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MEDICAL SURVEILLANCE PROGRAMS FOR AIRCRAFT MAINTENANCE PERSONNEL
PERFORMING NONDESTRUCTIVE INSPECTION AND TESTING

INTRODUCTION

Recurring visual and nondestructive inspection and
testing (NDI/NDT) is crucial for ensuring that aircraft
are maintained in safe operating condition. A recent FAA
report, entitled “Analysis of Airworthiness Directives
1995 to 1999,” indicated that 57% of all Airworthiness
Directives issued during this period mandated some type
of inspection. The report further states that 62% of these
directives require visual inspection. In addition, a Federal
Aviation Administration (FAA) Advisory Circular (AC
43-204), entitled “Visual Inspection for Aircraft,” dated
August 1997, states that over 80% of the inspections on
large transport category aircraft are visual inspections.
For smaller commuter transport and privately owned
general aviation aircraft, this percentage is even greater.
These statistics suggest that the visual performance of
aircraft maintenance personnel has a great influence on
aviation safety.

Visual inspection tasks are performed by qualified
professionals who gain their expertise through rigorous
training programs and often years of on-the-job experi-
ence in aircraft maintenance work. Visual inspectors
must make judgments about the condition of aircraft and
aircraft components, frequently using only their visionand
basic visual aids (magnifiers, mirrors, and flashlights) to
detect anomalies. NDI/NDT specialists are trained and
often certified to use sophisticated imaging devices and
techniques (fluorescent penetrant and magnetic particle
inspections, ultrasonic scans, eddy current imaging, X-
rays, etc.) to perform a variety of procedures developed
to increase the probability of detecting subtle defects in
aircraft parts and assemblies. While visual aids, imaging
devices, and technical procedures can enhance their ability
to identify defects, it is essential that these individuals
possess good visual skills in order to carry out inspection
tasks effectively.

In someaircraft maintenance facilities, visual inspectors
and NDI/NDT specialists are considered separate and
independent groups with differing skills and job qualifica-
tions. Other facilities, however, do not formally distin-
guish between these groups, as there is often considerable
overlap in both the tasks they perform and the expertise
required. The major difference between these workers is
that visual inspectors normally inspect the assembled or

partially assembled aircraft, while NDI/NDT specialists
tend to focus on the aircraft’s individual components.
(NOTE: Exceptwhen itisappropriate to do otherwise, this
document will refer to visual inspectors and NDI/NDT
specialists collectively as NDI/NDT personnel.)

Statistics show thatabout 50% of adults in the United
States have difficulty seeing clearly at far distances, and
about 60% have difficulty seeing at near distances when
no corrective lenses are worn. Research with subjects
using their usual refractive corrections has indicated
that the prevalence of impaired distant and near vision
can be as high as 30% and 40%, respectively (1). When
optimal manifest refraction is performed and best-cor-
rected visual acuity (BCVA) is provided, these numbers
can be substantially reduced. This result underscores
the importance of frequent vision examinations and the
use of best possible refractive correction by NDI/NDT
personnel. In the absence of a properly administered vi-
sion-screening program, it is possible that a substantial
percentage of the NDI/NDT workforce would perform
their duties with less than optimal vision.

Nondestructive testing frequently requires precise
visual inspection under a variety of conditions. For ex-
ample, penetrant inspections involve the use of visible
red or fluorescent dye to highlight surface imperfec-
tions or defective aircraft parts. The intensities of visible
background light and excitation ultraviolet radiation are
verified with calibrated light meters to ensure viewing
conditions are optimal. Magnetic particle inspection also
uses visible and fluorescent inspection techniques, while
radiography relies on the individual’s ability to detect
subtle differences in contrast either on film images or on
a video monitor. Additionally, when direct observation
is impossible it may be necessary to use remote viewing
techniques such as mirrors, telescopes, borescopes, or
fiber-optic cameras attached to video monitors. Lighting
conditions can also influence the effectiveness of a visual
inspection of a part. Normal visual inspection is typically
performed in the range of 50 to 100 ft-candles, which is
equivalent to normal office lighting while inspection of
fine detail may require up to 200 ft-candles. Under such
varied conditions, inadequate vision can reduce aworker’s
effectiveness, resulting in poorly executed inspections that
could compromise aviation safety.



