’, a political group that alse espoused prohibition, and
the soon-to-be-important Mothers Against Drunk Driving
(MADD) which still advocates gimilar views. Supplemented by
epidemiological studies that resulted in a recommetdation by the
AMA for acceprance of .10 wivh as the limit of intoxication [2)]
and corroborative opinions by most toxicologists based on the
(Grand Rapids Stdy [3], impaired drivers were perceived as 2
national problem to be dealt with — preferably sconer rather than
later. In that context, the HGN was rshed into service without
ever seeing peer-review and critique, and for the last two decades
it hag been taught to police officers s one of thres tests described
in variams of a federally-produced manual titled, DWY Derection
and Standardized Field Sobriety Testing Student Manual

In 1996 the fundamental competence of the scientific basis of the
standardized battery of field sobrigty tests was challenged with
the exposure of an internal paradox that implied the work was
pootly researched and inadequately reviewed prior to its adoption
by the National Highway Transportation Safety Administration
[4]. In 1998 the integrity of the statistical evaluation of the
original research upon which the validity of the tests rested was
unfaverably reviewed [5]. In 2001 new research indicated that
the Horizontal Gaze Nystagmus (HGN), the comerstone of the
test battery was fundamentally flawed and that the HGN test was
impraperly conducted by more than 95% of the pelice officers
who used 1t to examine drivers suspected of driving while
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intoxjeated (DWI) [6]. This summary critique demonstrazes that
it is scientifically meretricions and that the United States
Department of Transporiation indulged in deliberate fraud in
order to mislead the law enforcement and legal communities into
believing the test was scientifically meritorious and overvaluing
its worth in the context of eriminal evidence.

Because of peer-review and the universal expectation that
experimental procedures and data will he produced o
substantiate research claims, irue frand in sciemtific tnatters is
extremely rare [7,8,9]. Its carly stapes are uften indistinguishabls
from unpopular, mistaken, or simply eccentric science [10], &a it
i5 egsentially invisible within the body of scientific research unti
it is exposed through a process of unfavorable review and the
inability of other scientists to duplicate exparimental results or
independently confinn the reporied findings. In the context of
forensic science, it 'is impelled through our courts by a mix of
opportunity and incentive’ [11], the apportunity arising from the
adversatial nature of the proceedings and the lack of scientific
knowledge among the legal participants and the ingentive usually
being a rational motive such as greed, fame, power, or some other
cateerist goal [12, 13].

The HGN test, which iz accepted by the courts a5 evidence cqual
in metit to chemical testing and protected from review and
criticism by judicial notice [147, avoided this review because the
bulk of the publications describing and reviewing the procedures
are found cutside peer-reviewed literature apd because the test is
tought, certified and used us an enforcement function of police
agencies, Not as a scientfic function. In the State of Texas for
example, breatk: aleohol test results must be accomparied by the
testimony of a degreed scientist with specialized training in the
insttumentation and protocols of the program and the effects of
aleohol [15], but HGIN test results may be introduced through a
police officer who has a certificate showing completion of a short
course of instruction taught by non-degreed instructional
personnel.

The Elements of Fraudulent Science

The accusation of intentional fraud is so serious, it seems
reasonable that at least three elements shoutd be demonstrated
befors a sciemtific work cun be declared to be deliberately
fraudulent;

« In the wnderlying research there must be a considerable lack of
competence in the form of significant errors, internally
inconsistent test results, mistepresentation of experimental
results or redaction of unfavorable data doring its development,

- Unfavorable review and criticism must elicit significant cfforts
te hide evidence of flawed research, especially efforts such as
those recogmized and defined as ‘pathological science’ by
Langmuit [16] or as ‘pseudo-seience’ by Lastrucci [17].

