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INTRODUCTION

By government regulation and industry practice, instructions accompanying distribution of
medical devicesto the public are termed "' labeling'. Medical device labeling consists of
directionson how to use and care for medical devices. It dsoincludessupplementary
information necessary for understandingand safety, such asinformation about risks,
precautions, warnings, potential adversereactions, etc. Thisregport presentsprinciplesfor
medical devicelabeing for use by labeling developers and designers. These principlesarejust
as applicableto supplementary informationand labelson medical devicesas they areto the
instructional bookletsthat accompany devices.

Clinical and laboratory detailsof valueto professionaswho prescribe or sell medica devices
alsoare included under labeling. Many of thesedetailsare further subsumed under thetitle
"packageinsat'. Labeling and packageinsertsare regulated by thefederal government under
the requirementsfor labeling drugs and medica devices. Federal regulationsrequirethat .
labelingfor medical devicesbe provided in aspecificformat. Theseregulationsare containedin
21 CFR Rt 801. Completeand accuratelabeling isimportant to thesafe, reliableoperation of
medical devices, whether used by the consumer in the home or by the professiona inthe
hospital.

Thisreport describesand extendsthefindings of an FDA project that examined the
effectivenessof |abeling for soft contact |enses, a widely used medical device(Callan,
Gwynne, Cardinal, & Kelly, 1990; Gwynne, Cardinal, Easterly, & Callan, 1991; Gwynne,
Provo, & Callan, 1992). One outcomeof that project was aset of recommendationsfor making
contact lenslabeling more useful to the consumer. Many of those recommendationsare
valuablefor labeling medical devicesin general, not just contact lenses. The recommendations
are presented hereas principlesfor developing labelingfor dl medical devices.

This report may be viewed as acompaniondocument to the FDA booklet, Write | t Right:
Recommendationsfor Developing User Ingtruction Manualsfor Medical Devices Used in
Home Health Care. That booklet provided guidancefor the entire process of producingan
instruction manua, from initial planning to disseminationof thefinal product. This report
focuseson amore general aspect of that process, the underlying principlesof instruction,

human factors, and cognitive psychology that are involved in designing effectivelabeling for
medical devices.

This project viewed medical devicelabeling in terms of content and presentation/ format.
Content refersto the typesof information that should be included in instructiona material.
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Presentation/ format refers to the manner and stylein which that informationisconveyed.
When used together, they contributegreatly to the devel opment of effective Labding for medical
devices. Content and presentation / format ar e discussed in this report in termsof thefollowing
areas:

Content Presentation / Format
Organization Languageand Readability
Background Information [llustrationsand Graphics
Procedures Highlighting
Risk Communication Typography and Legibility
Supplementary Information Physicd Characteristics

Researchin document design, human factors, and cognitive psychology in each of these areas
has been summarized and integratedto provide principlesof effective medical devicelabeling.
A referencelist of articlesand booksis provided after thediscussionof eacharea. The
bibliography at theend of th's report containsacompleteset of referencesfor each area. A third
section of thisreport discussestopicsthat arerelated to medica devicelabeling, although not
central to the main concernsof thisreport. Thesetopicsincludeinstructional theory, methods
for evaluating medical devicelabeling, aternativeinstructional media, and regulations,
standards, and guidelinesfor medical devicelabeling.

CONTENT

Organization

Organization refersto how topicsin labeling are arrangedin rel ation to each other. Organization
isamajor determinant of how well labeling can be understood and followed. In generd, the
first section should contain background information about the purpose of a medical device.
Mention any significant hazards associated with device use here. Ensuing sections should
describe proceduresfor operating and maintaining the device. Sections discussing possible
health risks and devicetroubleshooting are often needed, too.

Titles, headings, subheadings, and summariesare examplesof organizationelements. They aid
rapid location of information, improve retention of device operation, motivate users to useto
labeling regularly, and emphasize the order in which procedures are performed. Organization



elements such astablesof contentsand marginindex tabs help readerslocatepecifictopics.
They aso promotean understandingof how proceduresare related to each other.

Thetabledf contentsfrom the modd |ens care booklet, displayed bel ow, shows how
descriptivetitlesfor headingsand subheadingscommunicate the content of each section. These
titles correspond word-for-word with the headings and subheadingsin the booklet text.

Organization Example

TABLE OF CONTENTS

LenSCar @ QM .uuveeeeeessssrrrrmsssssermnnsssssrssnssssssrnnnsssssrsnnsssssrenns 2
001110 3
GeNneral PreCautions .....ccceeeeeessssnmmmmssssssssssssssssmmnnnnnnnnsssssssssssssnnnnns 4
PUtting ON L eNSESuummmsarrsssrssasssssrsssssssassssssssasssssessassssssssanssssnssaness 9
TaKing Off LENSES.cieeeeerrrrrrrssssssssssssssssssssssns sessssssssssssssssssssennnns 17
Cleaningand DiSINfECtION....cceererrrsramrrrrrsssmrerrssss srrassmsssassassnnssnns 21
Cold (Chemical) DiSiNfECtiON.uvees sersesssssssssnsssan ssns srssnns seveen 26
Heat (Thermal) DiSiNfeCtioN...cuuuesreriss srnnrrnnnrnsnsnsnsnnnnns 28
Emergency Heat DiSiNfeCtioNuummesmsasssasssasssanssans snmssnnssnns 0
ENzymeCleaningeusseesssrsassssnnssrsnssrsnnssssnssrsnssrsnnssssnssrnns 32
Lens Case Cleaningand Disitfection ... uussessssssssssassssssansens 33
What To Do When You Have ProblemsWhile WearingLenses vuveeeeeess 35

Organization References

Asubel, D.P. (1960). Theuseof advance organizersin the learning and retention of
meaningful verba materid. Journal d Educational Psychology, 51, 267-272.

Blaiwes, A.S. (1974). Formatsfor presenting procedurd instructions. Journal & Applied
Psychology, 59, 683-686.

Hartley, J, & Jonassen, D.H. (1985). Theroled headingsin printed and el ectronictext. In

D.H. Jonassen (Ed), The technology d text, Val. 2 Englewood Cliffs, NI Educationa
Technology Publications.

Hartley, J., & Trueman, M. (1981). Theeffectsof changesin layout and changes in wording
on preferencesfor ingtructional text. Visble Language, XV, 13-31

Hartley, J., & Trueman, M. (1985). A research strategy for text designers: The role of
headings. Instructional Science, 14, 99-155.



Mayer, RE. (1979). Can advance organizersinfluence meaningful learning? Revi ew d
Educat i onal Research, 37.37 1-383.

Tips on Organization
* Organizelabeling topicsaccording to device operation and
maintenancerequirements
* Separate different sections by titles, headings, and subheadings

 Advanceorganizers, such astablesof contents, aid user
understanding by delimiting mgjor sectionsof labeling

Background Information

Background information consists of information that device users should know before
operatinga medical device. Present backgroundinformationearly in labeling, beforethe
procedures on how to operate and maintain thedevice, and keep it in aseparatesection. This
prevents background information from distracting users while they operate adevice.
Background information includes thefollowing el ements:

* Intended Purposeof theDevice  * DeviceComponents
» General Warnings « Conditionsof DeviceUse
» Suppliesand Materids » User Preparation

Intended Purpose of the Device

Describethe purposeof thedevice, themedical need of personswho useit, and indicationsfor
using it. Explain how theinformation supplied by the deviceshould be used under thedirection
of a health care professional to monitor or treat medica conditions.

Device Components

Describeeach devicecomponent and itsfunctionin enough detail so thedevice user can
understand how the deviceoperates. Furnish adeviceillustration with each component clearly
label ed along with the text description. Stressthe need for users to familiarizethemsel ves with
device componentsbefore using thedevice.



If thedeviceiselectronic or mechanical, provideexplanationsfor all mgjor devicefeaturesand
operations, such as.

* Operatingmodes » Battery loadingand testing
* Display messages * Cleaningand maintenance
+ Control actuation * Cdibration

General Warnings

A warning isastatement that nakes adevice user awareof thefact that a severeadverse hedth
consequencecan arisefrom deviceuse. General warningsconsistof crucia information needed
before operatinga device. Anexampleof ageneral warning istheneed to stop using adeviceif
certain symptomsarise. State general warningsabout deviceuseat anearly pointinthe
labeling. (In contrast, state specific warningsin the appropriate proceduresections, just before
the step to which they gpply.) Discuss hazardsassociated with noncompliant deviceuse and
pitfallsin interpreting test results. Avoid technical jargon so that thelay user can understand the
warning. Present warningsin special formats that draw attentionto them. The Presentation/
Format section of thisreport discussesseveral possibleformatsfor warnings.

Conditions of Device Use

State the conditions required to operate amedical devicesafely and reliably. Discussany
conditionsthat can impair deviceoperation, such as excessivetemperatureor humidity.
Otherwise, users may operateadevice under coriditionsthat producefaulty deviceoperation or
inaccuratetest results. State the consequencesof operating adevice under unacceptable
conditions. Discussstorageconditions, emphasizing those conditionsthat could damage the
device. Provideinformation about special handling of thedeviceor itssuppliesas appropriate.