Unfortunately, there have been several instances
where the failure to identify visually detectable corro-
sion, cracks, or inclusions were found to be the prob-
able cause or a contributing factor in aviation accidents.
The National Safety Transportation Board (NTSB;
NTSB/AAR-98/01)(2) reported that on July 6, 1998, in
Pensacola, Florida, two passengers died on Delta Flight
1288 during an aborted take-off attempt as a result of
an uncontained engine failure. The cause was linked to
a flawed maintenance inspection that failed to identify
a detectable crack in the engine hub. Other reports that
questioned the effectiveness of NDI/NDT inspections
include the United Airlines crash at Sioux City, Iowa,
on July 17, 1989 (NTBS/AAR-90/06)(3), and a rapid
decompression event on Aloha Airlines Flight 243, near
Maui, Hawaii, in April of 1988 (NTBS/AAR-89/03)(4).
These accidents resulted in passenger and flight crew
fatalities, as well as the loss of millions of dollars due
to legal actions and lost revenue due to reduced public
confidence in these airlines. Whether or not the poor
visual performance of inspectors was specifically to blame
in these instances may never be determined beyond a
reasonable doubt; however, these events emphasize the
importance of an effective medical surveillance program
for NDI/NDT personnel thatincludesasuitably rigorous
vision-screening process to keep their visual performance
at optimal levels.

Although most aircraft maintenance personnel must
meet minimum qualification standards upon initial
employment and to become certified' for performing
specific NDI/NDT procedures, the vision performance
requirements observed at private, military, and commer-
cial aircraft maintenance facilities lack standardization.
Furthermore, there is currently no federal regulation that
identifies specific occupation-based vision standards for
these individuals. On September 26, 2001, in recogni-
tion of this general lack of national policy concerning
qualification requirements for NDI/NDT personnel,
the FAA’s Production and Airworthiness Division (AIR-
200) prepared a memorandum to address the issue (5).
The memorandum recommended adopting minimum
qualification and certification standards originally devel-
oped by several national and international organizations
for NDI/NDT personnel. The standards identified in
this memorandum were those found acceptable by the
FAA for assuring that only qualified individuals perform
NDI/NDT procedures (Table 1).

"American Society of Nondestructive Testing, Inc. (ASNT),
Recommended Practice No. SNT-TC-1A, defines qualified as
“demonstrated skill, demonstrated knowledge, documented training
and documented experience required for personnel to propetly perform
the duties of a specific job”; certified is defined as: “written testimony
of qualification.”

The FAA Aircraft Maintenance Division (AFS-300)
and the Airworthiness TCRG (Technical Committee
Research Group) recently recommended that the mini-
mum vision performance standards adopted by industry
be reviewed to determine if they are adequate for all tasks
performed by NDI/NDT personnel and, if necessary,
research be performed to aid in the development of a
task-based vision standard. In support of this research
effort, multiple studies were performed to analyze the
demographic characteristics (6) and vision-task require-
ments of NDI/NDT and visual inspectors (7). The results
of these studies will be provided in separate reports. The
presentreportidentifies the medical surveillance programs
utilized at selected aircraft maintenance facilities in the
United Statesand determines how these facilities currently
perform the vision testing necessary to verify the ocular
status of their employees.

METHODS

A research protocol was developed to assess the visual
performance demands placed on workers performing
maintenance inspections. Due to resource limitations, this
initial investigation identified the visual performance re-
quirements of three specificinspection procedures. These
procedures included fluorescent penetrant, borescope,
and visual inspection. Personnel and facility surveys were
conducted, visual-task datawere collected, and reviews of
medical surveillance programs for inspection personnel
were performed at five commercial airline maintenance
facilities, two private aircraft repair stations, and one
military aircraft repair facility. We analyzed the vision
standards currently applied to NDI/NDT personnel
and the vision screening tests used at these facilities to
confirm thatworkers meet the level of vision performance
required by these standards.

RESULTS

The vision standards at the maintenance facilities
surveyed are presented in Table 2, including near vision,
distantvision, color vision requirements, and the interval
for testing used by each facility. (Note: The names of
the maintenance facilities are withheld for the sake of
anonymity and letter identifiers were assigned.)

Table 3 summarizes the actual vision tests used for
medical surveillance of NDI/NDT personnel at the

facilities surveyed.