- The advocates of the work must promote it using deliberate

deception and mistepreszntation of fact iftended to deceive and
mistead the non-seientifically ttained audience.

sciencedzjustice Volume 44 No,3 (2004) 0 - 0



Incompetence

In the matter of the field sobristy tests, particularly the FIGN test,
fack of fundamentsl competence can be illustrated by tha
procedure used for the measurement of the 45° atgle of
deviation of vision; redaction of unfaverable data during its
development iz demonstrated by development of the vertical
gaze nystagtnus (VGN) test.

Measuring an Angle of 25°

The signatire clement of the HGN test iz the crterion of
discernabile nystagmus appearing before the eyes are deviated
45" laterally. During the development of the HGN test palice
officers were expected to estimate the lateral angle of nystagmus
onget with an accuracy of plus or minus 3° on the basig of having
been trained using a protractor appliance [18], but with the carly,
widespread rejection of the test as a method for detzrmining sn
exect blood alcohol concentration based on the angle of
ystagmits onsit, the trafning procedure was modified slightly so
that the simpler ctiterion. of having officers estimate 3 45" angle
of deviation after being trained with a simple template replaced
the more demanding task of estimating the angle accurately [19],

In the mid-12%05 training in the estimation of the oritical 45"
angle was changed with the adoption of 2 procedute in which the
officer sitnply moved the stylus on which the subject’s eyes were
focused to a position dircctly in front of the lip of the subject’s
shoulder as an indicator of 45", After 1999 the written training,
materials deseribe in detai] this testing protocol in which the
point of the shoulder serves as 4 reference point for determining
a 45" angle and only briefly mention the template measurement
trining method {20,21].

The officer's first instruction for conducting the test, ‘Position
the stimulus approximately 12 15 inches from the subject’s nose
and shightly above eye level,” has remained unchanged sitice the
inception of the test. The distance from eyz to tip of the shoulder
is approximately eight fnches (from a low of approximately
seven inches for small framed men and many women to as much
as nine inches for large framed men), thus the decision angle i
never 457 but an angle of approximately 30° with a range from,
25" 10 37", therefore the medification of the test protacel to
incorporate the use of the tip-of-the-shoulder procedure is
certain to produce inaccurate estimates of & 457 angle.

Although the estimate of the 77% teliability of the HGN feat az
an indicator of a BAC greater or fess than 0,10% was developed
for a procedure using a true 45° angle, that estimate of reliabifity
i still cited as applying to tests conducted using the shoulder tip
criterign. Error introduced by the erroneous measurement of the
critical 437 angle is offered as 5 positive feature in the testing
proweol, reasoning that the officer is looking for onset of
nyslagimus prior to 457, and because all the angles included jn the
arc hetween 25° and 37° appear prior to a 45" deviation of the
eyes — this inaccurate measurement actually constinites a margin
of safety for the defendant, assuring that he will benefit from the
ETFOL.

Even if there were a place in seisnce for altruistic incompetence,
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that reasoning highlights the fact that arrest resulta are
demonstrably inconsistent with the original research findings;
Good «f gl [22] summarized the resalts of the 1981 repatt by
Tharp et al. [23], stating that it had shown BAC estimates to be
accurate 10 +0.02% (Tharp &f al actyally reported +0.03%.)
using the formmla,

Angle of onset of gaze nystagmus = 51" — 105° _ petcent BAC,

apparently created as a composite of four equations generated by
Thatp et al. Using this formula — of, for that matter, afty of the
four farmuolas found in the original report — an onset angle of 30"
comesponds to a BAC value of approximately 0.20% (25°
cotresponds 10 2 BAC value of approximately 0.25%, and 37*
comesponds to a BAC value of approximately 0.14%,) If,
therefore, the original research is to be believed and tests are
edministered in the field according to the corrent methodology,
the critical *onset prior to 45" clues should rarely appear among
test subjects with BAC values less than 0.20% and never for
subjects below 0.10%. (Amests made in the absence of z
nystaghius onset less that 45° — either accurately or ineceurately
meagured — are 50 rare that they are effectively non-existent.)
Arrest data such as those shown in Figure | show that for more
than 2000 arreste in Texas approximmately 17% of the srmsts were
of subjects with BAC values of from 0.00% to 0.09% and that
approximately 63% of the arrests were of subjects with BAC

