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INTRODUKTION

Denna TELDOK-rapport har tvd forfattare - Martin Helander
och Mov Ostberg - och redovisar deras observatfoner av den
aktuella utvecklingen i USA.

Olov Ustbergs bidrag fokuseras bl a pd ett delomrdde 1 stark
utveckling - talteknologi - som tidigare Odversiktligt
benhandlats i TELDOK-INFO nr 1. Ostbergs bidrag har tidigare,
som framgar, publicerats i artikelform men redovisas hir
samlade.

Ostberg tar ocksd upp frdgan om den nya teknikens effekter
for arbetsmarknaden: Skapar den nya tekniken verkligen
fler, mer kvalificerade arbeten, eller blir det bara fraga
om mer begdvade "svarta burkar” dir arbetsinnehdllet - pd
gott eller ont - inte skiljer sig mycket frdn dagens arbets-
uppgifter?

Martin Helanders bidrag &r av annan karaktdr: det ger en
bred, begreppsmissigt disponerad bakgrundsbeskrivning av
rddande utvecklingstendenser i USA. Bidraget publiceras
- foljdriktiat - pa engelska.

Bidragen har tillkommit under en period dd Helander och
Ostberg bdda vistats i USA, och gd)ler ett projekt for
vilket férfattarna delat rapporteringsansvaret. Det ir
darfdr naturligt att rapporten - pd forfattarnas gemensamma
onskan - publiceras som en helhet av TELDOK.

Bertil Thorngren
Ordférande TELDOK Redaktionskommitté
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SAMMANFATTNING

Projektets ansats var att till Sverige rapportera intres-
santa hindelser inom kontorsautomationsomradet i USA.

Genomgdende kan sigas att arbetsmiljbaspekterna dr betydligt
battre tillgodosedda vid kontorsautomation i Sverige. Detta
gor att rapporteringen frdn UYSA till Sverige snarast har
haft karaktiren av framlyftning av vissa teknikfdreteelser
in ergonomi- och arbetsmiljéforeteelser. I huvudrapporten
The Automated Office: A Description and Same Human Factors
Design Considerations diskuteras allmdnna fragestilliningar
utifrdn en uppdelning av kontorsfunktionerna {1 huvud-
grupperna:

Transaktioner
Dokumentation
Telefonering
Personkontakter/méten

F61jande teknikanvindningar diskuteras under separata
uderrubriker

Datorstddd konstruktion och produktion (CAD/CAM)
Databassystem

Flektronisk post

Elektronisk informationslagring

Grafiska inmatningsdon

Lokala natverk

Videokonferenssystem

Bitdskdrmsterminaler

Rostigenkdnning

Rostbrev]adesystem

Eftersom huvudrapporten skrivits pa engelska och dessutom
ir hdlien pd en nivd som fordrar vissa forhandskunskaper for
att kunna tillgodogéras, har projektteamet Ostberg/Helander
valt att popularisera och snabboverfdéra vissa av de mer
intressanta frdgestiallningarna 1 form av tidningsartiklar
publicerade i Sverige under projektets ging. Dessa artiklar
bifogas och torde inte behdva ndgon ytterligare samman-
fattning.

En frdga har behandlats lite styvmoderligt i projektet.
Denna frdga &r: "Kommer kontorsautomationen att ge arbets-
16shet?” Utan att frigan sammanhd)let behandiats i huvud-
rapporten och populdrartiklarna kan det dock vara pd sin
plats att f sista minuten erinra om ett par farska USA-ron
harvidlag.

A)Imint gdller att det i USA ar 1983 uppskattningsvis finns
ca 10 miljoner bildskdrmar. Prognosererna pekar pd att
antalet kommer att fortsdtta 8ka raskt under minga &r
framdver, men att samtidigt antalet fristdende "hemdatorer"
(som for Svrigt snarast kommit att bli “arbetsplatsdatorer®)
kommer att 6ka i d@nnu snabbare takt. Det forutspds att
olfka former av lokala ndtverk och programvarutillskott



kommer att mdjliggora att former av datorutrustningar snart
kommer att kunpa kommunicera sinsemellan. Kommer denna
datoriseringsvag att ge spdr vad gidller sysselsdttningen i
USA?

