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THE INTERNATIONAL COMMISSION ON ILLUMINATION

The International Commission on lllumination (CIE) is an organisation devoted to international co-operation and exchange of
information among its member countries on all matters relating to the art and science of lighting. Its membership consists of
the National Committees in about 40 countries.

The objectives of the CIE are:

1. To provide an international forum for the discussion of all matters relating to the science, technology and art in the
fields of light and lighting and for the interchange of information in these fields between countries.

2. To develop basic standards and procedures of metrology in the fields of light and lighting.

3. To provide guidance in the application of principles and procedures in the development of international and national
standards in the fields of light and lighting.

4. To prepare and publish standards, reports and other publications concerned with all matters relating to the science,
technology and art in the fields of light and lighting.

5. To maintain liaison and technical interaction with other international organisations concerned with matters related to
the science, technology, standardisation and art in the fields of light and lighting.

The work of the CIE is carried on by seven Divisions each with about 20 Technical Committees. This work covers subjects

ranging from fundamental matters to all types of lighting applications. The standards and technical reports developed by

these international Divisions of the CIE are accepted throughout the world.

A plenary session is held every four years at which the work of the Divisions and Technical Committees is reviewed,

reported and plans are made for the future. The CIE is recognised as the authority on all aspects of light and lighting. As

such it occupies an important position among international organisations.

LA COMMISSION INTERNATIONALE DE L'ECLAIRAGE

La Commission Internationale de I'Eclairage (CIE) est une organisation qui se donne pour but la coopération internationale
et I'échange d'informations entre les Pays membres sur toutes les questions relatives a I'art et a la science de I'éclairage.
Elle est composée de Comités Nationaux représentant environ 40 pays.

Les objectifs de la CIE sont:

1. De constituer un centre d'étude international pour toute matiere relevant de la science, de la technologie et de I'art de
la lumiéere et de I'éclairage et pour I'échange entre pays d'informations dans ces domaines.

2. D'élaborer des normes et des méthodes de base pour la métrologie dans les domaines de la lumiére et de I'éclairage.

3. De donner des directives pour I'application des principes et des méthodes d'élaboration de normes internationales et
nationales dans les domaines de la lumiére et de I'éclairage.

4. De préparer et publier des normes, rapports et autres textes, concernant toutes matiéres relatives a la science, la
technologie et I'art dans les domaines de la lumiére et de I'éclairage.

5. De maintenir une liaison et une collaboration technique avec les autres organisations internationales concernées par
des sujets relatifs a la science, la technologie, la normalisation et I'art dans les domaines de la lumiére et de
I'éclairage.

Les travaux de la CIE sont effectués par 7 Divisions, ayant chacune environ 20 Comités Techniques. Les sujets d'études
s'étendent des questions fondamentales, a tous les types d'applications de I'éclairage. Les normes et les rapports
techniques élaborés par ces Divisions Internationales de la CIE sont reconnus dans le monde entier.

Tous les quatre ans, une Session pléniere passe en revue le travail des Divisions et des Comités Techniques, en fait
rapport et établit les projets de travaux pour I'avenir. La CIE est reconnue comme la plus haute autorité en ce qui concerne
tous les aspects de la lumiére et de I'éclairage. Elle occupe comme telle une position importante parmi les organisations
internationales.

DIE INTERNATIONALE BELEUCHTUNGSKOMMISSION

Die Internationale Beleuchtungskommission (CIE) ist eine Organisation, die sich der internationalen Zusammenarbeit und
dem Austausch von Informationen zwischen ihren Mitgliedslandern beziiglich der Kunst und Wissenschaft der Lichttechnik
widmet. Die Mitgliedschaft besteht aus den Nationalen Komitees in rund 40 Landern.

Die Ziele der CIE sind:

1. Ein internationaler Mittelpunkt fuir Diskussionen aller Fragen auf dem Gebiet der Wissenschaft, Technik und Kunst der
Lichttechnik und fuir den Informationsaustausch auf diesen Gebieten zwischen den einzelnen Landern zu sein.

2. Grundnormen und Verfahren der MeRtechnik auf dem Gebiet der Lichttechnik zu entwickeln.

3. Richtlinien fur die Anwendung von Prinzipien und Vorgangen in der Entwicklung internationaler und nationaler
Normen auf dem Gebiet der Lichttechnik zu erstellen.

4. Normen, Berichte und andere Publikationen zu erstellen und zu veréffentlichen, die alle Fragen auf dem Gebiet der
Wissenschaft, Technik und Kunst der Lichttechnik betreffen.

5. Liaison und technische Zusammenarbeit mit anderen internationalen Organisationen zu unterhalten, die mit Fragen

der Wissenschaft, Technik, Normung und Kunst auf dem Gebiet der Lichttechnik zu tun haben.
Die Arbeit der CIE wird in 7 Divisionen, jede mit etwa 20 Technischen Komitees, geleistet. Diese Arbeit betrifft Gebiete mit
grundlegendem Inhalt bis zu allen Arten der Lichtanwendung. Die Normen und Technischen Berichte, die von diesen
international zusammengesetzten Divisionen ausgearbeitet werden, sind von der ganzen Welt anerkannt.
Tagungen werden alle vier Jahre abgehalten, in der die Arbeiten der Divisionen Uberprift und berichtet und neue Plane fir
die Zukunft ausgearbeitet werden. Die CIE wird als hochste Autoritét fir alle Aspekte des Lichtes und der Beleuchtung
angesehen. Auf diese Weise unterhalt sie eine bedeutende Stellung unter den internationalen Organisationen.
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RAPPORT DE COMITE TECHNIQUE DE LA CIE

NOTE PRELIMINAIRE

Ce rapport a été préparé par le Comité Technique CIE 3.1 "Performance
visuelle." Il a regu l'approbation du Comité, et il est recommandé pour
étude et application. Ce rapport n'est pas une Recommandation officielle
de la CIE approuvée par les Comité Nationaux des Pays Membres. Il doit
étre noté que toute recommandation y figurant est donnée & titre de conseil
et non d'obligation.

PRELIMINARY REMARK

This report has been prepared by CIE Technical Committee 3.1 "Visual
Performance." It has been approved by the Committee and is recommended
for study and application. This report is not an Officially Agreed CIE
Recommendation approved by the National Committees of the Member
Countries. It should be noted that any recommendations in this report

are advisory and not mandatory.