Figure 1 Slood alcohal concentralions of 2,068 Texas
drivers arrested for DWI (1998-2002),
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values of from (.10% to 0.19%. A similar compilatiot: of arrest
data published in the 2000 version of the NHTSA Instructor's
Manuat [24] shows that 31% of the arests wers of subjects with
BAC values of from 0.00% to (.09% and that approximately
49% of the atrests were of subjects with BAC values of from
0.10% to 0.19%, Having 80% of the field data fall outside the
range of error predicted from controlled laboratary studies
exemplifies one of the characteristics (unsysternatic in the
respect that its various parts do not necessarily relate to and
support each other by vire of intemal consistence,’) of pseudo-
science as posited by Lastruce:.

The Vertical Gaze Nystagmus test

The origin of the V(N test is somewhat obscure. The 992
Instructor’s manual says, ‘[V]ertical nystagmus was not
included in SFST battery during the original sesearch, however,
it s a reliable indicator of high alcohol for that individual, or
PCF impaitment” [237. The anly reference to any PCP literature
found in the NHT$A research documents is = paper by Liden o
@l [26] that unambiguously shows vertical fiystagmus to have
been present in only four of the tine cascs of PCD polsoning
discussed, explaining the reason for the phrase, ‘selected
sections” in the NHTSA citation of that work, 1t also expiains
why the student manual teaches the practitioner a specific
procedures to use when administering the VGN test, but doss not
discuss an evaluation of the test apart [rom the vague, pejorative
reference to 'high deses of PCP’ or how the authors of the
method arrived at the conclusion that ‘Vertical nystagmmus
usvally occurs with PCF [27].

Awwempis 1o hide flawed research

The second element of fraudulent science, an attempt to hide
evidence of flawed research, can best be illustrated using
Latigrmuir's eriteria of ‘pathological science.’ OF the six criteria
Langmuir supgested, five demonstrably apply to the HGN test:

L. Fantastic thearies contrary to exparicnce are suggested. The
HGN test 15 based upon the assumption that any physical or
mental impairments that setve to produce “clues’ from which
intoxication may be inferred are caused by aleohol. There is no
requirement that any evidence, much less substantive evidence,
of the presence of alechol i3 a prodicats sendition for advancing
ta a cenclusion regarding the amount of aleohol that is present.
The original developers explained away some of the falze
positive results obtained during their developmental studies as
possibly being due to “drugs other than aleohol, the result of
brain damage, of illness, o of woknown etiology’ (28], bul by the
time the training manual wag published, each test, individually,
and in combination was evaluated with respect to aleohol being
the sole source of debilitation.

2. There are claims qf grear accuracy, After 1983, WHTSAS
estitnates of the accuracy of the HGN test with respect te a BAC
of 0.10% were based on the finding of four clues. Severaf
reasons existed to doubt the claimed 77%: acouracy of the HGN
test (0% whe combined with walk-and-tum ‘clues™), the most
notable being 2 peculiar internal paradox [4], the paucity of
published experimental data, and fack of any explanation of the
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developmanta) methodology other than ‘a table was developed’.
The promoters of the HGN test have recenily encouraged
prosecutors to believe that ‘experienced law enfurcement
officers were comect ninety-six percent of the time in
determiting a .10 BAC or tore using the HGN test’ [29], a
finding that defies belief considering that under laboratory
cotditions using specially trained, experienced observers and a
protraciur {0 measure the angle the claimed sccuracy of the HGN
test was omly 88%, and less than that (78%) when conducted
without that appliance [30]. Considering that tests conducted at
readzide seldom, if ever, conform to the minimum standards of
the written protocel, that from 17-31% of arrested subjects
praduced chemical tests less than 0.10%, and that drugs other
than aicohol, brain damage, illness, or debilitation of wnknown
etiology exist in the field 25 well as in the laboratary, the claitned
accuracy of 26% is unbelievable.