En typ av svar gavs nyligen av generaldirekttr William F
Bolger vid USAs Postverk. Vid en presskonferens i Los
Angeles den 6 april 1983 lanserade han USA-postens senaste
automatiserings- och datoriseringsinitiativ. Genom Svergdng
till en helt ny typ av postnummer och genom anskaffning av
automatiska postsorteringssystem kommer posten att kunna
spara in betydande 1dnebelopp. Vid den mekanisering som
inleddes pa 70-talet minskades antalet postanstillda med
72 000 personer genom naturlig avgéng.

Den automatisering som nu satts in for 80-talet kommer att
f4 ett dnnu storre antal arbetstil)fillen att forsvinna, men
generalpostmdstaren betonade att det fortfarande kommer att
rora sig om naturlig avging i kombination med slopande av
gvertid och deltid och tilifdlliganstdlIningar. Med de nya
maskinerna kan 2-3 personer sortera samma brevmdngd som 97
personer nu klarar med dagens maskiner.

En annan typ av svar finns att hamta frdn bankomrddet. I
Sverige har ju antalet bankanstdllda under de senaste
decenniet oOkat med ca 40 procent och bankerna har forsakrat
att det inte kommer att hinda att bankanstallda sdgs upp pga
introduktionen av datorer och bankautomater. Det har tvirtom
hdvdats att bankautomatiseringen skulle ge kassapersonalen
battre kundkontakt och rikare tillfdllen til) kvalitativt
bdttre arbete. Nu ha emellertid intrdffat den hindelsen att
stora CitiBank i New York infdrt regeln att enda mdjlig-
heten for bankkunder att komma { personlig kontakt med
bankpersonalen dr att ha ett tillrdckligt stort belopp
insatt pd baken. Alla kunder som har konton understigande 40
000 kronor dir férbjudna att anlita kassortna och hanvisas
obonhdrligt till bankautomaterna. Och av en undersdkning
bland bankernas beslutsfattare, utféord av Allied Corpora-
tion~s Bunker Unit vdren 1983, framgdr att USAs banker
genomgdende raknar med att kunna skidra ned antalet anstillda
med drygt 15 procent under den kommande tiodrsperioden.

Den kanske mest pdtagliga sysselsidttningsdiskussionen har i
USA hittills gallt mojlfheten att skapa sysselsdttning via
de blomstrande datorfdretagen. Det basta exemplet har
hdrvidlag varit Atari, som dr dominerande vad gdller fiffiga
videospel for hemdatorer. Detta exempel har emellertid
hastigt fordrukats, ty nyligen har ledningen for Atart
tillkdnnagivit att en hel fabriksavdelning med ndstan 2 000
anstdlIningstil1fdllen ska flyttas till Taiwan och Honkong.
Fler datorfdretag vdntas fo)ja efter.

Nu har ocksa en analys av arbetsmarknadsstatistiken och
arbetsmil jostatistiken i USA givit ytterligare belagg for
att det kan vara en dubbelmyt att ny teknik skapar jobb, och
pra jobb. Forskarna Henry M Levin och Russel W Rumberger vid
Stanfords Institut for Forskning om utbildningsfinansiering



och utbildningsstyrning har blottlagt dessa obehagliga fakta
(The Educational Implications of High Technology, 1983).
Visst skapas det Jjobb, och bra jobb med ny teknik, men
samtidigt blir befintliga jobb genomgdende av betydligt
1igre kvalitet i den mdn de de alls finns kvar i sin nuva-
rande form . Ett betydligt storre antal jobb forsvinner an
vad som nyskapas. Och de jobb som nyskapas dr bara till en
forsummande liten del av karaktdr "ny teknik".

Den procentuella tillvaxten av "ny teknik"-jobb dr hdg men
det absoluta antalet dr mycket litet. Samtidigt som 150 000
programmerarjobb tillskapas vixer antalet nya "hjdlprede"-
jobb med 3 miljoner. Till hjdlprede-jobb rdknas fastighets-
skotare, snabbk&pskassorskor, snabbmatserveringspersonal och
motsvarande sysselsattningar med mycket 14ga krav pd utbild-
ning. Endast fyra av de starkast Okade sxsse]séttningska-
tegorierna krdver utbildning pa gymnasieniva.