Table 1: FAA Recommended Vision Standard for NDI/NDT Personnel

VISION

DISTANCE

STANDARD NEAR VISION VISION COLOR INTERVAL
Distinguish and
Jaeger #1 at not less differentiate between
MIL-STD-401E than 12” or equivalent None. colors used in the Annual

with one eye, either
natural or corrected.

method for which
certification is sought
(Practical alternative).

ATA Specification 105

Snellen 20/25 or Jaeger
#2 in at least one eye.
Vision required from
both eyes.

Snellen 20/50 in at least
one eye. Vision required
from both eyes.

Distinguish and
differentiate between
colors used in the
method.

Not to exceed two years.

AIA NAS 410 (May

Jaeger #1 test chart at
not less than 12" or
equivalent as

Distinguish and
differentiate between

Near vision annually and
color perception tests

1996) determined by medical None. colors used in the shall be administered
personnel with one eye, method for which prior to certification or
either natural or certification is sought. recertification
corrected.

Reading a minimum of The candidate can
Jaeger #1 or Time T
distinguish and
Roman N4.5 or . .
equivalent letters at not differentiate contrast
ISO 9712 (1999-05-01) d None. between the colours Annual

less than 30cm with one
or both eyes, either
corrected or
uncorrected.

used in the NDT method
concerned as specified
by the employer.




Table 2. Vision Standards at Selected Maintenance Facilities

Facility Near Vision Distant Vision Color Interval
Near Vision, of at least one eye, either . -, . Color perception will be measured by the
Distant vision, of at least one eye, either - -
corrected or uncorrected, must be such corrected or uncorrected, must be equal HRR Pseudo-lsochromatic Screening
(A) that the employee can read SNELLEN . ; series or Ishihara Color Vision Tests. Any 2 years
. to or better than SNELLEN equivalent of L -
equivalent of 20/25 (Jaeger #2 or Ortho- 20/30 deficiencies are subject to approval of the
Rater #8). Medical and NDT departments.
Near Vision of at least one eye, either
corrected or uncorrected, must be such  {Distant vision of at least one eye, either {Color vision shall be considered along
(B) that the inspector can read Snellen corrected or uncorrected, must be equal  iwith any physical requirements for 2 years
equivalent of 20/25 (Jaeger #2 or Ortho- ito or better than Snellen equivalent 20/30 {inspection personnel at facility B.
rater #8).
The applicant must be capable of reading
a minimum of Jaeger Number 2 letters at
a distance of 12” on the standard Jaeger iDistant Vision, of at least one eye, to Color vision will be checked to determine
© Test Chart, or equivalent, in at least one ibetter than SNELLEN equivalent of any deficiencies that applicant has when 2 years
eye, either corrected or uncorrected. 20/30. performing MT or PT.
Must be such that the employee can read
SNELLEN equivalent of 20/25.
Near vision of at least one eye, either
corrected or uncorrected, must be such  iDistant Vision of at least one eye, either
that the individual can read Snellen corrected or uncorrected, must be equal {Color contrast differentiation - capable of
(D) equivalent of 20/25 or Ortho-Rater #8 to or better than Snellen equivalent of distinguishing and differentiating contrast Yearly
(Jaeger #1 @ 12” for NDI Inspectors) 20/30. among colors.
(Jaeger 2 @ 12 inches for visual
inspectors)
Color perception — Shall be given to all
Near Vision — An annual examination by NDI technicians at the same time as
©® a medical technician using Snellen None vision examination. Must be able to Annual
equivalent of 20/25 or Jaeger #1 @ 12 “ distinguish and differentiate between
or equivalent, may be corrected colors using the method for certification
sought
Near Vision - Jaeger #1 test chart at not Color Perception: Distinguish and
F less than 12 “ or equivalent in with one None differentiate between the colors used the Annual
eye, either natural or corrected. method for which certification sought
Natural or corrected near distant such that
the individual is capable of reading with Individual shall be capable of
©) at least one eye, the Snellen equivalent of None distinguishing contrast between colors 2 years
20/25. (Ability to perceive Ortho-Rater using Ishihara color plates or another
minimum of eight or similar test pattern method which gives equivalent results.
is also acceptable)
Visual acuity (natural or corrected vision ;Visual acuity (natural or corrected vision iColor Perception - Normal color vision is
(H) required to the following standard inat  jrequired to the following standard inat  {required for inspection personnel assigned 2 years

least one eye) Near Vision 20/20 Snellen
equivalent required.

least one eye) Near Vision 20/25 Snellen
required standard.

to an inspection process in which color
differentiation is essential.