Supplies and Materials

Describeand illustrate all suppliesand materials needed to operateor maintaina device. Specify
quantity, size, and typefor al supplies needed, whether or not they accompany the device.

User Preparation

Tests performed by some medical devicesrequirethat certain itemseither be ingested or not be
ingested prior to or during the test. Makesure the |abeling makesthis requirement clear.



Background Information References

Bailey, R W (1989). Hunan performance engineering (2nd ed.). Chapter 20: Documentation.
Englewood Cliffs, NI Prentice Hal.

Savol, RM., Charles, H.C., Danid, A., Kafka, M T. ,Romano, R M, Thilman, D.,
Tomaszewski, JP, & Vetter, C. (1989). Labding of home-usein vitro testing products.
Proposed Guiddine. Nationa Committeefor Clinica Laboratory Standards (NCCLS)
Document GP 14-P, Vd. 9, No. 8. Draft version.

Tips on Background Information

« Providebasicinformation about the purposeof device

* Providegenerd information about how to usethedevice
» State generd warningsand precautions

» List andillustratesuppliesneeded to use the device

Procedures

A procedureisaset of stepsthat tells the user how to operate or maintainamedical device.
State proceduresin short sentencesand familiar words; otherwise, user error is likely to occur.
A proceduremay be accompanied by arationaleor further explanation that directsuser
performance. For example, tips about potentid pitfallsin deviceoperationcan help the user
avoid mistakes. Makethisinformation brief and locateit next to the relevant step.

Preinstruction Statement

Provideastatement emphasizing the need to carefully read al instructions before using adevice
at the beginning of labeling. A referencesource such as acustomer ass stancetelephone
number is also useful at this point.

Step-by-step Instructions

Proceduresshould be broken down into aseriesof short, discretestepsinstead of asinglelong
paragraph. This makesit easier for device usersto performthe correct actionswhile refemng
to thelabeling. Each proceduremay includethefollowing informetion:

. Conditions under which the procedureshould be performed
- Supplies and equipment needed



« Timing requirementsfor time-critical Seps
« Factorsthat influencedevice useor test results
Examplesto darify text and illustrations, as nesded

Thefollowing exampled a procedure comesfrom the modd |ens care booklet:

Instructions Example

STEP 5 = Place Lens on Your Eye
Paceyour lenson thetip o your index
finger.

Hadld doawn thelower eydid with themiddle
finger o thesame hand and look up.

Pacethelenson thelower portionof the
whitepart of theeye

Look doan and removeyour finger from the
lens. Thelens should then center itsdlf.

Reading and Interpreting Test Results

Include adescription of how test resultsshould be reed and interpreted. Thefollowing
dementsareessentid to thisdescription.

Cautionary Notes on Reading Results. Explicitly state any conditionsthat can influence
thereading of test results. Examplesdf theseconditionsincludetiming of reections, and
temperature and lighting conditionsunder which resultsare read.

Reading Results. Describefully the procedure for obtaining test results. If amathemeatical
computationis required, furnishan example,

Interpreting Results. Interpret the meaning o al possibletest results. The proper treatment
o ambiguousresultsas wel asthelimitationsdf thetest areimportant to congder when
interpreting results. State the range of acceptableresults so that invaid results can be detected.

Acting on Results. Describe the action to follow for agiven result. Examplesinclude
seeking advicefrom a hedth care professond or retesting to confirm atest result. Makethe

user avaredr the possihility o obtaining invaid results, the hazards associated with acting on
them, and ways to detect them.



Procedures References

Carroll, J. M Smith-Kerker, PL., Ford, JR., & Mazur-Rimetz, SA. (1987-1988). The
minimal manua. Human—Computer | nteraction, 3, 123-153.

Charney, D.H., Reder, LM., & Wells, GW. (1988). Studiesaf eaboration in instructional
texts. In S. Doheny-Farina(Ed.), Effective documentation: What we have learned from
research. Cambridge, MA: MIT Press,

Hartley, J. (1978). Designing instructional text (pp. 101-111). London: Kogan Page.

Hartley, J. (1990). Isthistext any use? Methodsfor evauating text. In JR. Wilson and E. N.
Corlett (Eds.), Evaluation d human work: A practical ergonomics methodology (pp. 248-
270). London: Taylor & Francis.

Wieringa, D., Moore, C,, & Barnes, V. (1993) Procedure Writing, Principles and Practices.
Columbus: Battelle Press.

Tips on Procedures

» Emphasizeactionsand skillsinvolved in medical device use

* Specify required steps and necessary testing conditions.

* Specify necessary suppliesand materids.

» Do not diluteprocedures with excessivejustifications and rationaes.

Risk Communication

Risk communicationtellsthedevice user about the potential hazardsof operating adevice and
how to minimize them The Nationa Research Council (1989) identifiedsevera risk
communicationcontent areasthat areespecially important to medical devicelabeling. They
include harmful effects that can occur asaresult of using adevice, theincidenceof harmful
effects, and environmental factorsthat influencedevice use Theseareas take many factorsinto
account, including device operationa features and requirements, user group characteristics,
conditionsunder which adeviceis used, and the type and incidence of harmful effects
associated with device use.

Risk Communication References

National Research Council (1989). | mproving risk communication. Washington, D.C.:
National Academy Press.

Ryan, JP. (1991). Design of warning labels and instructions. Newv York: Van Nostrand
Reinhold.



Wogdlter, M. S, Allison, S. T., & McKenna, N. A. (1989). Effectsof cost and social
Influence on warning compliance. Human Factors, 31, 133-140.

Wogalter, M. S,, Godfrey, S. S, Fontenelle, G. A. Desaulniers, D. R, Rothstein, P. R, &
Laughery, K. R. (1987). Effectiveness of warnings. Human Factors, 29, 599-612.

Young, SL., & Wogdlter, M.S. (1988). Memory of instruction manual warnings: Effects of
pictorial iconsand conspicuous print. In Proceedingsd the Human Factors Society, 32nd
Annual Mesting (pp. 905-909). Santa Monica, CA: Human Factors Society.

Tips on Risk Communication

+ Do not minimize harmful effects associated with device use.

* Includeincidenceof harmful effectsif known.

* Provideremediesfor harmful effectsor refer to appropriate authority.
¢ Describeenvironmental factorsthat i nfluenceoperatorsand devices.

Supplementary Information

Supplementary information consists of informationthat the device user will find helpful over
thecourse of timeof usingadevice. It can includeinformation about the device, ameansfor
recording test results, and a descriptionof thetrestment or monitoringregimen that thedevice
user isfollowing. Supplementary information isoften best presentedin atablerather than as
text. This helps the device user to rapidly and easily locatespecificitemsof information.

Device Information

List the complete brand name, model number, and date of manufactureof thedevice. Include
the name, address, and telephone number of the device manufacturer and distributor so that the
device user can obtain moredetailed informationabout the device.

Record of Test Resaults

Many devices measuresome physiological or biochemical processin aseriesdf testsover an
extended time period. I n these cases, includeaformfor recording the date, time, and results of
each test. Thisrecord can be used by a health care professiona in diagnosisand treatment.

Thefollowing example comes from the model lenscare booklet. It illustrates the type of
supplementary informationthat device users often find to be vauable.



Supplementary Information Example

LENSOWNER
Name

Street

City / State/ Zip
Phone

Lens Prescription

LENSCARE PRACTTTIONER
Name

Street

City / Sate/ Zip

Phone

Prescription Date

LENS | TYypE | powrR | DIAMETER | BASE | CURVE
RIGHT | l | | }
LEFT__| | | ! !
APPOINTMENT SCHEDULE LENSMANUFACTURER’S PHONE NUMBER
Date Time

Date Time Typeof Disinfection System (check one)

Date Time Cold (Chemical) E

Date Time Heat (Thermal)

Tips on Supplementary Information

* Providespecific, completeidentification information about thedevice
* Indude name, address and tdephonenumber of the device manufacturer

« Provide adequatespacefor recor ding information specific to the patient
and hisor her health careregimen such asviststo a health care professonal.
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PRESENTATION / FORMAT
Language and Readability

Languageisthecorrect, succinct, and clear use of wordsin order to convey information.
Readability is therel ativeease with which text can be understood. In terms of medical device
labeling, good language and readability amount to stating instructionssimply, directly, and
unambiguoudly. They minimizereading effort and make labeling understandableto as many
readers as possible.

Each procedureshould consist of short, concise sentenceswrittenin simple, familiar words.
Split procedures into several short paragraphsinstead of usingasmaller number of longer
paragraphs; thisimprovescomprehension and readingspeed. Use the active voicerather than
the passivevoice. Do not dilute procedureswith lengthy justificationsand rationdes; they draw
the reader's attentionframthe procedural steps. Minimizetechnica terminology, polysyllabic
words, and complicated expressions.