VORBEMERKUNG

Dieser Bericht wurde vom Technischen CIE~-Komitee 3.1 "Sehleistung"
ausgearbeitet. Er wurde vom Komitee angenommen und wird zum
zuk'ﬁnftigen Studium empfohlen. Er ist kein Offiziell Anerkannte CIE-
Empfehlung, die von den Nationalen Komitees der Mitgliedslé{nder
anerkannt wurde. Es muss daraud hingewiesen werder, dass alle
Empfehlungen dieses Berichts nur als Anleitung dienen und nicht
verbindlich sind.
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FOREWORD

The two volumes of the present CIE Report No. 13/2 represent a complete
replacement for CIE Report No. 19 which was presented to the CIE by the
Committee during the 1971 Congress in Barcelona and subsequently published
by the CIE in 1972. The "unified framework of methods for evaluating visual
performance aspects of lighting" described in Report No. 19 is now to be re-
placed by the fully quantitative "analytic model for describing the influence
of lighting parameters upon visual performance" described in the two volumes
of Report No. 19/2. The considerable expansion of coverage of visual per-
formance aspects of lighting to be found in the present two volumes was made
possible by meetings of the Committee in Berne, Edinburgh, Florence, Amster-
dam, London, Paris, Munich, Karlsruhe, and Paris between 1371 and 1978.

The two volumes of Report No. 19/2 contribute to the work of the CIE by
providing potential bases for (a) determining selective standards of task il-
luminance based upon visual performance criteria for different task conditions
and observer ages, (b) evaluating the extent to which actual lighting instal-
lations meet these criteria, and (c) providing measures of overall performance
of tasks with significant visual components for use in cost-benefit analyses
of lighting.

It is to be emphasized that, although the analytic model described in the
present two volumes of Report No. 19/2 is believed to have potential useful-
ness to the CIE in the areas of lighting applications listed above, the present
two volumes do not describe application procedures for these purposes. It is
anticipated that the development of such procedures will be undertaken in the
future by appropriate agencies of the CIE and reported separately.

Volume I of CIE Report No. 19/2 presents a description of the technical
foundations of the analytic model insofar as it describes the effects of light~
ing parameters upon "visual performance potential, " a mzasure of the maximum
visual performance to be expected under various lighting situations. The
present Volume II presents a summary description of the analytic model, tabu-
lar and graphical representations of the effects of lighting parameters upon
visual performance potential, and application guidelines including mathe-
matical methods for estimating task performance and overall performance from
visual performance potential. It is suggested that the applications engineer
begin with the present Volume II, turning to Volume I if additional information
is desired with respect to the technical foundations of the model. (It is sug-
gested that the visual performance specialist begin with Volume I, turning to
the present Volume II if information is desired with respect to application
guidelines or the relationships between task performance and/or overall per-
formance and visual performance potential.)
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SUMMARY

The present report summarizes a comprehensive analytic model for describ-
ing the influence of lighting parameters upon the effectiveness of the overall
performance of tasks with significant visual components, derived from study
and analysis of the extensive published literature relating visual performance
to various lighting parameters which included the use of two basic technical
approaches. These may be described as the "empirical " and the "analytical"
methods of studying overall performance as a function of lighting parameters.
Empirical studies involve measurements of the speed and accuracy of perform-
ance conducted under real or simulated conditions of visual work. Analytical
studies involve measurements of the operational characteristics of processes
believed to be operative in visual work taken either singly or in relatively
simple combinations, with subsequent synthesizing of the operational charac-
teristics of the individual processes into a quantitative model intended to
describe overall performance as a function of lighting parameters under condi-
tions of visual work. The analytic model described in this report was derived
from data obtained in these two classes of experiments during the last 50
years. In all, more than 2,200 members of the populations of CIE Member
Countries were involved in these studies either as experimental observers or
as unknowing participants in field observations.

The basic approach of the model is to begin by specifying the level of
overall performance as a function of the level of actual task luminance or
illuminance obtained in an idealized photometric sphere. Task lighting
standards are then established in terms of "reference luminance" or "reference
illuminance" units. The extent to which an actual lighting installation will
provide criterion levels of performance effectiveness is expressed in terms of
values of "equivalent reference luminance" or "equivalent reference illumi-
nance." These measures of the lighting effectiveness of actual installations
are based upon assessment of every known and quantifiable effect of lighting
variables upon overall performance, expressed in terms of values of the actual
luminance or illuminance obtained in an idealized photometric sphere provid-
ing the same level of performance effectiveness as that provided by each
realistic lighting situation.

The model expresses the functional relation between overall performance
and the level of reference luminance or illuminance in terms of two classes
of transfer functions, operating in series. The first class of transfer func-
tions relates "task visibility level " to reference luminance or illuminance.
The second class of transfer functions relates overall performance to task
visibility level. Thus, task visibility level is considered to be the "inter-
vening " variable required to relate overall performance to reference luminance.

The first class of transfer functions is expressed in terms of the "relative
contrast sensitivity" or RCS of the visual system provided by different levels
of reference luminance or illuminance. It is found convenient to use RCS to
describe the effects of reference luminance or illuminance since the numerical
effects of lighting parameters other than the level of luminance or illuminance
can be conveniently expressed as modifiers of the value of RCS. The model
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develops a family of "RCS functions of luminance," with parameters which
depend upon task detail size, task demand level, and observer age.

The second class of transfer functions consists principally of the operat-
ing characteristics of three types of processes believed to be involved in
realistic visual work. There are first the "critical visual processes, " consist-
ing of a primary sensory process involved in obtaining information about task
detail s and two secondary oculomotor processes, which together define the
“visual performance potential” of the observer. These processes do not de-
pend upon task detail or observer age, but depend greatly upon the level of
demand for speed and accuracy implied by the conditions under which the task
must be performed. Additional "noncritical visual processes" are involved
in relating task performance to visual performance potential. GStill further
"nonvisual processes" are involved in relating task performance to overall
performance. The model concentrates upon prediction of the visual perform-
ance potential, merely indicating the manner in which the operating charac-
teristics of the noncritical visual and nonvisual processes may be utilized in
order to predict first task performance and then overall performance.

The model has three principal potential uses in lighting applications.
First, it may be used to establish differential standards for task luminance
or illuminance on the basis of the visibility of the task visual display, the
level of task demand, and the age of the observer involved. Such differential
standards are relative only. A visual performance criterion level to be pro-
vided by all areas of lighting applications can be selected, which then
establishes the absolute level of all standards. Second, the model may be
used to evaluate the extent to which a given lighting installation provides
the visual performance criterion level selected for each area of application.
Third, the model can be used to provide measures of overall performance for
use in cost-benefit studies of lighting. This use of the model depends criti-
cally upon information relating differences in overall performance to differ-
ences in visual performance potential produced by lighting.

The validity of the model has been verified by using it to fit acceptable
analytic functions to the data points obtained in 20 empirical experiments
conducted under conditions of real or simulated visual work. It is recom-
mended by the Committee that additional verification tests of this type be
conducted by CIE Member Countries now that development of the model is
complete.