Table 3: Vision Screening Methods Used by Selected Maintenance Facilities
- .. Distant Vision
Facility Near Vision Test Used Color Test Used Test Performed By
Test Used
Stereo Optical Vision Stereo Optical Vision Tester
(A) Stereo Optical Vision Tester Tp and/or On-site Medical Personnel
ester -
Ishihara PIP
(B) Stereo Optical Vision Tester Stereo C.)r%tslfgl Vision Stereo Optical Vision Tester On-site Medical Personnel
© EPSDT near Snellen card Snellen Wall Chart Ishihara (Concise Ed.) On-site Non-medical
Personnel
Titmus Vision Tester Titmus Vision Tester
(D) Site 1 and/or Titmus Vision Tester and/or
Western Optical Reading Card Good-Lite PIP On-site Medical Personnel
(D) Site 2 Western Optical Reading Card Snellen Wall Chart Good-Lite PIP
. . - Off-site Occupational
(E) Titmus Vision Tester N/A Dvorine PIP Medicine Personnel
. . Richmond International On-site Occupational
) Graham-Field Jaeger Reading Card NIA Pseudoisochromatic Plate Test Medicine Personnel
(G) Titmus Vision Tester N/A Titmus Vision Tester On-S|_te_ Occupational
Medicine Personnel
. . Stereo Optical Vision Tester
(H) Stereo Optical Vision Tester Stereo Optical Vision and/or On-site Medical Personnel
Tester -
Ishihara PIP

DISCUSSION

Administrative differences in medical surveillance
programs and the latitude allowed by the recommended
vision standards resulted in considerable variation in vi-
sion screening methodology among the facilities surveyed.
For example, larger maintenance facilities are more likely
to have on-site clinics with medical personnel on staff
to provide emergency and routine medical support for a
substantial number of workers. Repair stations employ a
considerably smaller workforce and may provide a medi-
cal professional (full or part-time), arrange periodic visits
from local occupational healthcare providers, or contract
their medical surveillance needs with off-site clinics.

Anaircraft maintenance worker’s job classification and
vision performance requirements can vary within certain
limits, and oversight is dependent on the administrative
policy of the employer. At some facilities, NDI/NDT
operationsare keptindependentofvisual inspection activi-
ties, allowing for clearly defined job titles, responsibilities,
and vision performance requirements between NDI/
NDT specialists and visual inspectors. In these facilities,
NDI/NDT specialists may be allowed to perform most
visual inspection tasks, but not all visual inspectors are
qualified to perform certain NDI/NDT procedures due

to training and certification requirements associated with
these tasks. In other maintenance facilities, NDI/NDT
specialists and visual inspectors were combined into a
single department under a common administrative staff
with identical medical surveillance practices. When this
structure isapplied, vision performance requirements must
logically default to the most stringent standard required
forany inspection task performed at the facility. However,
even when two facilities perform similar maintenance
tasksand apply similaradministration policies, minimum
vision performance requirements and vision screening
tests can vary, depending on the particular recommended
standard adopted by the facilities.

Work-related specifications often dictate the type of
inspection or test required for a particular aircraft and/or
aircraft component. These specifications also impact
the qualification and certification requirements of the
individual performing the work. The certification pro-
cess often requires the worker to meet a specific vision
standard. In other words, depending on the type of work
being performed, an employee’s vision requirements are
more closely associated with the individual’s qualification
and certification requirements than his specific job title

(NDI/NDT specialist or visual inspector).



Vision screening is further complicated due to multiple
specifications for minimum visual acuity requirements
used to certify NDI/NDT specialists who perform par-
ticular procedures. For example:

NAS 410 (1996) recommends: “Near Vision - Jaeger
#1 test chartat notless than 12 inches or equivalent visual
examination as determined by medical personnel.”

SNT-TC-1A recommends: “Jaeger Number 2 or
equivalent type and size letter at the distance designated
on the chart but not less than 12 inches (30.5 cm) on a
standard Jaeger test chart.”