Readability, often neglected by authorsof medical devicelabeling, assesses how hard
instructionsareto read. Readability measuresdepend on writing style (word use, sentence
characteristics) rather than on content. Write labeling so that itsreadability liesbelow the user
group's reading gradelevel. The sixth gradelevel isagood target for readability. Labeling
written at thislevel can be understoodby most device users.

Language and, Readability References

Bailey, RW. (1989). Human performance engineering (2nd ed.). Chapter 20: Documentation.
Englewood Cliffs, N Prentice Hi| .

Coke, E. U. (1976). Readingrate, readability and variationsin task-induced processing.
Journal of Educational Psychology, 68, 167-173.

Coleman, E.B. (1962). Improving comprehensibility by shortening sentences. Journal of
Applied Psychology, 46, 131-134.

Gunning, R. (1968). Thetechnique of clear writing (rev. ed.). New York: McGraw-Hill.

Kincaid, J. P, Fishburne, R. P., Rogers, R. L., & Chissom B. S. (1975). Derivation of new
readability formulas for Navy establishment personnel. Naval Training Command,
Research Branch Report 8-75.

Klare, G.R. (1979). Writing to inform: Making it readable. Information Design Journal, 1, 98-
105.

Mills, G.H., & Walter, JA. (1986). Technical writing (5th ed.). New York: Holt, Rinehart,
and Winston.
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Monteith, M. K. (February, 1980). How well doesthe average American read? Somefacts,
figures, and opinions. Journal d Reading, ERIC/RCS, 460-464.

Strunk, W., & White, E.B. (1979). Thedlementsd style. (3rd ed.). New Y ork: Macmillan.

Wright, P, & Threlfall, M.S. (1980). Reader's expectations about format influencethe
usability of an index. Journal d Research Communication$ udi es, 2, 99-106.

Tips on Language and Readability

» Writeshort, direct sentences

» Usethe positive, activevoice

» Useshort, simple, familiar, non-technica words
» Keepreadability at or below sixth gradelevel

[llustrations and Graphics

Illustrations and graphicsconsist of photographs, drawings, cartoons, tables, and graphs.
They should ssimplify medical deviceoperation by augmenting text descriptions. Illustrations
and graphicsare usualy remembered better than words. They aso reducereaders relianceon
text, adecided advantagefor poor readers.

In most cases, do not includeillustrationsif they simply repeat thetext. Instead, usethemto
show aspect s of device operationthat are hard to express verbally. L ocateillustrationsand
graphics next to therelevant text. This keepsthereader's eyesfrom jumping around the page
from thetext to the accompanyingillustration. Take particular care to ensurethat illustrations
accurately correspondto the rel ated text description.

Illustrationsshould beclear, simple, and uncluttered. Each illustration should convey only one
idea; thisreduces user error. Photographsconvey the exact appearanceof objectsand show
themin threedimensions. Linedrawingsemphasi ze specific detailsand object dimensions
(Bailey, 1989).

Color illustrationsare generaly preferred over black and whiteillustrations. They attract and
hold readers attention better due to their lifelikecharacter and greater conspicuity (Marcus,
1992). Research conducted as part of this project found astrong subjective preferencefor color
illustrations. This preference resulted in more attention being given to instructionswith color
illustrations. At the same time, however, no definite link has been established between the use
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of color and improved task performance, although col or used in conjunctionwith other

highlightingtechniques does promoteimproved memory for task features(e.g., Young &
Wogalter, 1988).

Theflow chart below, developed as part of the model lens care booklet, showsthe
effectivenessof illustrationsin medica devicelabeling. A flow chartisagraphica way to
depict procedures. It neatly summarizesthecompleteset of proceduresinvolved in cleaning

and disinfectingsoft contact lenses. It isa valuable memory aid for experienced userswho are
already familiar with lenscare procedures.

Graphics Example*

Cleaning &
Disinfection

Wash hands

Place lens in palm . B
Fill case with § ! M Boilapan
Apply cleaning lff disnteeung Bl o op wacer ff instrctons

Rub lens-both Soak lenses | - | Boil empty Clean and

sides~20 seconds case &caps disinfect
for at least lenses

10 minutes*

for 4 hours } disinchtion
Rinse lens with . i ot
saline solution Rinse lenses St
before o . .
Place lens in . disinfection Air dry
lens case P2 case & caps
. & Rinse lenses
Disinfect - o before

lenses [ wearing

$Exact wor ding may differ, depending en lens care system J

[llustrations and Graphics References

Barker, E., & Krebs, M.J. (April 1977). Color coding effectson human performance: An
annotated bibliography. Arlington, VA. Officeof Nava Research.

Birren, F. (1978). Color and human response. New Y ork: Van Nostrand Reinhold.

Houghton, H.A., & Willows, D.M. (Eds) (1987). The psychology d illustration, Val. 2,
Instructional issues. New Y ork: Springer.

Jonassen, D.H. (1982). The technology o text. Englewood Cliffs, NJ Educational
Technology Publications.
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Lewis, E. (1988). Design principlesfor pictoria information. InS. Doheny-Farina (Ed.),
Effective documentation: What we have learned from research. Cambridge, MA: MIT
Press.

Marcus, A. (1992). Graphicdesign for eectronic documentsand user interfaces (Ch. 4, Color,
pp. 77-96). New York: ACM Press.

MacDonald-Ross, M. (1977). Graphicsin text: A bibliography. In L.S. Shulman (Ed.),
Review of research in education, vol. 5. Ttasca, IL: Peacock

Tufte, ER. (1983). Thevisual display of quantitative information, Cheshire, CT: Graphics
Press.

Twyman, M. (1985). Using pictorial language: A discussion of thedimensionsof the problem.
InT. M. Duffy & R. Waller (Eds.), Designing usable texts (pp. 245-312). New York:
AcademicPress.

Willows, D.M., & Houghton, HA. (Eds) (1987). The psychology of illustration, Val. 1,
Basicresearch. New York: Springer.

Winn, W.D., & Holliday, W.G. (1982). Design principlesfor diagrams and charts. In DH.
Jortl)z;.ssen (Ed.), The technology of text. Englewood Cliffs, NJ Educational Technology
Publications.

Wright, P. (1982). A user-oriented approach to the design of tablesand flow charts. In D.H.
Jortl)allssen (Ed.), The technology of text. Englewood Cliffs, NJ: Educational Technology
Publications.

Young, SL, & Wogalter, M.S (1988). Memory of instruction manual warnings: Effects of
pictorial icons and conspicuous print. Proceedings of the Human Factors Society, 33rd
Annual Mesting. SantaMonica, CA: Human' FactorsSociety.

Tips on lllustrations and Graphics

* Useillustrationsand graphics to augment and clarify text
* Depict only onestep ineach illustration

* Placeillustrationsand graphics next to relevant text

* Ensurethat illugtrations are clear and clean

* Use photographsfor realism

 Uselinedrawings to capturedetails

Highlighting

Highlighting emphasizesimportant aspectsof medica deviceoperation by calling attentionto
them visually. Highlighting techniquesincludethe useof color, bold face, underlining, reverse
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printing, varied font styles, boxing-in of text, offsetting bordersand backgrounds, and white
space. Highlighting providesvisual relief, stressesimportant points, and setsoff sectionsand
subsectionsof text. Highlighting should be applied consistently throughouta given piece of
labeling. Take care not to overuseit, or itsimpact will be lessened.

White Space

Use white space between sectionsto improvethe appearanceof adocument, makeit easier to
read, and emphasi ze divisions between mgjor procedures. Takecareto not useexcessivewhite

space between lines of text. Too much whitespace between lines impairsreading speed,
comprehension, and legibility. Excessivewhitespacealsoi ncreases printing costsand makesa

set of instructionsunnecessarily lengthy. On the other hand, if the amount of space between

li |stoosmall thelines wi|l blur together for many readers, especially those with
VPSle?)n La 1n Wlh insufficient whil tg meofteg]goks crarsf)pe?icc 1)s' }'I Sef‘ Whlte
Space can used to delimit different sections in aset of instructions. It can draw the

reader's attention to partsof labeling the author wishesto emphasize. For example, whitespace
can lead the reader to specific placesin theinstructionsin thisfashion. The eyeskipsover areas
that the author wants the reader toignoreand instead focuseson important i nformation about
how to operateor maintaina medical device.

Boxing-in and Bolding

Other highlighting techniquessuch as boxing-inand bolding can emphasizecritica
information. The following exampleswere taken from the mode contact lensinstruction
booklet developed in this project:

A WARNING A

Serious injury to the eye and loss
of vision may result from problems
with contact lenses and lens care
solutions.

Immediately call or visit your eye
care practitioner for persistent
symptoms of any eye discomfort,
watering, vision change, or redness.
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Highlighting References

Fowler, RL., & Barker, A.S (1974). Effectivenessof highlightingfor retention of text
material. Journal o Applied Psychology, 59, 358-364.