ZUSAMMENFASSUNG

Der vorliegende Bericht ist eine Zusammenfassung umfassenden eines
analytischen Modells, das den Einfluss von Beleuchtungsparametern auf die
Arbeitsleistung erfasst soweit die Arbeitsaufgabe relevante visuelle
Komponenten enthdlt. Das Modell stutzt sich auf die umfangreiche Literatur
Uber Zusammenh&nge zwischen Beleuchtung und visueller Leistung. Dabei
verfolgt man grundsatzlich zwei Wege, die man als empirisch oder analytisch
bezeichnen kann. Empirische Untersuchungen erfassen die Geschwindigkeit
und die Genauigkeit der Leistung unter realen oder simulierten Arbeits-

Documents

_vi_

Copyright International Commission on lllumination
Provided by IHS under license with CIE Licensee=Hong Kong Polytechnic University/9976803100
No reproduction or networking permitted without license from IHS Not for Resale, 04/29/2015 00:51:10 MDT

Full document details: CIE 19.2.2-1981


http://www.avadocuments.com/doc/cie-19-2-2-1981
http://www.avadocuments.com/doc/cie-19-2-2-1981

bedingungen. Analytische Untersuchungen stutzen sich auf operationelle
Vorgange beim Sehprozess, die, einzeln oder kombiniert, bei visueller Arbeit
auftreten und sich zu einem quantitativen Modell zusammenfugen lassen. Das
hier beschriebene analytische Modell basiert auf Daten, die auf beiden Wegen
in den letzten 50-Jahren gewonnen wurden. Insgesamt waren dabei mehr als
2200 Test-Personen aus verschiedenen CIE Mitgliedslandern beteiligt.

Zunachst spezifiziert das Modell das Niveau der Arbeitsleistung als
Funktion der Leuchtdichte (oder Beleuchtungsstarke) der Arbeitsvorlage bei
ideal diffuser Beleuchtung, die zur Begriindung von Standard-Werten als
Referenz!euchtdichte oder Referenzbeleuchtung fir Arbeitsplatze dient. Reale
Beleuchtungsanlagen werden bezliglich des Leistungsniveaus durch ihre
dquivalente Referenzleuchtdichte (oder dquivalente Referenzbeleuchtungs-
starke) gekennzeichnet. Diese Kenngrossen enthalten den Einfluss ver-
schiedener Beleuchtungsparameter auf die Arbeitsleistung ausgedriuckt durch
die entsprechende Leuchtdichte der Arbeitsvorlage in der Referenzsituation,
bei der das gleiche Leistungsniveau erreicht wird.

Im Model wird der funktionelle Zusammenhang zwischen Arbeitsleistung
und Referenzleuchtdichte (oder ~beleuchtungsstérke) mit Hilfe zweier Klassen
von Ubertragungsfunktionen ausgedruckt. Die erste Klasse stellt den Zusam-
menhang zwischen dem "Sichtbarkeitsniveau" der Vorlage und der Referenz-
leuchtdichte her. Die zweite Klasse verknupft das Sichtbarkeitsniveau der
Vorlage mit der Arbeitsleistung. Damit erhdlt das Sichtbarkeitsniveau die
Rolle eines Verbindungsgliedes.

Die erste Klasse von ﬂ'bertragungsfunktionen wird durch die relative
Kontrastempfindlichkeit (oder RCS) des visuellen Systems definiert, die mit
verschiedenen Referenzleuchtdichten (oder -beleuchtungsstarken) verknupft ist.
Die Wahl von RCS hat sich als zweckmassig erwiesen, da sich der Einfluss
aller Beleuchtungsparameter als Modifikation des RCS Wertes ausdriicken
lasst. Im Modell wird eine Familie von RCS-Funktionen entwickelt, die von
der Detailgrosse, der Aufgaben-Anforderung und dem Beobachteralter abhdngen.

Die zweite Klasse von ﬁbertragungsfunktionen enthalt grundsatzlich drei
operationelle Prozesse, die vermutlich bei visueller Arbeit beteiligt sind.
Dies sind einmal der primdre Sinnesprozess der Informationsaufnahme von
Aufgabendetails und zum anderen zwei sekundare okulomotorische Prozesse,
die alle zusammengenommen das "Sehleistungspotential " des Beobachters
bestimmen. Letztere sind unabhangig von den Aufgabendetails und vom
Beobachteralter aber stark abhdngig von der visuellen Anforderung hinsichtlich
Geschwindigkeit und Genauigkeit die dem Beobachter durch die Aufgaben-
bedingungen auferlegt wird. Um von dem Sehleistungspotential zur tatsdch-
lichen Leistung zu gelangen sind weitere "unkritische" visuelle Prozesse zu
beachten. Die gesamte Arbeitsleistung enthalt schliesslich auch noch die nicht
visuellen Prozesse. Das Modell konzentriert sich auf die Bestimmung des
Sehleistungspotentials. Es wird lediglich angedeutet auf welche Weise man
die unkritischen visuellen Prozesse und die nicht visuellen Prozesse
behandeln kann, um zur tatsdchlichen Leistung und schliesslich zur Arbeits-
leistung insgesamt zu kommen.
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Grundsatzlich hat das Modell drei mogliche Anwendungen in der
Beleuchtungstechnik. Erstens kann man abgestufte Standard-Werte fur die
Arbeitsplatzleuchtdichte (oder -beleuchtungsstédrke) auf der Basis des Sicht-
barkeitsniveaus der Arbeitsvorlage, der Aufgabenanforderung und des Alters
der Beobachter festlegen. Solche Standards haben nur relativen Charakter.
Erst nach Festlegung eines bestimmten Sehleistungsniveaus fur die verschied-
enen Anwendungsgebiete kommt man zu absoluten Werten. Zweitens kann man
mit Hilfe des Modells feststellen in welchem Masse eine gegebene
Beleuchtungsanlage ein festgelegtes Sehleistungsniveau gewdhrleistet.
Drittens kann das Modell dazu dienen Kosten-Nutzen-Analysen aufzustellen,
wobei der relative Zusammenhang zwischen Sehleistungspotential und Arbeits-
leistung bekannt sein muss,

Die Gultigkeit des Modells wurde erprobt durch Parameteranpassung an
die Ergebnisse von 20 empirischen Sehleistungsuntersuchungen, die unter
realen oder simulierten Arbeitsbedingungen durchgeflihrt wurden. Das Komitee
empfiehlt weitere derartige Verifikationstests des Modells, desen Entwicklung
nun abgeschlossen wurde, in CIE Mitgliedsldndern durchzufihren.