Vid diskussion om sysselsittningsliget ska kommas ihdg att
den officiella arbetsldshetsstatistiken visar pd ca 3%
arbetsidshet i Sverige och ca 10% i USA. Det kan ocksd vara
pa plats att erinra om att dven Sverige medverkar till att
exporten av arbetstilifdllen sker Over granserna i takt med
att antalet datorer Okar vdrlden dver. Primdata, som ligger
i 0xeldsund och som dr ett till Svenska Stal knutet dator-
fdretag, annonserar sommaren 1983 i USA med uppmaningen:
"Lagg datorjobb i Sverige - pga tidsskillnader har vi ledig
kapacitet ndr USA har som hdgst beliggning, och vdra datorer
dr bemannade dygnet runt". .
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Rostteknologi

Den talande datorn
"MIUAR@E@

KRONOR SA JAG INTE MI&JONER

— snarxt

ar den
har pa
allvar

Av OLOV OSTBERG

Under de senaste tjugo aren har
sikert tiotusentals persontim-
mar och tusenmiljontals kronor
virlden gver spenderats pd ma-
skinell framstiillning och avlyss-
ning av rést. Resultaten fran
denna enorma satsning har latit
vinta pa sig men nu ser det fak-
tiskt ut som om forvéntningar-
na kommer att infrias. Det finns
skil att tro att det finns san-
ningskorn bakom de rykten som
siger att Japans satsning pi
femte generationens datorer’?
kommer att resultera i automa-
tiska dversattningsmaskiner
mellan godtyckliga sprak och
via skrift eller rost.

En mer blygsam och allmén férvin-
tan 4r att den manskliga rosten ska
dterupprittas som kommunikations-
medel efter att ha varit satt pi undan-
tag i tekmksamhallet.

391130-0014 miste det heta pa hii-
kortens tid. Senare accepterades
ocksd formen Ostberg, Olov N. och
férst vlra dagars avancerade date-
system kiarar att jimstilla detta med
det naturligare Olle (5.91berg Véra
anspridk har varit s 14ga att vi genast
ar beredda att saga att nu har datorn

blivit bAde *mansklig'’ och ‘’intelli-
gent'',
Vi har hittills “talat’" till maskin-

:

systemen via vira hidnder (tan-
gentbord, ljuspenna) och fatt 'svar’
med information via véra égon (bild-
skarm, utskrift). Rostteknologins ge-
nombrott ger nu méjlighet till datain-
matning genom mikrofon och datau-
tmatning genom hdgtalare. Samtidigt
har grinserna mellan databehandling
och telekommunikation suddats ut,
likasd granserna mellan medierna
rést, text, grafik och bild.

Ett klart uttryck f6r sival grins-
dverskridandet som den hirda eko-
nomiska kampen om den nya mark-
naden ar, att telebolagen gér inbryt-
ningar p4 dataomrdet och alt data-
bolagen gor inbrytningar pd teleom-
radet.

Televerket gor oss till det forsta
fand dar funktionen réstbreviida ar

g i Olov Ost-
{[berg, pro-
;|| fessor och
N TCO-om-
| budsman
~{ n ghst-
H forskare
vid
B NIOSH,
USAs mot-
i svarighet
9 tiHl Arbe-
tarskydds-
styrelsens
K forsk-
M ningsavdel-
: ning — har
sluderat rbstteknologl med anslag frdn
TELDOK (startat av Televerket).

Teckning: JERRY KOCK

tillginglig for telefonabonnenterna.,
Med bdgan i Goteborg introducera-
des rostbreviddan hosten 1982. Sys-
temet har kdpts frin IBM.

Rostbrevldda innebir att rdsten di-
gitaliseras for efterféljande datorbe-
handling, lagring och &tkomst. Nar
telefonerna successivt foérses med
knappsats istillet fdr nummerskiva
gir det mycket snabbt ait som tele-
fonabonnent koppla in sig till datorn
och prata in ett meddelande av obe-
gransad langd till den person som vid
tillfillet inte var tillganglig for tele-
fonsamtalet. Datorn ringer sedan upp
och framfér det inpratade meddelan-
det om mottagaren si dnskar och kan
identiftera sig med ett 16senord.