Hartley, J. (1978). Designing ingructional text (pp. 59-66). London: Kogan Page.

Hartley, J. (1980). Space and structurein instructional text. InJ Hartley (Ed.), The
psychology of written communication (pp. 127-144). London: Kogan Page.

Hartley, J, Bartlett, S,, & Branthwaite, JA. (1980). Underlining can make a difference—
sometimes. Journal of Educational Research, 73,218-224.

Marcus, A. (1992). Graphicdesign for electronic documentsand user interfaces. New Y ork:
ACM Press (Ch. 4, Color, pp. 77-96).

Miller, L. (February 1991). Do the whitething. Macintosh Magazi ne, 48-50.

Tips on Highlighting

* Leaveamplewhitespace between linesand at marginsand borders

» Useoffsettingbordersor backgrounds

* Boldface, italics, color, and reverse printing emphasizeimportant steps
« Section headings and subheadingsclarify the organization of labeling

« Boxing-inemphasizeswarningsand other critical information

Typography and Legibility

Typography isthe arrangement, style, and general appearanceof material printed from type. It
encompasses variouscharacteristicsof print, including typefonts, type size, and typestyles.
Correct typography increasesthelegibility of adocument, minimizesfatigue, maximizes
information transmission, and helpsthe device user locatedesired information (Simpson &
Casey. 1988).

Legibility determinesthe ease with which reading materia can be accurately perceived under
device operatingconditions. It isan important factor in medica devicelabeling, especially
when devices are operated by personswho, becauseof age or physical condition, suffer
impaired vision. Legibility isclosely related to typographical features. For example, typesize,
typestyle, and linewidth tend to interact to determinethelegibility of adocument.
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Type Size

Use alarge enough typesizefor thelabeling to belegibleto the intended user audience.

Because many medicd device usersareolder people, typesizeis an especialy important

featureof medical devicelabeling.

9-point and smaller type makesit likely that readers will skip the material or develop eyestrain.

10-point type is an acceptableminimum sizefor general audiences, but not for theelderly.

12-point type is an excellent compromi se between the need to conservespace and to present
legibleinstructions. Twelve-point typeisaso the best overall sizefor visually impaired
persons and theelderly.

14-point type is good for visually impaired readers and the elderly.

18-point type should be used sparingly, if at all.

Type Font

Most typefontsin common use areabout equally legible, although Times Roman is perhaps
theleast fatiguing (Simpson & Casey, 1988). Serif typeiseasier to read than sans-serif type.
(A serif isafine horizontd line finishing off the main strokeof aletter.) Use serif type
whenever possible. Labeling printed in several different fonts retards reading speed.
Use acommon font consistently throughoutadocument. Minimize the use of
multiple fonts.

Line Length

Long linelengths are thenormfor non-instructional, narrativewriting printed on standard
|etter-size paper, such as this report.

Thebest linelength for an instructionbooklet printedin 12-point
typeis4.0 + 1.25 inches. Longer lines may strain theeyeasit
scans across their entire length, making it easier to jump to the
wrong next line. Thisis an especidly crucia considerationfor
medical devices, wherethestepsof each operating procedure
must be performedin their correct sequence.

Shorter lines (lessthan 2.5 inches)
dow reading due to thelarge
number of back-and-fortheye
movements required while reading
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even asinglesentence. Curtail or
eliminatethe useof shorter lines.

All Capitals and Italics

TEXTPRINTEDINALL CAPITAL LETTERS INTERFERESWITH LEG B LI TY AND
TAKESUPMORE SPACE. IT ALSOSLOWSREADINGSPEED (BY ASMUCH AS 20%,
T NKER 1963) BECAUSE THE SHAPESOF THELETTERS DO NOT VARY GREATLY.
Similarly, use italicized type sparingly because it also retards reading speed.

If used judicioudy, however, ALL-CAPITALS and italicscan highlight important text.

Thefollowingexample of the proper useof all-capitals isfrom the modd |lenscarebooklet:

ALL-CAPITALS Example

Thisbooklet explains how to takecareof your
soft contact lenses.

READ TH SBOOKLET CAREFULLY from
beginning toend. KEEPIT to help answer
questionsabout your lenscare.

If you have more questionsabout care and
wear of soft contact lensesafter reading this
book, cal or vist your eyecare practitioner.

Ragged right margins makelabeling easier to read than right-justified text. Readerscan keep
track of their place because the right profile hel psdistinguish one linefrom another. Theeye
does not have to adjust to variablespacing between words asit does with right-justified lines.
Proportional spacing produces uniform spacing between letterswithin aword.

Black print on a white backgroundisauniversa standard for print contrast. Minimizethe use
of hyphenation; it requiresthe reader to remember thelast syllableon the previousline,
Persons with limited vision or poor memory often find this to be difficult.

Typography and Legibility References

Davenport, JS., & Smith, SA. (1965). Effectsof hyphenation, justificationand type sizeon
readability. Journalism Quarterly, XLII, 382-388.

Foster, J, & Coles, P. (1977). An experimental study of typographiccueing in printed text.
Er gononi cs, 20, 57-66.
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Klare, GR., Nichols, WH., & Shuford, EM. (1957). Therelationship of typographical
arrangement to thelearning of technica materid. Journal & Applied Psychology, 41, 41-
45.

North, A.J, & Jenkins, L.B. (1951). Reading speed and comprehensionas a function of
typography. Journal & Applied Psychology, 35, 225-228.

Payne, D. E (1967). Readability of typewritten materia: Proportional versusstandard
spacing. Journal d TypographicResearch, 1, 125.

Poulton, EC. (1972). Size, style, and vertical spacingin thelegibility of small typefaces.
Journal d Applied Psychology, 56, 156-161.

Swezey, RW. (1984). Optimizinglegibility for recall and retention. In R. Easterby and H.
Zwaga (Eds.), Information design (pp. 145-156). Chichester, England: Wiley.

Tier, MA. (1963). Legibility of print. Ames, IA: lowaState University Press.
Waller, R H W(1982). Text asdiagram: Using typography toimprove accessand

understanding. In D.H. Jonassen (Ed.), The technology d text, I (pp. 137-166).
Englewood Cliffs, NI Educational Technology Publications.

Tips on Typography and Legibility

» Useadequatetypesize (12 pt. is the best all-around type size)
» Useserif typefor text and sans sexif for titles and headlines

* Proportional spacing isimportant for ease of reading

« Maintain high print to backgroundcontrast ratio

» Keeplinelength short enoughfor readingease

* Ragged right margins are preferred

« Minimizehyphenations, especially in short words

» Usewordsin all-capitals anditalicsjudicioudy

Physical Characteristics

Physical characteristicsof labeling influenceitsease of use and subjectiveappea. Documents
should becompact, accessible, and easily used under actual deviceoperatingconditions. These
factors contribute to the extent to which labeling is read, comprehended, followed, and
retained. Desirable physical characteristicsfor medica devicelabeling stem from two factors:
(& how the document will be used and (b) the updating requirement.
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Documentssuch as technical manuasar e typicaly used when adeviceis not being operated.
These documentsar e often book Iength and should be sized accordingly. Other documents,
such as operator's bookletsand quick referenceguides, are used whileoperating a medical
device. They must bedesigned for ease of accessand use, which necessitatesa smaller format.

Updatingadocumentinvolvesadding or deleting pages. Ring bindingisidea for meeting this
requirement. Spiral bindingispreferablefor documentsthat will not be modified (Simpson &
Casey, 1988). All documentsshouldlay flat without assistanceso that userscan have both
handsfreeto operatethedevice.

Paper with adull finishis better than glossy paper, which can producea distracting reflection
into the eye. Paper should be heavy enough to prevent show-through.

Physical Characteristics References
Hartley, J. (1978). Designing instructional text (pp. 9-12). London: Kogan Pege.

Simpson, H., & Casey, S M(1988). Designing effectiveuser documentation: A human—
factorsapproach (Ch.8). New York: McGraw—Hill.

Tips on Physical Characteristics

» Usean orientationthet allows text and graphicsto be displayed together
» Makesize appropriateto purpose

* Usebinding type appropriateto updating requirement

¢ Ensurethat documentw! lay flat

* Paper should haveadull fini sh and not show through

RELATED TOPICS
Instructional Theory

Much research has been conducted on the theoretical bases of teaching peopleto operate
devices. Specificdetails of thesetheories lie beyond the scope of thisreport. It is appropriateto
mention instructional theory, however, becauseit hasinfluenced the principlesof medical
devicelabeling presented in this report. The referenceslisted below are most relevant to
medical devicelabeling. The bibliography contains papers related to more theoretica topics
which are nonethel ess applicableto labeling design, development, and evaluation.
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Instructional Theory References

Britton, B.K., Glynn, SM., Meyer, B.JF.,, & Penland, M.J. (1982). Effectsof text structure
on useof cognitivecapacity during reading. Journal d Educational Psychology, 74, 51-
61.