SOMMAIRE

Le présent rapport résume un modéle analytique d'ensemble pour définir
l'influence des parametres de 1'éclairage sur la performance totale de tdches
ayant des composantes visuelles significatives. Le modéle est dérivé d'études
et d'analyses de la littérature abondante publide sur la performance visuelle
comme fonction des paramdtres d'éclairage variés dans lesquelles on a utilisé
deux approches techniques de base. Celles-ci peuvent etre décrites comme
méthodes “"empiriques” et "analytiques" pour l'étude de la performance totale
comme fonction des parametres de 1'éclairage. Les études empiriques impli-
quent des mesures de la vitesse et de la précision de la performance conduites
dans les conditions réelles ou simulées du travail visuel. Les études analy-
tique nécessitent des mesures des caractéristiques opérationnelles des
processus que 1'on pense étre en action au cours d'un travail visuel, pris
Ssoit seuls, soit en combinaisons relativement simples. Une synthese
postérieure des caractéristiques de fonctionnement des processus individuels
est effectuée dans un modéle quantitatif, destiné a décrire la performance
totale comme fonction des paramétres d'éclairage dans les conditions de
travail visuel. Le modele analytique, décrit dans ce rapport, est dérivé des
données obtenues dans ces deux sortes d'expériences pendant les 50 derniéres
années. En tout, plus de 2200 membres des populations appartenant aux Pays
Membres de la CIE ont participé & ces études, soit comme observateurs experi-
mantés, soit commea participants non avertis a des observations sur le terrain.

L'approche de base, pour ce modele, est de comm=ancer par une spécifica-
tion du niveau de performance totale en fonction du niveau de luminance réelle
de la tache ou de 1'éclairement obtenu dans une sphére photométrique idéale.
Des critéres de 1'éclairage de tAches sont alors établies en term=s des unités
de "luminance de référence” ou "éclairement de référence.” Le degré auquel
un systéme réel d'éclairage fournit des niveaux de performance effective selon
les critéres s'exprime en termes de valeurs de “luminance de réference
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equivalente" ou "éclairement de référence equivalent." Ces mesures de
l'efficacité de systemes réels d'éclairage se fondent sur l'évaluation de
chaque effet connu et mesurable que les variables d'éclairage ont sur la per-
formance totale, exprimé en termes de valeurs de la luminance ou de 1'éclaire-
ment obtenu dans une sphére photométrique ideale assurant le méme niveau de
performance que chaque systéme reel d'éclairage.

Le modéle exprims la relation fonctionnelle entre la performance totale et
le niveau de luminance ou d'éclairement de référence selon deux types de
fonctions de transfert qui opérent en série. Le premier type de fonctions de
transfert relie le niveau de visibilité de la tAche & la luminance ou a 1'éclaire-
ment de référence. Le deuxiéme type de fonctions de transfert relie la per-
formance totale au niveau de visibilité de la tdche. Ainsi, le niveau de visi-
bilité est considéré comme la variable intermédiaire necessaire pour relier la
performance totale a la luminance de référence.

Le premier type de fonctions de transfert est exprimé en termes de "sensi-
bilité relative au contraste"” (ou RCS) du systéme visuel assuré par divers
niveaux de la luminance ou de 1'éclairement de référence. Il a été trouvé
commode d'utiliser le RCS pour décrire les effets de la luminance ou de
1'éclairemant de reférence parce que les effets numériques des parameétres de
l'éclairage autres que le niveau de luminance ou d'éclairement peuvent étre
convenablemant exprimés comme facteurs modificatifs de la valeur de RCS.

Le modele développe une famille de "fonctions RCS de la luminance” avec des
parametres qui dépendent de la dimension du détail de la tdche, du niveau
d'exigence de la tdche, et de 1'dge de l'observateur.

Le deuxiéme type de fonctions de transfert consiste pour la plupart en
des caractéristiques de fonctionnement de trois types de processus que l'on
pense intervenir dans un travail visuel réel. Il y a premiérement les
"processus visuels critiques" consistant en un processus sensoriel primaire
-par lequel 1'information visuelle concernant les détails de la tdche est obtenue
et deux processus oculomoteurs secondaires, qui ensemble définissent le
"potentiel de performance visuelle" de 1'observateur. Ces processus ne dé-
pendent ni des détails de la tdche ni de 1'dge de 1'observateur, mais dé-
pendent fort du niveau d'exigence de la vitesse et de la précision impliquée
par les conditions sous lesquelles il est nécessaire de performer la tache.
Des "processus visuels noncritiques" additionnels sont impliqués en reliant
la performance de la tache au potentiel de performance visuelle. Il y a de
plus des "processus nonvisuels"” qui relient la performance de la tdache ala
performance totale. Le modéle est axé sur la prédiction du potentiel de per-
formance visuelle et indique seulement la maniére dont les caractéristiques
opérationnelles des processus visuels noncritiques et des processus non-
visuels peuvent &tre utilisés pour prédire d'abord la performance de la tache
et ensuite la performance totale.

Le modeéle a trois usages potentiels principals dans les applications
d'éclairage. D'abord, il peut &tre utilisé pour établir des étalons différentiels
pour la luminance ou 1'éclairement de la tdche sur le base de la visibilité du
contenu visuel de la tiche, le niveau d'exigence de la tdche, et 1'dge de
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l'observateur entrainé. De tels étalons visuels sont seulement rélatifs. On
peut choisir comme critere un niveau de performance visuelle pouvant éetre
fourni dans tous les domaines d'applications de 1'éclairage, ce qui établit
alors un niveau absolu pour tous les étalons. En deuxiéme lieu, le modéle
peut &tre utilisé pour évaluer a quel degré une installation donnée d'eclairage
fournit le niveau-critere de performance visuelle choisi pour chaque domaine
d'application. En troisiéme lieu, le modé&le peut étre utilisé pour fournir des
mesures de la performance totale pourutilisation dans l'analyse d'études des
"colts-avantages" de 1'éclairage. Cet emploi du modéle dépend précisément
des renseignments qui relient les différences dans la performance totale aux
différences dans la performance visuelle produites par 1'éclairage.