Jaeger or similar test cards are used mainly to determine
whetheran individual hasadequate accommodative abil-
ity or whether the near addition in spectacles (i.e., the
bifocal addition) is sufficient for older individuals (Figure
1). The earliest reading test cards to attain widespread
popularity were introduced by Jaeger in 1854 and are
still in use. Print sizes are numbered for reference with
the prefix J (i.e., Jaeger number), the smallest size being
J1.Each progressively larger textis noted with an increase
in the ] number. In some references, J1 is reportedly
equivalent to 20/15 optotype and J2 to 20/20 optotype.
However, tests are often implemented inconsistently

with different cards and no specified test distance (8).
Originally, the “Jaeger number” simply referred to the
number on the boxes in the print shop from where
Jaeger selected his type; therefore, the number had no
correspondingbiological or optical foundation (8). Jaeger
values have undergone a number of revisions over the
years, but the “Revised Jaeger Standard” was adopted
in the late 1950s (9). The Revised Jaeger Standard rec-
ommends that all near testing be kept at 14 inches. At
this distance, J1 is equivalent to 20/20 Snellen visual
acuity (10). Moving a chart closer or further away than
the recommended testing distances changes the visual
angle of the optotypes, resulting in changes to the visual
acuity required to read the chart. If the Revised Jaeger
Standard is used but the testing distance is changed,
as has been recommended in some of the NDI/NDT
vision standards, the actual visual acuity measured will
vary. For instance, when the Revised Jaeger Standard is
used, for J1 to be equivalent to 20/15 and J2 equivalent
to 20/20, the test must be performed at a distance of
17.5 inches. For someone with presbyopia, reading a
near vision chart is easier at greater distances because
there is less accommodative demand.

&
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In the second century of the Christian era. the empire of Rome comprebesded the falrest
art of the earth, and the most eivilized portion of mamkind, The frentiers of that extensive
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peacetul inkabitants enjoyed and hned e vantages of weallh.

No. 2.

.50M
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Nerva, Toajan, Hadrian, and the two Antomines. [t is the design of this and of the two
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wards, from the death of Marcus A atoninus, te deduce the mest important clireumstances
af its decline dnd fall; a revolution which will ever bt remembared, and is still felt by

No. 3.
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the nations of the earth, The principal conquesis of the Romanawere achioved
under the republic; and the emperora, for the most part, were satisfied with pre-
serving those which had been d by the policy of the senate, the
active emulations of the consuls, and the martial enthusiasm of the people. The
seven first centories were filled with a rapid succession of triumphs; but it was

No. 4.

-75M
reserved for Augnstus to relinguish the ambitious desj%ni subduing the
‘whole earth, and to introduce a spirit of modemtion into the public councils.
Inelined o peace by his temper and situation,it was very easy for him to
discover that Rome, in her present exalted situation, had much less to
hope than to fear from the ehance of arms; and that, in the prosecution of

No. 5.

1.00M
the undertaking became every day more difficult, the event more
doubtful, and possession more Precarious, and less beneficial.
The experience of Angustus added weight to these salutary reflec-
tions, and effectually convinced him that, dy the prudent vigor of

No.6.

1.25M
his counsels, it would be easy to secure every conmcession which
the safety or the dignity of Rome might require from the most
formidable barbarians. Instead of exposing his person or his
legions to the arrows of the Parthinians, he obtained, by an honor-

No. 7.
1.50M

able treaty, the restitution of the standards and prisoners
which had been taken in the defeat of Crassus. His gen-
erals,in the early part of his reign, attempted the reduction
of Ethiopia and Arabia Felix. They marched near a thou-
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sand miles to the south of the tropic;but the heat of
the climate soon repelled the invaders,and protected
the unwarlike natives of those sequestered regions
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The northern countries of Europe scarcely de-
served the expense and labor of conquest.
The forests and morasses of Germany were
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filled with a har{iy race of barbarians
who despised life when it was separated
from freedom; and though, on the first
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attack, they seemed to yield
to the weight of the Roman
power, they soon, by a signal
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Figure 1. Jaeger Near Vision Card



Unfortunately, the actual visual acuity measured
with Jaeger cards can vary even when the recommended
14-inch test distance is maintained. Depending on the
manufacturer, the size of print (point size) on Jaeger
cards may vary by half a point. Therefore, J1 can be 3 to
4 point, or 20/20 to 20/25 Snellen acuity at a 14-inch
(35 cm) test distance, while ]2 can be 4 to 5 point, or
20/25 to 20/32 Snellen acuity at the same test distance
(8). As a result of this inconsistency, it is suggested that
reduced Snellen visual acuity charts be adopted for near
vision tests should modifications be made to the current
recommended vision standards.