Chase, W.G., & Clark, H.H. (1972). Mental operationsin the comparison of sentences and
pictures. In L. Gregg (Ed.), Cognitionin learning and memory. New York: Wiley.

Clark, HH., & Chase, W.G. (1972). On the process of comparing sentencesagainst pictures.
Cognitive Psychology, 3,472-517.

Freebody, P., & Anderson, R.C. (1986). Serial position and rated importancein therecall of
text. Discourse Processes, 9, 31-36.

Kern, RP. (1985). Modeling usersand their useof technical manuals. In T. MDuffy and R.
Waller (Eds.), Designingusable text. New York: Academic.

Reder, L.M., Charney, DH., & Morgan, K.I. (1986). Theroleof elaborationsin learning a
sdll from an instructional text. Memory and Cognition, 14, 64-78.

Ross, B. (1984). Remindings and their effectsin learning acognitiveskill. Cognitive
Psychology, 16, 371-416.

Schmalhofer, F.J, & Glavanov, D. (1986). Threecomponentsof understanding a
programmer's manual: Verbatim, propositiona and situational representations. Journal d
Memory and Language, 25, 279-294.

Evaluation of Medical Device Labeling

Labelingfor amedical devicethat has been approved by FDA should undergo premarket
testingand eval uation. Pretesting involvesthesystematiccollection of datafrom membersof
theintended user group on variouscharacteristicsof thelabeling. Pretesting can identify
specific strengths and weaknessesof |abdling. Use thefindings from pretesting to improve
labeling before thedeviceis brought to market.

Pretestsof |abeling should focuson oneor moreof thefollowing areas. user comprehension,
user performance, acceptability, and credibility. Focus on the characteristicsof theintended
user group to make thelabeling most effectivefor them. A mgjor shortcomingsof much
medical devicelabdlingisthat it has not been written with the target usersin mind.
Consequently, users have often misunderstoodor been unableto comprehend [abeling.

Several methods can be used to pretest medical devicelabeling, including focus group
interviews, in-depth individual interviews, questionnaires, and readability testing. Most often,
some combination of these methods must be used to develop the most effective labeling
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possible. The accompanying referencelist containsrepresentativearticles and monographsthat
illustratehow these methods are used to assess, evaluate, and improve medical device labeling.

Evaluation References

Basch, C.E. (1987). Focus group interview: An underutilized research techniquefor improving
theory and practicein health education. Health Education Quarterly, 14, 411-448.

Gould. E., & Doheny-Farina. S. (1988). Studying usahility in thefield: Qualitative research
techniquesfor technica communicators. In S Doheny-Farina(Ed.), Effective
documentation: What we have |earned from research.Cambridge, MA. MIT Press.

Hartley, J. (1990). Isthistext any use? Methodsfor evaluating text. In JR. Wilsonand E. N.
Corlett (Eds.), Evaluation of hurnan work: A practical ergonomics methodology (pp. 248-
270). London: Taylor & Francis.

Higginbotham, JB., & Cox, K.K. (1979). Focus group interviews. A reader. Chicago:
American Marketing Association.

Klare, GR. (1974-1975). Assessing readability. Reading Research Quarterly, 10, 62-102.

Savol, RM., Charles, HC,, Daniel, A, Kaka, M.T., Romano, RM., Thilman, D.,
Tomaszewski, JP, & Vetter, C. (1989). Labelingdf home-usein vitro testing products.
Proposed Guiddine. Nationa Committeefor Clinical L aboratory Standards(NCCLS)
Document GP 14-P, VVal. 9, No. 8.

United States, DHHS, PHS, NIH (1984). Pretesting in health communications: Methods,
examples, and resourcesfor improving health messagesand materials. NM Publication
No. 84-1493, Appendix C, pp. 46-47.

Alternative Instructional Media

This report has been concerned exclusively with printed |abeling as the meansof instructing
personsto operate medical devices. Theinstructional valueof mediaother than printed labeling
has recelved little research attention todate. Yet preliminary findings are noteworthy. For
example, participantsin the user observation studiesof this project preferredindividual
demonstrationsand videotapesover printed labeling. And multimediainstructional packages
produce more compliant performancethan any singleinstructiona medium. Thus, athough
printed materials play an important rolein teaching people how to operate medical devices,
alternativemedia merit investigation. Thefollowing referencelist providesasampling of
research on mediaother than printed labeling.
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Alternative Instructional Media References

Culbertson, V.L., Arthur, T. G,Rhodes, PF., & Rhodes, RS (1988). Consumer
preferencesfor verba and written information. Drug Intelligenceand Clinical Pharmacy,
22, 390-396.

Gagliano, M.E. (1988). A literaturereview on theefficacy of video in patient education.
Journal d Medical Education, 63, 785-792.

Jenkinson, D., Davison, J, Jones, S,, & Hawtin, P. (1988). Comparison of effectsof aself
management booklet and audiocassettefor patients with asthma. BritishMedical Journal,
297, 267-270.

Miller, G, & Shank, J.C. (1986). Patient education: Comparativeeffectivenessby meansof
presentation. The Journal & Family Practice, 22, 178-181.

Reith, S, Graham, JL., McEwan, C., & Fraser, K.J (1984). Video as a teaching aid. British
M edical Journal, 289,250.

Rubens, P, & Krull, R. (1985). Applicationdf research on document design to online
displays. Technica Communication, 32, 29-34.

Regulations, Standards, and Guidelines

Regulations, standards, and guidelineshelp ensure that medical devices are designed,
manufactured, and used in asafeand effectivemanner. Regulationsare rules, restrictions, or
controls prescribed by a condtituted authority. Standardsidentify specific, essential
requirementsfor materials, methods, or practices'.Like regulations, standards are applied
without modification. Guiddinesare developed through consensusand describecriteriafor
general operating practice, procedure, or materid. Guiddinesaretheleast binding of the three
categoriesof prescription, and may be used as written or modified tofit particular needs.

Regulations, Standards, and Guidelines References

United States, Code of Federd Regulations, Title 21 Food and Drug Administration, DHHS,
Part 801, Labeling, Subpart C, Labeling requirementsfor over-the-counter devices.

United States, Code of Federd Regulations, Title 21 Food and Drug Administration, DHHS,
Part 809, In vitro diagnostic products for human use, Subpart B, Labelingfor in vitro
diagnostic products.

United States, DHHS, PHS, FDA (1986). Labding: Regulatory requirement$or medical
devices. HHS Publication FDA 86-4203.

23



BIBLIOGRAPHY

General Document Design

Adams, KA., & Halasz, |.M. (1983). 25ways to improveyour software user nanual s.
Worthington, OH: Technology Training Systems.

Alfonso, E., Mandelbaum, S., Fox, M. ,& Forster, RK. (1986). Ulcerative keratitis
associated with contact lens wear. American Journal d Ophthalmology,101,429-433.

Alvarez, JA. 1]1980) TheElementsd Technical Writing. New Y ork, Harcourt Brace
Jovanovich.

Andrews, D.C. & Blickle, M.D. Technical Writing: Principlesand Forms. New Y ork,
Macmillan.

Austin, M. (1985). Technical Writing & Publication Techniques. London, William
Heinemann.

Backinger, C.L. and Kingsey, PA. ?August, 1993). Writelt Right: Recommendations for
devel oping instructional manualstor medical devices used in home health care. Rockbille,
Md.: Food and Drug Administration(FDA).

Bailey, RW. (1989). Human performance engineering (2nd ed.). Chapter 20: Documentation.
Englewood Cliffs, NJ. Prentice Hall.

Berry, E. (1982). How to get usersto follow procedures. | EEE Transactions on Professiona
Communications, 25, 22-25.

Burbank, L., & Pett, D. (1986). Designing printed instructional materias. Performance and
Instruction, 25, 5-9.

Carroll, JM., Smith-Kerker, PL., Ford, JR, & Mazur-Rimetz, SA. (1987-1988). The
minimal manual. Human—Computer I nteraction, 3, 123-153.

Carter, JF. (1985). Lessonsin text design from an instructional design perspective. InT. M
Duffy & R. Waller (Eds.), Designing usable texts(pp. 145-156). New Y ork: Academic
Press.

Cunningham, D.H. & Cohen, G. (1984) Creating Technical Manuals. A Step-by-step
Approach to Writing User Friendly Instructions. New Y ork, McGraw-Hill.

Duffy, T.M. (1981). Organizing and utilizing documents design options. Information Design
Journal, 2, 255-266.

Duffy, TM., & Waller R. (Eds) (1980). Designing usable texts. New York: Academic Press.

Duffy, T.M., Curran, T.E., & Sass, D. (1983). Document design for technical job tasks: An
evaluation. Human Factors, 25, 143-160.

Duffy, T.M., Smith, G., & Pogt, T. (1985). Technical manual production: an examination of
four systems. Communications Design Center, Technical Report, 19, Pittsburgh:
Carnegie-Mellon University.

24



Doheny-Farina, S (Ed.) (1988). Effective documentation: What we have learned from
research. Cambridge, MA: MIT Press.