On a verifié la validité du modéle en 1'utilisant pour ajuster les fonctions
analytiques correspondant aux données obtenues dans vingt expériences
empiriques conduites dans les conditions de travail visuel réel ou simulé. Le
Comité recommande que les Pays Membres de CIE conduisent des essais ad-
ditionels de ce type maintenant que le développement du modéle est complet.
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INTRODUCTION

Section A: Aims of the Committee

It has been the continuing objective of the Committee to review and ana-
lyze existing knowledge concerning the effects of lighting parameters upon
the performance of tasks having important visual components, to summarize
these data in a form understandable to lighting engineers, and to suggest
methods by which the data may be used in lighting applications. The first
report of the Committee, CIE Technical Committee Report No. 19, ! was issued
in 1972, It contained the description of a conceptual framework within which
existing knowledge concerning the relationships between lighting parameters
and visual performance® could be understood, a summary of then-existing
data which could be fitted into the framework, and the description of various
possible methods which might be found useful in lighting applications. The
report called upon Member Countries of the CIE to study and evaluate the
conceptual framework and the suggested methods, and to initiate experimental
studies to supply additional data where needed to verify or modify the frame-
work and/or the methods.

During the intervening years since 1972, there has been considerable
study and evaluation of Report No. 19, and a substantial number of new ex~-
perimental studies have been conducted by Member Countries which can be
fitted into the framework of the original report. The Committee has found it
necessary to expand the conceptual framework of Report No. 19 considerably
to take account of these new developments. Accordingly, the present report
is intended to supplant Report No. 19 completely. In a few instances, sig-
nificant differences in the concepts and substantial changes in the values of
the quantities used in the two reports will be noted for the convenience of the
serious student of visual performance.

In presenting the present report to the CIE, the Committee is well aware
that considerable additional work may be required before the analytic model
here described will be directly useful in lighting applications. The Committee
recommends that the task of developing application procedures for using the
model be entrusted to joint working groups or subcommittees consisting of
members of the Committee together with members of appropriate CIE appli-
cation committees.

Section B: Historical Background

Systematic study of the performance characteristics of human vision has
now proceeded for more than a century in many countries. There have been
virtually countless studies in which the effect of one or another aspect of
light upon some aspect of vision has been investigated. However, the
Committee has deliberately limited its consideration to only those studies
in which the effects of lighting parameters have been assessed under

* Definitions of all underscored terms are given in the Glossary of this
report.
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conditions of normal binocular vision, and in which the ocular pupil was
allowed to respond in its normal fashion. Furthermore, the Committee has
found that, although the rapidly accumulating body of knowledge concerning
human vision obtained by the visual scientists is extremely useful in aiding
our understanding of visual responses to light, it is those studies deliberately
undertaken with lighting applications in mind which provide the crucial data

of interest to the CIE.

In the long view of history there appear to have been two main approaches
to the study of the effects of lighting parameters upon the efficiency of per-
forming visual tasks. There was first the general approach pioneered by
Beuttell2 and followed up in the classic work of Weston® in which the prob-
lem of visual performance and lighting was considered as a typical problem
in industrial psychology the solution to which would be found most readily
by direct field tests in which lighting was varied in quantity and the result-
ing level of visual performance of selected tasks measured. The alternate
approach was that pioneered by Luckiesh and Moss,4 which was followed up
in more recent years by Blackwell, > involving the analytical study of com-
ponent visual processes believed to affect the relationships between lighting
parameters and visual performance.

It remained for Fry6 to suggest that these seemingly divergent approaches
to the problem of the effects of lighting parameters upon visual performance
could be unified. He showed that regular quantitative relationships existed
between Blackwell's analytic data and Weston's empirical field test data,
thus providing the key to the integration of various bodies of data which has
led to the development of the analytic model described in this report.

Section C: Summary Description of the Model and Its Potential Uses

The analytic model consists of a series of mathematical equations by
means of which the influences of lighting parameters upon visual performance
are quantified. One series of equations expresses effects of task luminance or
illuminance upon the visibility of the visual display presented to an observer
by the informational details of a task. It is found convenient to express the
relationship between task luminance or illuminance and level of task visibility
for conditions of lighting found in an idealized photometric sphere, in which
task illuminance is perfectly diffuse and unpolarized, and the visual field sur-
rounding the task has luminance always equal to that of the task background
luminance. Under these idealized conditions, increases in task luminance up
to at least 10,000 cd/m® continue to increase the level of task visibility.
However, the relationship between luminance or illuminance and task visi-
bility shows marked compressive nonlinearity when plotted on double loga-
rithmic graphs such that as luminance or illuminance increases, the percentage
improvement in task visibility resulting from a given percentage increase in
task luminance or illuminance decreases. The mathematical equations shown
to relate task visibility to luminance or illuminance are designated transfer
functions of the first class.

The model next defines transfer functions of the second class. These
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consist of mathematical equations relating the efficiency of visual performance
to the level of task visibility. These transfer functions take the form of S-
shaped curves when linear values of visual performance are plotted against
logarithmic values of visibility level. When plotted on double logarithmic
graphs, these transfer functions also exhibit compressive nonlinearity such

that as visibility level increases, the percentage improvement in visual per-
formance resulting from a given percentage increase in visibility level decreases.

The model describes the relationship between task luminance or illumi-
nance and the efficiency of visual performance in terms of the two classes of
transfer functions which are considered to operate in series. The level of
task luminance or illuminance influences the level of task visibility and in
turn the level of task visibility influences visual performance.

The model identifies three parameters which influence the functional re-
lationship between task luminance or illuminance and the efficiency of visual
performance as follows: (a) the difficulty of the task visual display when
viewed statically; (b) the task demand level, i.e., the difficulty of the dy-
namic conditions under which the observer must view the visual display; and
(c) the chronological age of the observer. Sample data are presented in Figure
1 to illustrate the manner in which each of these parameters influences the re-
lationship between task luminance or illuminance and the efficiency of visual
performance. Examination of the legends of the four graphs presented in the
figure will reveal that task demand level, D, is varied left to right in the
placement of the graphs, whereas observer age is varied up and down. (Graphs
A and B represent observer age 25 years; C and D represent observer age 65
years. Graphs A and C represent task demand level 45.0; B and D represent
task demand level 75.0.) Each graph consists of eight curves, each of which
represents a given value of difficulty of the task visual display, with greater
task difficulty indicated by smaller values of what is designated reference
equivalent contrast, 5ref.

The graphs of Figure 1 reveal that the extent to which an increase in task
luminance or illuminance increases the efficiency of visual performance is
markedly dependent upon the values of the three paramsaters. In general, the
curves in the four graphs become progressively flatter, indicating a smaller
percentage increase in visual performance efficiency for a given percentage
increase in luminance or illuminance with decreases in the difficulty of the
task visual display, the level of task demand, or the age of the observer.

Figure 1 reveals clearly that the efficiency of visual performance depends
upon the interplay of the three parameters; difficulty of the task visual dis-
play, demand level of the task, and age of the observer. The existence of
three significant parameters which influence the efficiency of visual perform-
ance suggests that what might be called selective illuminance standards be
used in lighting applications in order to achieve energy efficiency; that is,
tasks should be classified in terms of appropriate values of the three parame-
ters and appropriate levels of task luminance or illuminance selected for each
task in order to achieve some visual performance goal.