In addition to differences in the devices used to con-
duct vision screening, the way they were administered
also varied among facilities. Vision standards at most
of the surveyed facilities required that inspectors meet
the minimum acuity requirement in at least one eye
(corrected or uncorrected). Only Facility D tested all
inspectors’ binocular vision function as well as each eye
independently. Eyecare practitioners routinely measure
visual acuity in each eye, separately, as this practice can
detect small changes in refractive error and may indicate
functional changes in the visual pathway that can result
from a pathological condition. However, if a person
is monocular (i.e., < 20/200 in poorer eye), binocular
acuity will be equal to that of the eye with better vision.
For a binocular person, the binocular measurement is
usually one-half to two lines of optotype better than
that of the eye with better vision. Since most workers
are binocular, a binocular measurement of visual acuity
may better predict a person’s functional capability in the
workplace. However, measurement of monocularacuities
should also be encouraged to better detect pathological
and functional changes in vision.

As this study shows, a number of tests are currently
used to measure visual acuity at near distances. Jaeger
cards were the most commonly used testing device for
near vision by the facilities surveyed. As previously
mentioned, depending on the manufacturer, Jaeger
cards may vary in print size. The Rosenbaum near vi-
sion testing card is another widely used card, but some
versions have been shown to be inaccurate because the
optotypes are not properly scaled to the Snellen system
(i.e., Rosenbaum optotype is 38-62% larger) (11,12).
Other testing methods included reduced Snellen charts
and vision screeners such as the Stereo Optical and Tit-
mus units. While all of these test methods are considered
acceptable when properly administered, problems can
arise when one method is used for near vision tests and
another is used for distance. When testing a presbyopic
person, the test card is often kept at the distance where
the person’s corrective lenses make the image clearest,
not at the specific distance required for proper test chart
calibration. Automated vision testers, such as the Titmus
or Stereo Optical vision testers (Figure 2), should be
carefully maintained (e.g., optics and slides kept clean,
change bulb periodically) and require some degree of
training to be used effectively. Inaccurate findings may
result when using these instruments if the person ad-
ministering the test has not had adequate training and
does not perform testing correctly (13,14). Vision testers
are designed to be tabletop instruments that optically
simulate a test distance of 14 inches for near tests and 20
feet for distant tests. The actual nearness of the test slides,
however, can stimulate an unintentional convergence of
the eyes by the observer (proximal convergence) leading
to less reliable findings (15).

X :j

Figure 2. Stereo Optical (L) and Titmus (R) Vision Testers



As aresult of these difficulties, use of a reduced Snellen
visual acuity card (Figure 3), similar to the Near Vision
Acuity chart (FAA Form 8500-1) used by the Federal
Aviation Administration, should be encouraged. The
card should be held at 16” (40 cm) from the eyes, at
right angles to the line of sight, and illuminated with not
less than 10 nor more than 25 ft-candles of light. The
automated vision testers, such as the Titmus or Stereo
Optical vision testers, are acceptable alternatives as long
as testing is performed as instructed by the manufacturer
and by properly trained personnel.

Observations of inspectors on-the-job have found that
a substantial percentage of time is dedicated to work at
intermediate distances (20-30”) (7) and the average age of
the workforce is 45 years (6). Because an inspection item

may notbeaccessibleat the inspector’s prescribed best-cor-
rected near visual acuity distance, an intermediate vision
test may be necessary to assess a presbyopic individual’s
visual performance capabilities more accurately. The
current FAA aeromedical standard for first- and second-
class pilots 50-years of age or older is 20/40 at 32” (16).
A similar age-specific intermediate vision standard may
be appropriate for NDI/NDT personnel (7).
Distantvisual acuity is not required by all the standards
recommended by the FAA. However, when distance acuity
is included as a requirement at a particular maintenance
facility, the required visual acuity ranged from 20/20 to
20/50(5). Visual acuity at distance is most often measured
with high contrast letter charts, and there are numer-
ous charts available that can be used at different testing