3. The moximum affect that is observed is produced by a
mausaiive agent of barely detectable intensity, and the magninude
of the effects is substantially independent of the cause. Goldberg
wilablished a very important principle in testing for the effects of
aleohol, “If the test is to be applied fot practica) purposes, and ng
basal values arc available, the variability between individuals
should be slight as compared with the departures frum normal
due 10 alcohol.’ Given that half the population of sober adults
exhibit end position nystagmus and that all the possible clues
azsociated with the HGN test, especially the critical ‘onset prior
to 45 manifest at blood alcohal concentrations half (or less than
half) that for which the test was developed, it is apparent that the
EGN test iz subject to a significant tumber of false positive
resits,

4. The effect Is of a magnituds that remains close to the limit of
demeciability o, many medasurements are necassary because of
the very low statistical significance of the results. Because
people with BACs greater than 0.15% penerally xhibit obvious
signs of impairment [31] and can be identified without the use of
the feld sobriety tests, it serves a useful purpose only for
discriminating ameng suspects with BACs less than 0.15%, a
fact acknowledged in the developmental work by Tharp #f al.
[32] but ighored during subsequent validation studies. Based on
arrests and chemical test data (Figure 1), the ficld sobricty tests
had an error rate of approximately 40% among people whose
BACs were between 0.00% and 0.14%. Data published by
NHTSA [24] indicate an sven higher rate of emror (cn, 53%)
among this group. This high rate of undetectable error is
unavoidable [5,33].

3. Crhticisms are met by ad hoe excuses thought up on the spur
af the mement. The intended use of the ficld sobriety tests has
never been in doubt, With almost Biblical solemnity the authors
of the NHTSA atudent manuat stated that they werg to be used
‘orly when the tests are administered in the preseribed,
standardized manner; and erly when the standardized clues are
used to assess the subjrct’s performance; and, unly when the
standardized criteria are employed to assess that performance.’
They also stated that the FIGN test alone could be used to
correctly estimate whether 2 person's BAC wag above or below
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G.10% in 77% of the subjects tested. Without question, the HGIN
test was prometed and accepted for stand-alone use for the
purpose of discriminating betwoeon BACs greater and less than
0.10%. Recently, however, prosecutors have been advised [34],
‘Although the HGN test is an excellent indicator of impairment,
the test results alone are not used to convince a jury that a
defendant wes impaired. Combined with other evidepee of
impairment, such as erratic driving, odor of alecholic beverage,
glassy or bload-shot eyes or unsatisfactory performance on other
5F5Ts, HGN is strong svidence of impairment.”

There are several compelling reasons for impeaching this
argumcnt:

a. ‘[mpairment’ (also called ‘loss of normal use of menral and
physical faculties’, ‘tot bhaving normal uwse of mental and
physical faculties’, and "under the influsnce’) describes a simple
evaluation based on (i) the tests performed on the dnver at the
time of arrest, (2) an assumption nf the presence of aloohod, and
{3) an imagined response to the same test in the absence of
alcohol, a concept hal necessarly ignores other possible canges
of apparent itmpairment such as fatigue, debilitation, diabetes or
ather iliness, and individual variations in the ability to perform
varions tests.

HGN has never been proffered as an indicator of impairment,
much less ‘an excellent indicator.” At best, it has been
promulgated for the entirely different purpose of indicating the
presence and chemical concentration of alechal in a person’s
blopd. Tt is statistically correlated with 2 blood aleohol
concentration. In fact, the officers are taught that when illegal
per s laws were adopted they would not be requirsd to
‘establish that the defendant was “under the influence™ but that
it would be ‘sufficient to show that the defendant’s BAC was
0.10 or mote” [35), 1n jurisdictions sush as Texas wherg police
officers receive proficiency certificates and are therefors
licensed to offer testimony in courts, it 1 because they hove
produced documented correlations of actual arrests and chemical
concentration tests; they are never required fo address the issus
of impairment in order to be certified.

b. Alcohol on hwinan breath is undetectable by odour, and the
odour of alegholic beverage is a notoriously poor indicator of the
presence of alcohel [36].