The basic method may be described as follows. Select a visual perform-
ance criterion level for all lighting applications, perhaps reflecting economic
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conditions and/or the significance attached to visual performance. (Selec-
tion of a visual performance criterion corresponds to construction of a
horizontal line across each of the four graphs of Figure 1, intersecting a
given ordinate value of visual performance efficiency on each graph.) Using
calculational procedures described in the Appendix, tables can then be set

up in which values of the task visual display difficulty are given for each

of a selected number, say 25 pairs, of values of task demand level and ob-
server age. In the example described in more detail in Part II of the main
body of this report, such a table is presented for each of the 13 levels of task
‘illuminance labeled in Figure 1 plus 10 additional levels. Selection among
the 23 possible levels of task illuminance could then be made as follows.
Estimate (a) the median age of the population of workers involvedin a specific
lighting application in terms of the closest of five values of median observer
age and (b) the median level of task demand involved in a specific lighting
application in terms of the closest of five values of median task demand level.
Once this pair of estimates is made, selection of which of the 23 possible
levels of task illuminance should be used is based entirely upon the measured
or estimated value of the difficulty of the task visual display by simply de-
termining which level of task illuminance has a computed value closest to the
one appropriate to the intended visual performance criterion level.

To this point, our summary description of the model has dealt entirely
with the lighting condition represented by an idealized photometric sphere.
As is described in Part III of the main body of this report in more detail, the
analytic model provides mathematical equations to describe actual lighting
systems as well. The basic concept is that any actual luminous environment
can be equated to an idealized photometric sphere providing a given level of
task illuminance. The process of equation involves determining quantitative
factors describing the effects of differences between actual luminous environ-
ments and the idealized photometric sphere which are expressed in terms of
resulting differences in task visibility. One factor takes account of the effect
of the geometry and the plane of polarization of the illuminance upon task
visibility. A second takes account of the effect upon task visibility of the
stray light produced within the worker's eyes by the pattern of luminances in
the task surround. The third takes account of the losses in task visibility
which occur when an observer glances around a task surround with point-to-
point luminances different from the task background. When these three factors
are used, it is possible to calculate values of illuminance and luminance in
an idealized photometric sphere which will provide levels of visual perform-
ance efficiency equivalent to those to be expected in actual luminous environ-
ments.

The concept of equivalent illuminance or luminance offers a second major
tool to use in ensuring that the energy used for lighting is used effectively.
Obviously, if a lighting system produces lower equivalent illuminance and
luminance than another requiring equal energy, additional energy would have
to be used to improve the inferior system to match the superior system with
respect to any visual performance criterion. Thus, the inferior system would
not be energy-efficient in terms of visual performance. Effective use of
energy for lighting requires that human performance criteria such as visual
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performance be used in place of physical criteria such as the quantity of task
illuminance as has been the case in the past.

Thus, the analytic model can be used to provide a method of estab-
lishing selective illuminance standards depending upon task difficulty and
worker age and also to determine to what extent actual lighting installations
satisfy these illuminance standards. The Committee recognizes that the use-
fulness of the methods described here only in concept will depend upon future
efforts of joint working groups or subcommittees of the CIE working toward the
development of suitable application procedures.

There is a third conceptual use of the model , which may have consider-
able ultimate value. The values of visual performance efficiency derived from
the analytic model, such as the values used to prepare Figure 1, are suitable
for use in cost-benefit analyses of alternative lighting systems. Of course,
what is needed isa practical method for relating overall performance efficiency °
to the measures of visual performance efficiency provided by the model. De-
velopment of such an application procedure is clearly outside the scope of the
Committee's work program. However, a mathematical method of describing
the information needed to perform such productivity analyses is described
briefly in Part IV of the main body of this report.

Section D: Limitations of the Analytic Model

The Committee wishes to emphasize that the analytic model described in
this report is based upon all the data made available to it which were in a
form suitable for inclusion, and that the model is thus intended to represent
the state of the art at this point in time. The Committee also wishes to
emphasize that the model is intended to be open-ended so that it can be ex-
panded or modified at any future time on the basis of new information. In this
connection, the Committee urges the Mzmber Countries of the CIE to study
and evaluate the model and to initiate where possible experimental studies
intended to verify its accuracy and/or completeness.

The Committee also wishes to state clearly that, as complex as it is,
the analytic model is still incomplete and known to be applicable to only
limited ranges of some of the model parameters.

With respect to areas of incompleteness of the model, it is known that
the model takes no account of the possible effects of lighting parameters
upon ocular accommodation since suitable data from this area of knowledge
have not become available. Thus, the model should be used with caution in
working situations in which there are frequent demands for appreciable changes
in accommodation required by the conditions under which the task must be per-
formed. In addition, the model takes no account of chromatic contrast effects,
although it has always been hoped that these effects could be included with
luminance contrast effects in specifications of both the difficulty of the visual
task display in terms of Cref and the contrast rendering effect. The model
takes no account of effects of observer motivation, fatigue or stress during
prolonged work under different lighting conditions, since suitable data from
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these areas of knowledge are not available. The model takes no account of
observers' preferences with respect to lighting conditions, nor should it,
since this area of knowledge falls outside the area of work of the Committee.

The model is limited to the population of normal observers above age 20
years and does not necessarily apply to observers with ocular abnormalities
or visual deficiencies. In the opinion of the Committee, the model should be
used only within the following ranges of model parameters: (a) values of
visibility level, VL, between 0 and 100; (b) luminances between 1 and
10,000 cd/m?; and (c) eccentricities of task details with respect to the
ocular line of sight no greater than 3 degrees.

There is in addition a quite specific limitation on the model pointed out
by deBoer,8 namely that the model should not be used in interior lighting
situations in which the task is highly specular and the lighting highly direc-
tional, pending clarification of the interpretation of the experimental data of
Uitterhoeve . (See Part III for further details.)

The Committee wishes to emphasize that the analytic model is based
upon psychophysical measuremants, that is, measurements in which some
aspect of the response of a human observer is measured relative to some
physically measurable aspect of the luminous environment. Since such meas-
urements are seldom practical for use in lighting applications, the usefulness
of the model will depend significantly upon the extent to which physically
measurable and calculable quantities can be identified which correlate well
with the psychophysical quantities of primary interest. The Committee looks
to future efforts of joint CIE working groups or subcommittees to identify ap-
propriate physical quantities and standardized measurement conditions.