This chart should be held

acuity at 32 inches.
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distances. The present international recommendation
for distance visual acuity testing is based on a measure-
ment of 4 m (13 ft), because a 6 m (20 ft) distance is not
always possible in some examining rooms. In addition,
to be comparable with the distance visual acuity, it is
more desirable to measure near visual acuity with the
same test symbols or optotypes as used for visual acuity
at distance. Finally, the luminance level use for the test
affects visual acuity values and, therefore, standardization
is important. For standardization of test results, a Snellen
20-foot eye chart or equivalent vision-screening device
is recommended for testing NDI/NDT personnel. The
chart should be placed 20 feet from the applicant’s eyes
and the 20/20 line should be placed at approximately eye
level. The eye chart should be illuminated by a 100-watt
incandescent lamp placed 4 feet in front of and slightly
above the chart. Care should be taken to preventdirect or
reflected glare from interfering with the applicant’s view
of the chart. The examination room should be darkened,
with the exception of the illuminated chart.

The color vision standards recommended for aircraft
maintenance personnel often only require the ability to
distinguish and differentiate colors used in specific testing
or inspection tasks. Some facilities surveyed used sophisti-
cated color vision tests, while others used modified versions
of these tests. It is often stipulated that practical tests be

employed should an individual fail the initial color vision
test. The myriad of possible variations in practical color
vision tests effectively eliminates the potential for any
standardization. However, when optimal color perception
is required, the most commonly used color vision screening
tests in optometric clinics are the American Optical (AO)
or the Ishihara pseudoisochromatic plates with numbers.
Many different tests have been produced containing similar
designs to the Ishihara plates; however, the color quality
often varies and none are superior to Ishihara for color
vision screening (17). At some facilities, the “Ishihara
Concise Edition,” introduced in 1989, was being used.
However, it has been reported to be less accurate than the
Ishihara 24- or 38-plate series (17). The Concise Edition’s
14 test plates differ from the other Ishihara test plates
in that they are printed on white background instead of
individual white cards interleaved onto a black surround,
as illustrated in Figure 4 (18). Additionally, the size of
the color difference step determines the level of difficulty
for the test. If this is inappropriate, either false positives
or false negatives will result. If the color difference step is
too small, someone who has normal color vision may be
incorrectly diagnosed as color deficient, or if the color step
is too large, some color deficient observers may be incor-
rectly classified as normal trichromats (18). Individuals
who fail the pseudoisochromatic plate test may need to

Concise Edition (14 plate) Sample

Figure 4. Ishihara Color Vision Tests

38-Plate Unlettered Sample



be quantitatively assessed by using a functional test such
as the Farnsworth Panel D-15 test (Figure 5). In this test,
the person arranges colored caps in order starting with a
blue “pilot” cap so that the next cap is closest in color with
the previous. The advantage of this test is that the patient
cannot memorize the test, as the caps are mixed, making
each test situation new. The test reveals both the axis of
the color deficiency, whether red-green or blue-yellow, and
the severity of the deficiency.

Regardless of the color vision test used, testing condi-
tions are critical for the validity of the tests. When non-
standard illumination is used, those with color deficiencies
may pass tests they would ordinarily fail, and those with
normal color vision may fail tests they would ordinarily
pass (19). lllumination should closely approximate north-
ern skylight in natural daylight (19). It is recommended
thatall measurements of color vision be done under a day
light lamp with a color temperature close to 6774K, the
Commission Illumination de E” Clairage (CIE) standard
illuminant. Currently, the Richmond True Daylight HRR
[luminator with an easel stand meets CIE illumination
standards for color vision testing.

In summary, it is evident from this review that the
vision standards and medical surveillance practices vary
greatly at different aircraft maintenance facilities. Even
when the vision standard used had similar performance
requirements (near and distance acuity, color vision), the
method of application (who is tested) and administration
(who performs the tests) differed, as did the method used
for validation (vision screening test performed). Other
differences included the time interval between exami-
nations, the location for testing, and whether the tests
are performed binocularly or monocularly. A review of
the existing vision screening tests at other maintenance
facilities may be necessary so that a meaningful spec-
trum of tests can be recommended that will effectively

Figure 5. Farnsworth D-15
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characterize an inspector’s vision as adequate for the tasks
performed. Use of standardized tests would also provide
better quality control and a more accurate evaluation
of visual capabilities for inspection personnel. Practical
application of vision testing can improve the reliability
and effectiveness of many inspection tasks and enhance
aviation safety.
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