Felker, D., Pickering, F., Charrow, V.R, Holland, V. M, & Fedish, JC. (1981). Guidelines
for document designers. Washington, D.C.: American Ingtitutesfor Research.

Felker, D.B. (Ed.) (1980). Document design: A review of the relevant research. Washington,
D.C.. Americanlngtitutesfor Research.

Hartley, J. (1978). Designing ingtructional text. London: Kogan Page.
Hartley, J. (Ed.) (1980). The psychology of written communication. London: Kogan Page.

Hartley, J. (1981). Eighty waysof improving instructional text. |EEE Transactionson
Professonal Communication, PC-24, 17-27.

Hartley, J., & Burnhill, P. (1977). Fifty guiddinesfor improvinginstructional text.
Programmed Learning and Educational Technology, 14, 65-73.

Horn, RE. (1976). How to write information-mapping. Lexington, MA. Information
Resources, Inc.

Houp, K.Vgl.I & Pearsall, T.E. (1992). Reporting Technical Information (7thed.) New Y ork,
Maxwell.

Jonassen, D.H. (1982). Thetechnology d text. Englewood Cliffs, NI Educational
Technology Publications.

Kieras, D.E,, Tibbits, M., & Bovair, S. (1984). How expertsand nonexpertsoperate
€l ectronic equipment fromingructions. Technical Report, 21, University of Michigan.

McCabe, B.J, Tysinger, JW., Kreger, M., & Currwin, A.C. (1989). A dtrategy for
designing effective patient education materids. Journal of the American Dietetic
Association, 89, 1290-1295.

Mcléaughlin, GH. (1966). Comparingstylesof presenting technical information. Ergonomics,
, 257-259.

Mills, G.H. & Walter, JA. (1986) Technical Writing (5th ed.) New Y ork, Holt, Rinehart, and
Winston.

Misanchuk, ER. (1992). Preparing instructional text: Document design using desktop
publishing. Englewood Cliffs, NJ Educationa Technology Publications. .

Moran, M.G. & Journet, D. (1985). Researchin Technical Communication. Westport, CT,
Greenwood Press.

Price, J (1984). How to write a computer manual: A handbook of software documentation.
Menlo Park, CA: Benjamin/Cummings Publishing Company.

Rubcnsl, P, Ed. (1992) Stienceand Technical Writing. A Manual of Style. New Y ork, Henry
Holt.

25



Ryan, JP. (1991). Design of Warning Labels and | nstructions. New York: Van Nostrand
Reinhold.

Rice, V.H., & Johnson, JE. (1984). Preadmissionsdf—ingtruction booklets, postadmission
exercise performance, and teachingtime. Nursang Research, 33, 147-151.

Schriver, KA., Hayes, JR., Danley, C.C,, Wulff, WA., Davies, L., Cerroni, K. Graham,
D., Flood, E., & Bond, E. (1986). Designing computer documentation: A review of the
relevant literature. Fittsburgh, PA: Communications Design Center, Carnegie—Mellon
University.

Schoff, G.H. & Robinson, PA. (1984). Writing & Designing Operator Manuals. Belmont,
CA, LifetimeLearning Publications.

Simpson, H., & Casey, SM. (1988). Developing effective user documentation: A human
factors approach. New York: McGraw-Hill.

Sticht, T. (1985). Understandingreaders and their uses of text. In T.M. Duffy and R. Waller
(Eds), Designing usabletexts (pp. 315-340). New Y ork: Academic.

Sullivan, MA., & Chapanis, A. (1983). Human factoring a text editor manud. Behavior.and
Information Technology, 2, 113-125.

Swezey, RW. (1987). Design of job aidsand procedurewriting. In G. Salvendy (Ed.),
Handbook of human factors (Ch. 8.6). New York: Wiley.

Weinman, J. (1990). Providing writteninformationfor patients: psychological considerations.
Journal of the Royal Society of Medicine, 83, 303-305.

Weiss, E.H. (1985). How to write a usable user manual. Philadel phia: ISI Press.
Wheatly, D.M., & Unwin, AW. (1972). Thealgorithmwriter's guide. London: Longmans.

Wiedman, T., & Ireland, F. (1965). A new look at procedures manuas. Human Factors, 7,
371-377.

Wieringa, D., Moore, C. & Barnes, V. (1993) ProcedureWriting, Principlesand Practices.
Columbus, OH, Battelle Press.

Wright, P. (1977). Presenting technical information: A survey of research findings.
Instructional Science, 6, 93-134.

Wright, P. (1980). Usability: Thecriterionfor designing written information; In PA. Kolers,
M.E. Wrolstad, and H. Bouma (Eds.), Processing of visible language, 2 (pp. 183-206).
New York: Plenum.

Wright, P. (1988). Issuesof content and presentationin document design. In M. Helander
(Ed.),Handbook of human—computer interaction.(pp. 629-652). Amsterdam: North—
Holland.

Wright, P, & Reid, F. (1973). Written information: Some aternative to prosefor expressing
the outcomes of complex contingencies. Journal of Applied Psychology, 57, 160-166.

26



Wright, P, Creighton, P, & Threlfail, SM. (1982). Somefactors determining when
instructionswill be read. Ergonomics, 25, 225-237.

Organization

Asubdl, D.P. (1960). The use of advanceorganizersin thelearning and retention of
meaningful verbd materid. Journal d Educational Psychology, 51, 267-272.

Blaiwes, A.S (1974). Formats for presenting procedurd instructions. Journal d Applied
Psychology, 59, 683-686.

Fleming, M.1. (1970). Perceptud principlesfor thedesignof instructional materias.
Viewpoints, 46, 69-200.

Fowler, RL., & Barker, AS (1974). Effectivenessd highlightingfor retention of text
material. Journal & Applied Psychology, 59, 358-364.

Haney, R. (1969). Theeffectsof format on functiond testing performance. Hurman Factors,
11, 181-188.

Hartley, J. (1980). Spaceand structurein instructiona text. In J. Hartley (Ed.), The
psychology d written communication (pp. 127-144). London: Kogan Page.

Hartley, J, & Jonassen, DH. (1985). Therole df headingsin printed and electronictext. In
D.H. Jonassen (Ed.), The technology d text, Val. 2. Englewood Cliffs, NJ. Educational
Technology Publications

Hartley,J, & Trueman, M. (1981). Theeffectsof changesin layout and changesin wording
on preferencesfor instructiona text. VisbleLanguage, XV, 13-31.

Hartley, J, & Trueman, M. (1985). A research strategy for text designers: Therole of
headings. Instructional Science, 14, 99-155.

Hartley, J, Bartlett, S, & Branthwaite, J A. (1980). Underliningcan makeadifference-
sometimes. Journal d Educational Research, 73, 218-224.

Judisch, JM., Rupp, BA, & Dassinger, RA. (1981). Effects of manual styleon
performancein education and machine maintenance. IBM SysemsJournal, 20, 172-183.

Kammann, R. (1975). Thecomprehensibility of printed instructionsand the flowchart
alternative. Hunan Factors, 17, 183-191.

Marcus, A. (1992). Graphicdesignfor eectronic documentsand user interfaces. New Y ork:
ACM Press (Ch. 1, Layout, pp. 5-27).

Mayer, RE (1979). Can advance organizersinfluence meaningful learning? Review d
Educational Research, 37.37 1-383.

McCarthy, RL., Finnegen, JP., Krumm-Scott, S., & McCarthy, GE (1984). Product
information presentation, user behavior, and safety. In Proceedingsd the Humain Factors
Soci et y, 28th Annua Meseting (pp. 81-85). SantaMonica, CA: Human Factors Society.

Miller, L. (February, 1991). Do the white thing. Macintosh Magazine, 48-50.

27



Reder, LM, & Anderson, JR. (1982). Effectsof spacing and embellishment on memory for
main pointsof atext. Memory and Cognition, 10, 97-102.

Wright, E.E., & Pyatte, J.A. (1983). Organized content technique( GCT) : A method for
presenting informationin education and training. Educational Technology, 23, 13-20.

Risk Communication

National Research Council (1989). Improvingri sk communication. Washington, D.C:
Nationa Academy Press.

Ryalg, JF;] %991). Designd war ni ng labelsand instructions. New York: Van Nostrand
einhold.

Slovic, P. (1987). Perception of risk. Science, 236, 280-285.
Weingtein, N.D. (1989). Optimistic biasesabout personal risks. Science, 246, 1232-1233.

Wogalter, MS ,Allison, ST., & McKenna, N.A. (1989). Effectsof cost and social influence
on warning compliance. Human Factors, 31, 133-140.

Wogalter, M.S, Godfrey, SS, Fontenelle, GA.,, Desaulniers,D.R, Rothstein, PR, &
Laughery, K.R. (1987). Effectivenessof warnings. Human Factors, 29,599-612.