The Committee also wishes to emphasize that the model will undoubtedly
be found useful in quite different ways for different lighting applications. For
example, in the case of general interior lighting it is likely that the complete
form of the model will be employed using the two classes of transfer functions
described above. However, in the case of road lighting, the transfer function
which takes account of the effects of lighting parameters upon task visibility
may be used with data relating task visibility to driver performance obtained
from outside the model. In addition, the modifying factors may be evaluated
differently. For example, the contrast rendering factor, CRF, a measure of the
important effects of lighting geometry and polarization upon task visibility,
may be measured physically in interior lighting applications but psychophysi-
cally as a part of task visibility in road lighting applications. (See Part VI for
further details.)

PART I: ESSENTIAL FEATURES OF THE ANALYTIC MODEL

The analytic model has been developed by cross-comparison between two
classes of experimental data relating measures of the efficiency of perform-
ance of tasks with important visual components to lighting parameters. The
construction of the model was primarily based upon analytical data obtained
in experiments in which visual processes believed to be involved in realistic
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work were studied one by one. Cross~comparisons of the data obtained in a
large number of such analytical experiments have been made with sets of
empirical data obtained in experiments in which visual performance was
studied under either real or simulated conditions of visual work. Thus, the
development of the analytic model has depended upon a unification of the two
main approaches to the study of visual performance aspects of lighting de-
scribed in the Introduction to this report. It is the view of the Committee that
unification of the empirical and analytical approaches to study of the influ-
ence of lighting parameters upon visual performance is essential and that the
present model is greatly strengthened by the fact that the two classes of data
were used jointly in its development.

The analytic model presented here is based upon experimental data ob-
tained from approximately 2200 members of the populations of CIE Member
Countries, collected over a period of more than 50 years. All of these data
meet the Committee's requirement set forth in the Introduction, namely that
to be used for the present purposes data must have been collected under
realistic conditions of viewing involving normal binocular vision and natural
pupillary responses. Interestingly enough, very nearly all the data used in
developing the model were collected specifically for the purpose, rather than
having been collected for some other specific purpose or just to extend the
knowledge of visual science.

The model purports to represent a complete description of all known
quantifiable effects of lighting parameters upon visual performance, defined
by the CIE as "the speed and accuracy with whicha visual task is performed."”
The model does not purport to include other aspects of the effects of lighting
parameters upon human users of lighted space. The model is quantitative and
permits calculations of high precision. The extent to which the calculations
reflect the actual behavior of workers in various luminous environments is not
known precisely. This is an area in which Member Countries are urged to
initiate further quantitative studies.

The model consists of a quantitative description of the effect of lighting
parameters upon a measure of the efficiency of the performance of tasks with
important visual components designated relative visual performance, RVP.
For reasons which will be explained subsequently, it is convenient to de-
scribe the effects of lighting upon RVP in terms of the luminance and illumi-
nance of the background of visual task details produced within an idealized
photometric sphere. The reference lighting provided by this sphere has the
characteristics that task illuminance is perfectly diffuse and unpolarized,
with the task surround luminance from point to point precisely equal to that
of the task background luminance. (Subsequently, the model provides
quantitative methods for expressing the physical properties of real luminous
environments in terms of equivalent reference luminance and equivalent
reference illuminance, with the significance that real environments having
given values of equivalent reference luminance or illuminance and an ideal-
ized photometric sphere having the same values of actual luminance and
illuminance provide the same levels of visual performance as measured by
RVP.) The quantitative relationship between RVP and reference luminance,
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Lref, is dependent upon two transfer functions operating in series, with task
visibility level serving as the intervening variable. There is first a quantita-
tive relationship between task visibility level, VL, and the value of Lygf,
then a quantitative relationship between RVP and VL.

The fundamental relationship between VL and Lyef is expressed in terms
of what is perhaps the most important basic concept of the model, as it was
perhaps the most important basic concept of Report No. 19, namely the con-
cept of relative contrast sensitivity, RCS. This quantity exXpresses the influ-
ence of the level of task luminance or illuminance upon the relative sensitivity
of the human visual system, measured in units of inverse luminance contrast,
C. Task visibility increases linearly with respect to RCS, not linearly with
respect to Lref. Indeed, the RCS function of Lyef exhibits marked compres-
sive nonlinearity so that the percentage increase in VL produced by an increase
in task luminance or illuminance is considerably less than the percentage in-
crease in luminance or illuminance, this reduction becoming increasingly
greater the higher the level of task luminance or illuminance involved.

Task visibility also depends upon the difficulty of the visual display
provided by the informational details of the task. A quantitative measure of
the difficulty of the task visual display is obtained by a psychophysical
equation procedure. The luminance contrast of the visibility reference task
which is equal in difficulty to the visual display is determined by matching the
two test objects in visibility at thgir visibility thresholds. Then, the value
of reference equivalent contrast, Cref, of the task details equals the actual
contrast of the reference task used to match it. The visibility reference task
is a luminous disc brighter than its background, having a diameter of 4 min-
utes of arc. The background and surround of the disc are of equal luminance.
The disc is presented.in a train of .2-second pulses, at the rate of approxi-
mately one pulse per second. The psychophysical procedure involves having
the observer adjust the contrast of the disc until it is at the borderline be-
tween visibility and invisibility. In principle, the observer views the disc of
variable contrast and the task visual display of fixed contrast alternately,
with the task background luminances matched visually. A contrast-reducing
visibility meter is used to reduce the visibility of both the disc and the task
visual display equally without altering the level of luminance to which the
observer's eye is exposed. In equating the visibility of the task visual dis-
play and the disc, the observer uses an appropriate informational criterion for
the task visual display, but always uses the visibility threshold criterion for
the disc. For example, in order to establish the value of Cyref for reading
material, the observer would adjust the contrast of the disc and adjust the
contrast reduction of the visibility meter until alternately the disc was just at
the borderline between visibility and invisibility and the reading material was
just barely legible.

The visibility level, VL, of a task is defined by the relationship
VL = Gref/éref (1)

where Eref is the reference threshold contrast for the reference observer, a
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hypothetical single observer having the psychophysical response of the aver-
age of a reference population. Since Cref is numerically equal to the luminance
contrast of the 4-minute disc, an alternative definition of visibility level is:

VL. = Cref /Cref (2)

Equation (2) illustrates that VL is a psychophysical quantity expressed in
units of a particular observer's luminance threshold contrast. Since it is well
known that different observers have different visibility thresholds, Equation
(2) implies that a visual display of fixed luminance contrast will have a dif-
ferent value of VL for different observers.