¢. If it is dependent on the presence or absence of glassy ar
hload-shot eyes, one must assume the guality of the HGMN (est as
gvidence changes seasomally with the aie’s pollen and mold
spore content, but this issue has never been addressed in any of
the HGON literature.

d. “Unsatisfactory performance ofi other SFSTs™ is directly
addreszed by Anderson e al [37] and in all versions of the
student and instructor training manuals; All other field tests are
irrelevant if the HGN examination reveals four of tmore clues
and, with the abandoning of the ‘decision table,” there is fo
procedure tor addressing composite performance factors.
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e. Citing erratic driving a3 a confirming observation for the HGN
test is a remarkable example of circular reasoning because the
test was originally designed to discriminate between alcohol-
induced intoxication and ‘driving errors [which] may be
attributable to impairment other than sleohol intoxication, such
#% 2 woman who has just had ber purse stolen and is too upset to
concentrate ot driving; a disbetic persen in need of insulin; a
married couple arguing; an elderly man driving oo carefully,
e’ [38].

The Intention to Deceive

Resaurces "Favorable to the HGN Test’

Because of its gravity, the accusation of fraud must rest upon
unambiguous, unimpeachable evidence. That evidence is
‘Appendix F* in Horizontal Gaze Nystagmus: The Sclénce and
the Law, A Resvurce Guide for Judges, Prosecutors and Law
Enforcement [39], a publication directed toward lay readers.
'Appendix F' has been attached to documents submitted in
United States Federal Court to defmotistrate that the HGN test
meets the Daubert standard [40] and establish the merit of the
battery of standardized field tests in criminal progecutions.

Appendix F contains a compilation of publications headed,
‘Publications favourable to HGN.” Within this is a list headed,
‘Other research studies and articles,” that cites 80 publications,
22 of which were cited as references relied upon in the
development of the standardized battery of tests and, therefors,
can hardly be said to constitute a favorable review of the battery
or of any of its componenl tesls, Although il conslilules
*holstering” in the legal sense, it does not constitute fraud in the
seientific sense.

The elements of fraud are found in the content of several of the
publications dating wetl after the field scbriety tests were
promudgated for general use. Papers by Avetbuch-Hellsr {413,
Barton [42], Hwang {43], are particularly instructive in assessing
whether the hist of publications in Appendix F are favourable to
the HGN test, These publications shatre common features:

a. Mone contains any refersnce to the HGM test of 1o any of itz
component elements (breakdown of smooth tracking, end-
position nystagous, o appeafance of nystagmus prior to
deviation of gaze 43" from straight ahead).

b. Mone of the authors used the HGM test or any identifiable
procedurs that tesembles the HGN test or its component
glemants as & diagnostic procedure or an examination wchniqus,

- ¢. Motie contains any references to publications that describe or
review the HGM test or any of its component elements.

d. Mone contains any references to publications authored by any
of the principal authors of the NHTSA publications, Southem
California Research Institute (SCRI) publications (Bums and
Moskowitz and Tharp er «f.) or other publications describing or
commenting upen the HGN test.