Young,SL., & Wogdlter, M.S. (1988). Memory of instruction manua warnings. Effectsof

pictorial icons and conspicuousprint. In Proceedingsd the Human Factors Society, 32nd
Annual Meeting (pp. 905-909). Santa Monica, CA: Human FactorsSociety.

Language and Readability

Armbruster, B.B., & Anderson, T.H. (1985). Producing ‘considerate’ expository text: Or
easy reading isdamned hard writing. Journal d CurriculumStudies, 17,247-274.

Baker, G.C., Newton, D.E, Bergstresser, P.R. (1988). Increased readability improvesthe
comprehension of written information for patientswith skin diseese. Journal d the
American Academy d Dermatology, 19,1135-1141

Booher, HR. (1975). Relativecomprehensibilityof pictorial information and printed wordsin
proceduralizedinstructions. Human Factors, 17, 266-267.

Broadbent, D.E. (1977). Language and ergonomics. Applied Ergonomics, 8.1, 15-18.

Coke, E.U. (1976). Reading rate, readability and variationsin task-induced processing.
Journal d Educational Psychology, 68, 167-173.

Coleman, EB. (1962). Improving comprehensibility by shortening sentences. Journal of
Applied Psychology, 46, 131-134.

Gopen, G.D., & Swan, JA. (1990). Thescienceof scientific writing. American Scientist, 78,
550-558.

Gough, P.B. (1965). Grammaticd transformationsand speed of understanding. Joumal d
Verba Lear ni ng and Verbd Behavior, 4, 107-117.

28



Gunning, R. (1968). Thetechniqued clear writing (rev. ed.). New Y ork: McGraw-Hill.

Kieras, D.E. (1978). Good and bad structurein simple paragraphs: Effectson apparent theme,
reading time, andrecd |. Journal d Verba Learningand Verbd Behavior, 17, 13-28.

Kincaid, JP.,, Fishburne, RP, Rogers, RL., & Chissom, B.S. (1975). Derivation d new
readability formulasfor Navy establishmentpersonnel. Naval Training Command,
Research Branch Report 8-75.

Klare, G.R. (1979). Writingto inform: Making it readable. Information Design Journal, I , 98-
105.

Mills, G.H., & Walter, JA. (1986). Technical writing (5th ed.). New Y ork: Holt, Rinehart,
and Winston.

Mohammed, MAH., & Swales, IM. (1984). Factorsaffecting the successful reading of
technical instructions. Reading in aForeign Language, 2,206-217.

Monteith, M.K. (1980). How well doesthe average American read? Somefacts, figures, and
opinions. Journal & Reading, ERIC/RCS, 460-464.

Payne, D.E. (1967). Readability of typewritten material: Proportional versus standard spacing.
Journal d TypographicResearch, 1, 125.

Pichert, JW., & Elam, P. (1985). Readability formulas may fool you. Patient Educationand
Counseling, 7, 181-191.

Smith, T.P. (1978). Readability levelsof patient packageinserts. American Journal d Hospital
Pharmacy, 35, 1034.

Strunk, W., & White, EB. (1979). Theelementsd style(3rd ed.). New York: Macmillan.

Walmsley, SA., & Allington, RL. (1982). Reading abilitiesof elderly personsin relation to
the difficulty of essential documents. The Gerontologist, 22, 36-38.

Wright, P, & Threlfall, MS (1980). Reader's expectationsabout format influence the
usability of anindex. Journal & Research Communication Studies, 2, 99-106.
[llustrations and Graphics

Barker, E., & Krebs, M.J. (April 1977). Color coding effects on human performance: An
annotated bibliography. Arlington, VA: Office of Nava Research.

Birren, F. (1978). Color and human response. New Y ork: Van Nostrand Reinhold.
Cleveland, W.S. (1985). Theelementsd graphing data. Monterey, CA: Wadsworth.
Harrison, R.P. (1981). The cartoon: Communicationto the quick. Beverly Hills, CA: Sage.

Houghton, H.A., & Willows, D.M. (Eds.) (1987). Thepsychology d illustration, Val. 2,
Instructional issues. New Y ork: Springer.

29



MacDonald-Ross, M. (1977). Graphicsin text: A bibliog % InL.S Shulman (Ed.),
Review of research in education, val. 5. Itasca, 1L

Marcus, A. (1992). Graphicdesign for electronicdocumentsand user interfaces (Ch. 4, Color,
pp. 77-96). New York: ACM Press.

Marcus, A. (1992). Graphicdesign for electronicdocumentsand user interfaces. New Y ork:
ACM Press (Ch. 5, Visudizing Knowledge: Charts, Diagrams, and Maps, pp. 97-116).

Stone, D.E., & Glock, M.D. (1981). How do young adultsread directions with and without
pictures? Journal of Educational Psychology, 73,419-426.

Tufte, E R (1983). The visual display of quantitativeinformation, Cheshire, CT: Graphics
Press.

Twyman, M. (1982). The graphic presentation of language. | nformation Design Journal,
3, 2-22.

Twyman, M. (1985). Usng pictorid language: A discussion of the dimensionsof the problem.
InT. M. Duffy & R. Waller (Eds.), Designing usable texts (pp. 245-312). New Y ork:
AcademicPress.

Willows, D.M., & Houghton, HA. (Eds) (1987). The psychology of illustration, Vol. 1,
Basic research. New York: Springer.

Winn, W.D., & Holliday, W.G. (1982). Design principlesfor diagramsand charts. In D.H.
Jonassen (Ed.), Thetechnologyof text. Englewood Cliffs, NI Educatlonal Technology
Publications.

Wright, P. (1982). A user-oriented approach to the design of tablesand flow charts. In D.H.
Jonassen (Ed.), Thetechnology of text. Engléwood Cliffs, N Educational Technology
Publications.

Young, SL., & Wogdlter, M.S. (1988). Memory of instruction manua warnings: Effects of

pictorial icons and conspicuousprint. In Proceedingsof the Human Factors Society, 32nd
Annual Meeting (pp. 905-909). Santa Monica, CA: Human FactorsSociety.

Typography and Legibility

Becker, D., Heinrich, J.,, von Sichowsky, RV., & Wendt, D. (1970). Reader preferencesfor
typeface and leading. Journal of Typographic Research, IV, 61-66.

Davenport, JS, & Smith, SA. (1965). Effectsof hyphenation, justification and type size on
readability. JournalismQuarterly, XLII, 382-388.

Foster, J,, & Coles, P. (1977). An experimental study of typographiccueingin printed text.
Ergonomics, 20, 57-66.

Hartley J. (1987). Typography and executive control processesin reading. In B.K. Britton and
SM. Glynn (Eds. g)ogxecutlvecontrol processesin reading. Hillsdale, NJ: Erlbaum.

30



Hartley, J., Fraser, S, & Bumihill, P. (1974). A sdlected bibliography of typographical
research relevant to the production of instructiond materids. Audio Visud Communication
Review, 22, 181-190.

Hershberger, WA., & Terry, D.F. (1965). Typographic cueingin conventiona and
programmed text. Journal & Applied Psychology, 49, 55-60.

Klare, GR, Nichals, W.H., & Shuford, E M (1957). The relationship of typographical

arrangement to thelearning of technical materid. Journal & Applied Psychology, 41, 41-
45.

Marcus, A. (1992). Graphicdesignfor e ectronicdocumentsand user interfaces. New York:
ACM Press(Ch. 2, Typography, pp. 29-50).

North, A.J, & Jenkins, L.B. (1951). Reading speed and comprehension as afunction of
typography. Journal d Applied Psychology, 35, 225-228.

Poulton, E.C. (1960). A note on printing to make comprehension easier. Ergonomics, 3, 245-
248.

Poulton, E.C. (1972). Size, syle, and vertical spacing in thelegibility of small typefaces.;
Journal d@ Applied Psychology, 56, 156-161.

Robinson, D.O., Abbamonte, M., & Evans, SH. (1971). Why serifsareimportant: The
perceptionaf smal print. VisbleLanguage, 5, 353-359.

Swezey, RW. (1984). Optimizing legibility for recall and retention. In R. Easterby and H.
Zwaga(Eds.), Information design (pp. 145-156). Chichester, England: Wiley.

Tinker, M.A. (1963). Legibility d print. Ames, IA: lowaState University Press.

Waler, RHW. (1979). Typographic accessstructuresfor instructional text. In PA. Kolers,
M.E. Wrolstad, and H. Bouma(Eds.), Processing d visblelanguage. New York:
enum.

Waller, RHW. (1982). Text asdiagram: Using typography to improve accessand
understanding. In D.H. Jonassen (Ed.), The technology d text, I (pp. 137-166).
Englewood Cliffs, NI Educationa Technology Publications.

Waller, RH.W. (1985). Using typography to structurearguments. A critical analysisof some
examples. In D.H. Jonassen (Ed.), Thetechnology d text, 2 (pp. 105-125). Englewood
Cliffs, NJ Educational Technology Publications.

Wiggins, R.H. (1967). Effectsof three typographical variables on speed of reading. Journal d
Typographic Research, VVal. I, No. 1,5-18.