All these considerations are summarized in the following expression for
task visibility level:
aref
VI, = —————— X RCS 3)
.0923 my (
where the constant .0923 is the visibility threshold for the disc obtained by
the reference observer at a level of task background luminance equal to 100
cd/m?; mj is the visibility threshold multiplier, that is, the ratio obtained
by dividing the individual's visibility threshold contrast for the disc by the
constant .0923; and RCS is defined by the expressions:

g -4 -2.5
RCS = n [(tLref> + 1] (4)
2.5
/s \4
n—[<100t> * 1] )

where S and t are the basic RCS parameters, and n is a normalizing constant
used to bring the value of RCS to unity at a level of task background luminance
of 100 cd/m®. It is apparent that values of task visibility level will depend
upon (a) task background luminance, through the value of RCS corresponding
to that luminance, (b) the level of task visual display difficulty, as expressed
by the value of Cref, and (c) the contrast sensitivity of the observer, as ex-
pressed by mj. The parameters S and t which define the RCS function of lumi-
nance are not fixed constants but depend upon a number of conditions of the
visual task and the observer's age. Thus, there is no longer a single RCS
function of luminance as was reported in Report No. 19, but rather a family

of functions. Quantitative statements of these relationships are presented

in the Appendix in which is described a calculational procedure for use of the
analytic model. The interested reader will find a more complete description

of RCS functions of luminance in the companion volume to the present report.

Let us now turn to consideration of the second-stage transfer functions,
namely those relating relative visual performance, RVP, to task visibility
level, VL.

As described in Report No. 19, analyses of visual performance data col-
lected under conditions of simulated visual work available before 1972 showed
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that visual performance is related to task visibility level in an orderly way,
the efficiency of visual performance increasing regularly with VL, the func-
tional relation being described by an S-shaped curve. In Report No. 19, linear
visual performance data were plotted as a linear function of VL and the S-
shaped curves were skewed, that is, not symmetrical above and below their
median values. The Committee has since discovered that the simplest method
for describing the transfer functions relating RVP to VL is to plot the visual
performance data as a function of the logarithm of VL., designated alpha («).
When this simple data manipulation is accomplished, all sets of visual per-
formance data exhibited in Report No. 19 are adequately described by sym-
metrical S-shaped curves known as log ogives. These curves are reasonably
linear for median values of RVP, showing expansive nonlinearity for smaller
values of RVP and compressive nonlinearity for larger values of RVP on semi-
logarithmic graphs, but, as noted above, showing a simple compressive non-
linearity on double logarithmic graphs which reveal the true properties of the
transfer functions in percentage terms. (For more quantitative information on
this important point, consult the companion volume. 7)

The Committee's main task since 1972 has been to identify the precise
guantitative properties of the second class of transfer functions, using both
analytical and empirical data. It has turned out that cross-comparison of
visual performance data obtained in the analytical and empirical experiments
was essential to successful completion of this task. Let us summarize here
the nature of the findings, which are discussed much more fully in the com-
panion volume. 7

Analytical experiments were first conducted which involved test objects
consisting of arrays of five Landolt rings, designated in Report No. 19 as the
visual performance reference task, each Landolt ring being constructed by
producing a gap or break in an annular ring. In these experiments, values of
VL were altered systematically by varying either 5ref or task background lumi-
nance, or both. The efficiency of visual performance was assessed by de-
terrxjining the proportion of test trials on which an observer could correctly
identify the locations of the breaks in either some or all of the Landolt rings
in each array. The level of performance demand was varied by one or more
of the following variations in the task conditions: (a) the number of rings
was; varied; (b) the distance between the rings was varied; (c¢) the amount of
information the observer had to give about the array of rings was varied; and
(d) the time available to the observer to obtain the information was varied.

It was found that, whatever the combination of these variations in the task
conditions, the visual performance data were fitted by a log ogive so long as
the measures of performance efficiency were expressed relative to the maxi-
mum value obtained for very large values of VL, that is, so long as the per-
formance efficiency data were described in terms of relative visual performance,
RVP. It was also found that, contrary to what was thought to be the case when
Report No. 19 was prepared, no single log ogive could be used to fit all the
sets of visual performance data obtained under different task conditions.
Rather, a family of log ogives was needed. Howewver, the family of log

ogives has relatively simple properties such that a single mathematical
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parameter could describe each log ogive. This parameter was the value of the
logarithm of VL. at which RVP equaled .50. This value is the visual perform-
ance threshold, in units of log VL. Visual performance thresholds are low
when the task demand involves very little information, very few and closely
bunched task details, and ample time for search and scanning. Visual per-
formance thresholds are high when the opposite conditions occur. A family of
log ogives thus expresses what can be expected for a variety of realistic visual
tasks differing in what has been designated the task demand level, D.

Before discussing additional aspects of the second-stage transfer func-
tions, let us consider a basic postulate of the analytic model which is con-
tained in Equation (3) presented above. The numerator of the expression for
visibility level, VL, implies an interchangeability between the effects of the
luminance contrast of task details and the luminance of task background.

This interchangeability is not linear. Equations (1) and (2) demonstrate that
C is linearly proportional to contrast for a given set of task details, but RCS
is nonlinearly related to task background luminance as shown by Equation (4).
The basic postulate that C and RCS, and hence C and RCS, are interchange-
able was a foundation stone of CIE Report No. 19. The logic of the postulate
seems strong under the conditions of static visibility threshold experiments.
Contrast sensitivity, CS, and RCS are defined in inverse contrast units and
the interchangeability principle with respect to C and RCS represents an iden-
tity axiom such that VL is always equal to unity at visibility threshold. Ex-
tending the principle to include the interchangeability of C and RCS further
assumes the stability of psychophysical equation of task detail difficulty.
Considering the more general case, the definition of VL contained in Equation
(2) amounts to a simple scaling of contrast in terms of units of contrast sen-
sitivity, a procedure which BodmannlO has considered equivalent to the defi-
nition of signal-to-noise ratio, a concept which has been widely accepted for
use in describing physical and psychophysical detection systems.

The use of Equation (3) in this report in connection with the second-stage
transfer functions assumes that the interchangeability principle continues to
apply under the dynamic conditions of visual work. The logical argument for
the validity of interchangeability would seem equally strong under dynamic
and static conditions, unless there were some known effect of either task
detail contrast or task background luminance under dynamic conditions which
is not present under static conditions which could disturb interchangeability.
When the analytic model is limited as specifically stated in the Introduction,
there are no known effects which could be expected to invalidate the inter-
changeability principle. Indeed, the Committee members accepted the validity
of using the interchangeability principle in connection with both static and
dynamic conditions in preparing Report No. 19.

Nonetheless, one Committee member considered it worthwhile to conduct
a direct test of the interchangeability principle when applied to the dynamic
conditions of visual work situations. Visual performance was studied as a
function of visibility level, values of VL being varied alternatively by varying
the luminance contrast of task details and by altering RCS by changing the
luminance of the task background. The results of the experiment are reported
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