2. Mone cantains any reference to nystagmus being a symptom
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of ethancl intoxication or consumption. One of the papers
(Hwang) states the serum aleohol concentration of the person
about whose medical condition it was written was zero [43],

Discussion

In approximately half of DWI arrests, videotapes of the officer
and suspeut are tade at the time of the traffic stop. These tapes
are often either exculpatory or of such poor quality that they are
have no probative value, and chemmical tests performed at a later
tittis are not acceptable per s¢ as evidence of intoxication while
driving [44]. Since arrests are rarely made on the basiz of
egregious impairment, the arresting officer’s cssentiatly
unrebuttable opinion of intoxication based on the field sobriety
tests 15 the only avidence available to the state that the suspect
wag intoxicated when stopped, Admissible lay testimony and
undocumented, therefore unimpeachable observationa are
matters for the courts, but the underlying worth of the field
sobriety tests falls within the purview of scientists.

The state’s argument for the field sobriety tests does not rest on
proof of ment, but upon qui tacer comsentit reasoning — that
those tests have been o widely accepted they must have been
subjected to some kind of review priar to adoption in the many
jurisdictions where they are used, that somewhere along the way
someone would have spotted the flaws end shortcomings,
Considering that the smdent manual was originally considered to
be a confidential state document and was only obtained thtough
sn 'Open Records Act’ request, silence from the scientific
comimunity cannot be congidersd an endorsement of the
program. Moreover, certification by the state is limited to law
enforeement personnel.

Even if the field sobriety tests failed to attract the attention of
scientists, numerous capricicus, unexplainable changes from the
original protocel suggest that the agencies sponsoring and
enforcing the use of the tests failed to exercize due dilipence in
evaluating them; for example,

1. Tharp et al, produced a test evaluation procedurs that relied on
finding both nystagmus and balance clues (45). The procedurs
was abhandoned by Anderson et al. without explanation in 1983
[37].

2. Anderson et al. alse produced a pattern recognition decision
table that combined walk-and-turn ¢lue and nystagmus clues to
deternine the probabilily of intoxication [37]. This procedure
was the comerstone of the tests until it was sbandoped without
explanation in 1999,

1, Anderson o al reviewed carlier laboratory results and
produced estimates of the reliability of the individual tests [46].
The training materiala discarded the fact that these values were
sstimates and students were taught that they should expect the
same results in fleld use [47].

4, Contradictery changes in the test procedures wers
incorporated without explanation.
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a. In the: report jssued by Tharp et al a caveat accompanied
the walk-and-turn test noting that it might not be suitable for
subjects over the age of 65 [48]; in 1992, that suitability
profile was changed to 60 years of age and meore than 50
pounds overweight [19]; in 2000 the original parameters were
readopted [20].

b. For the one-leg stand test, the 1981 Tharp et ol. caveat was
for subjects over the age of 65 or more than 50 pounds
overweight [48]; in 1992, the age changed to 60 years of age
and the caveat shout subjects more than 50 pounds
overweight remained [19]; in 2008 the age returned to 65
years and the weight warning was dropped [20].
{Paradoxically, each of the altered statetents was prefaced,
“The original research indicated,’ which appears to be a
referonce to age 60 and no weight vonsideration [49].)

5. The physical tests parameters have also changed. For
example, earlier versions of the training manuals (instructor and
student) insisted that the walk-and-turn test required a ‘clearly
visible' line [19]; the Jatest version omits this requirement, so
most subjects being tested in the field are now walking (and
occasionally stepping off) invisible, imaginary lines.

6, The original documents were quite specific in matters of
procedure and conditions, but the eurrent publications say that
the effect of individual officer’s changing these parametats
should be left to a lay jury to decide (“tnay have some effect on
the evidentary weight given to the results’} [20] although they
provide no information to guide the evaluation process.

The subgtance of fraud is demonstrable; the motive is
speculative. In this instance, one other salient fact may provide a
clue addressing motive: Tharp er ol cite a 1974 NHTSA
publication stating that the drivers arrested for DWI had an
average blood aleohol concentration of 0,17%, and stated that
the goal of the program in which the HGN test was developed
was directed toward seeing that value lowered [30], Two decades
later that goal has not been achieved despite the money, time and
effort mvested by the federsl and many loeal govemments
(Figure 1).
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