Instructional Theory
Anderson, JR. (1982). Acquisition of cognitive skill. Psychologica Review, 89, 369-406.

Britton, B.K., Glynn, SM., Meyer, B.JF., & Penland, M.J. (1982). Effects of text structure
on used cognitive capacity during reading. Journal d Educationa Psychology, 74, 51-
61.

31



Chase. W.G.. & Clark, HH. (1972). Mental operationsin thecomparison of sentencesand
pictures. In L. Gregg (Ed.), Cognition in learning and memory. New Y ork: Wiley.

Clark, E.V. (1971). On the acquisitionof the meaning of beforeand after. Journal d Verbal
Learningand Verba Behavior, 10, 266-275.

Clark, HH., & Chase, W.G. (1972). On the process of comparing sentencesagainst pictures.
Cognitive Psychology, 3, 472-517.

Callins, A., & Gentner, D. (1980). A framework for acognitivetheory of writing. InL. W

Grl?)gg and E.R. Steinberg (Eds.), Cognitive processes in writing (pp. 51-72). New Y ork:
Erlbaum.

Freebody, P., & Anderson, R.C. (1986). Serial position and rated importancein the recall of
text. Discourse Processes, 9, 31-36.

Gagne, RM. (1988). Principlesd instructional design. Fort Worth: Holt, Rinehart, and
Winston.

Glaser, R. (1990). The reemergenceaf learning theory withininstructional research. American
Psychologist, 45, 29-39.

Glaser, R., & Bassok, M. (1989). Leaning theory and the study of instruction. Annual Review
o Psychology, 40, 631-666.

Kern, RP. (1985). Modeling users and their use of technical manuals. In T.M. Duffy and R.
Waller (Eds.), Designing usable text. New York: Academic.

Miller, GA. (1956). Themagica number seven, plusor mrnus two: Some limits on our
capacity to processinformation. Psychol ogical Review, 63, 81-97.

Miller, GAA. (1962). Some psychological studiesof grammar. American Psychologist,17,
748-762.

Reder, LM., Charney, DH., & Morgan, K.l. (1986). Theroleof elaborationsin learning a
skill from an instructional text. Memory and Cognition, 14, 64-78.

Ross, B. (1984). Remindings and their effectsin learning acognitive skill. Cognitive
Psychology, 16, 371-416.

Schmalhofer, F.J., & Glavanov, D. (1986). Three componentsof understandinga
programmer's manua: Verbatim, propositional and situational representations. Journal d
Memory and Language, 25,279-294.

Evaluation of Medical Device Labeling

Basch, C.E. (1987). Focusgroup interview: An underutilized research techniquefor

improving theory and practice in health education. Health Education Quarterly, 14.411-
448.

Bellenger, D.N., Bernhardt, K.L., & Goldstucker, JL. (1976). Qualitative research

techniques. Focus group interviews (pp. 7-28). Qualitative research in marketing. Chicago:
American Marketing Association.

32



Davison, A., & Green, G. (Eds.) (1987). Linguistic complexity text comprehension: Are-
examinationof readability with alternative views. Hillsdale, NJ: Erlbaum.

Fink, A., & Kosecoff,J (1979). An evaluation primer. Beverly Hills, CA: Sage.

Folch-Lyon, E., & Trogt, JF. (1981). Conducting focus group sessions. Studiesin Family
Planning,12,443-449.

Gong, R, & Elkerton, J (1990). Designing minima documentation usinga GOV modd: A
usability evaluation of an engineering approach. In Proceedingsof CHI '90: Hunan
Factrc])rsin Computing Systems (pp. 99-106). New Y ork: Associationfor Computing
Machinery.

Hartley, J. (1990). Is thistext any use? Methodsfor evaluating text. In JR. Wilsonand E. N.
Corlett (Eds), Evaluation of humanwork: A practical ergonomics methodology (pp. 248-
270). London: Taylor & Francis.

Higginbotham, JB., & Cox, KK. (1979). Focus group interviews. A reader. Chicago:
American Marketing Asociation.

Klare, G.R. (1974-1975). Assessing readability. Reading Research Quarterly, 10, 62-102.

Patton, M.Q. (1980). Qualitative evaluation methods. Beverly Hills, CA: Sage.

Schumacher, G.M., & Waller, R (1985). Testing design alternatives: A comparison of
procedures. In T.M. Duffy & R. Waller (Eds), Designing usable texts (pp. 377-403).
New York: Academic.

Sink, D.S. (1983). Using the nomina group technique effectively. National Productivity
Review. Spring 1983, 25-36.

United States, DHHS, PHS, NIH (1984). Pretesting in health communications: Methods,
examples, and resourcesfor improving health messagesand materials. NIH Publication
No. 84-1493, Appendix C, pp. 46-47.

VandeVen, A., & Delbecg, AL. (1971). Nomind versusinteracting group processesfor

committee decision-making effectiveness. Academy of Management Journal, June 1971,
203-212.

Alternative Instructional Media

Black, L.F., & Mitchell, MM. (1977). Evauation of a patient education programfor chronic
obstructive pulmonary disease. Mayo Clinic Proceedings, 52, 106-111.

Culbertson, V.L., Arthur, T.G., Rhodes, PF., & Rhodes, R.S. (1988). Consumer
preferencesfor verba and written information. Drug Intelligenceand Clinical Pharmacy,
22, 390-396.

Gagliano, M.E. (1988). A literaturereview on theefficacy of video in patient education.
Journal of Medical Education, 63, 785-792.

33



Gould, JD., Alfaro, LO,, Barnes, V., Finn, R, Grischkowsky, N., & Minuto, A. (1987).
Reading isdower from CRT displaysthan from paper: Attemptsto isolateasingle-variable
explanation. Hunan Factors, 29,269-299.

Hartley, J. (1987). Designing dectronic text: Therole of print based research. Educational
Communication and Technology Journal, 35, 3-17.

Jenkinson, D., Davison, J.,, Jones, S., & Hawtin, P. (1988). Comparison of effectsof a self
management bookl et and audiocassettefor patientswith asthma. Briti sh Medical Journal,
297, 267-270.

Linde, B.J, & Janz, N M (1979). Effect of ateaching program on knowledge and
compliancedf cardiac patients. Nursng Research, 28,282-286.

Milazzo, V. (1980). A study of thedifferencein health knowledgegained through formal and
informal teaching. Heart & Lung, 9, 1079-1082.

Miller, G., & Shank, JC. (1986). Patient education: Comparative effectiveness by means of
presentation. The Journal of Family Practice, 22, 178-181.

Regner, M.J, Hermann, F, & Ried, L.D. (1987). Effectiveness of a printed |eaflet for
enabling patients to usedigoxin side-effect information. Drug I ntelligenceand Clinical
Pharmacy, 21,200-204.

Reith, S., Graham, JL., McEwan, C., & Fraser, K.J (1984). Video as ateaching aid. British
Medical Journal,289,250.

Rubens, P., & Krull, R (1985). Application of research on documentdesign to online
displays. Technical Communication, 32, 29-34.

Stone, S, Holden, A.,, Knapic, N., & Ansell, J. '(1989). Comparison between videotape and

personalized patient education for anticoagulant thergpy. The Journal of Family Practice,
29, 55-57.

Young, F.K., & Brooks, B.R. (1986). Patient teaching manuals improveretention of

treatment information—A controlled clinicd trid in multiplesclerosis. Journal of
Neuroscience Nursing, 18, 26-28.

Regulations, Standards, and Guidelines

Associationfor the Advancement of Medica Instrumentation (1988). Human factors
engineering guidelinesand preferred practicesfor the design o medical devices(AAMI
HE-1988). Arlington, VA: AAMI.

American National Standards Ingtitute (1989). ANS guide for developing user product
information (ANSI Consumer Interest Council Research Group). Unpublished work.

Ralph, JB. (1982). A geriatric visua concern: The need for publishing guidelines. Journal of
the American Optometric Association, 53, 43-50.

Savol, RM., Charles, H.C,, Danidl, A., Kafka, M.T., Romano, R.M., Thilman, D.,
Tomaszewski, JP., & Vetter, C. (1989). Labeling of home-use in vitro testing products.

34



Proposed Guiddline. Nationa Committeefor Clinical Laboratory Standards(NCCLS)
Document GP 14-P, Val. 9, No. 8. Draft version.

United States, Code of Federal Regulations, Food and Drugs, 21. 1985.

United States, Codeof Federal Regulations, Title 21 Food and Drug Administration, DHHS,
Part 801, Labeling, Subpart C, Labeling requirementsfor over-the-counter devices.

United States, Codeof Federal Regulations, Title 21 Food and Drug Administration, DHHS,
Part 809, In vitro diagnostic productsfor human use, Subpart B, Labeling for in vitro
diagnostic products.

United States, DHHS, PHS, FDA (1986). Labeling: Regulatory requirementsfor medical
devices. HHS Publication FDA 86-4203.

35