Efter studiebesék p& 1BM i York-
town Heights, september 1981 och
september 1982, kan Konstateras att
rostbreviddan dir under drygt ett &r
anvants fullt ut och till allas beldten-
het. Rostbrevlddan har blivit ett flj-
tigt anvidnt vardagshjilpmedel och
ménga anvédndare har hunnit dvergh
till systemnivd 111. P& denna nivd 4r
det bl a majligt att reglera hastighe-
ten pd den datoruppspelade résten
(utan att tonhdjden andras!) och med
hjdlp av knappsatsen gir det att redi-
gera det man sjalv pratar in och t ex
omarkligt andra ett uttryck inne i ett
ordf1dde, flytta pa hela meningar eller
i efterhand lagpa till en inledning.
Andra funktioner &r att 1ita ett och
samma meddelande gi ut till minga
mottagare (kallelse till sammantri-
de), ringa upp sig sjalv med en pimin-
nelse ett halvdr framdver, under resa

Véand



Rostteknologi

Forts

Hemarbete
underlattas

— men vad
sager facket?

per telefon bladdra igenom de tele-
fonlappar som samlats p hog pa-kon-
toret, osv.

Réstdigitaliseringen har av fdreta-
get Centigram utnyttjats pé ett annat
fiffipt sitt. P4 samma sitl som data
via modem kan skickas pi telenitet,
kan med Centigrams utrustning tele-
fonsamtal skickas pd ett datanit.
Detta utnyttjas av flera slora interna-
tionella foretag som etablerat perma-
nenta datalinjer mellan 1 ex dotterbo-
lag i Europa och huvudkontorets da-
tor i USA. Dessa féretag ringer trans-
atlantiska telefonsamtal utan mer-
kostnad, eftersom man redan betalar
for datalingen.

Hemarbete och pratbubblor

IBM 3r ingalunda det enda foretag
som salufér teknik for datoriserad
rostlagring, och rdstbrevlida kopplad
till telefonen #r bara en av minga
skilda tillampningar.

I Kalifornien har First Interstate
Bank lanserat ett sysiem for telefon-
fdrmedlade och kontantlésa penning-
transaktioner. Bankkunden ringer
upp det speciella transaktionsnumret
och vigleds av en datorlagrad rdst
genom hela gdr-det-sjilv-processen
tills allt ar klart och datorrésten ber
om en sista knapptryckning som be-
kriftelse pd att kundkonto A Sverfor
beloppet B till mottagarkonto C avse-
ende faktura D.

En annan tillampning exemplifie-
ras av bilden pd den hemarbetande
smibarmsmamman, som i stora an-
nonser under 1982 anvints i Laniers
marknadsféring av system Telestaff.
Lanier hller pa att etablera ett kund-
nira nit av hemarbetande ordbe-
handlingsoperatorer.  Operatérerna
far per telefon frin Laniers regional-
koator en utskriftsdiktering, som La-
nier i sin tur f4tt frdn kunden: Lanier
tillhandahiller den tekniska utrust-
ningen men fungerar i dvrigt som te-
lefonopererad fdrmedlingscentral €6r
utskriftsarbetet. Kunderna anvander
telefonen som diktafon och behover
inte skaffa vare sig avancerad kon-
torsutrustning eller egen skrivperso-
nal. Att sfidant datoriserat hemarbete
rimmar illa med svenska fackliga vér-
deringar behgdver vil inte tilliggas.

Passa barn och skéta kontorsjobbet samtidigt — den kombinationen anviéinds [ reklamen §
USA. Smibarnsmamman vid ordbehandlingsmaskinen ffr utskriftsdikteringen per telefon
frén arbetsgivarens reglonalkontor.

Motorola ar en storkoncern tnom
datorbranschen, vars dotterbolag
Four-Phase System siljer en bild-
skarmsterminal innehfllande bide
mikrofon och hdgtalare (Series 5000).
Terminalen innehiller namligen en
rostbrevidda som integrerad del till-
sammans med delfunktioner som
clektronisk post och touch-display.
Touch-display inneb4r att bildskir-
mens yta gjorts kanslig for {att fing-
ertoppsberdring och programmerats
for att kunna tjanstgbra som extra
tangentbord vars ‘'tangenter’’ kan
placeras pd godtycklig plats p& skir-
men och kan ges godtyckligt funk-
tionsinnehdll,

IBM har i en hittills ¢j marknads-
ford bildskdarmsvariant kombinerat
funktionerna réstbrevidda och touch-
display. Resultatet blev funktionen
“pratbubbla’ (voice annotation) un-
gefar som i tecknade serier. Om man
t ex vill kommeantera en tabelluppgift
i en skdrmbild, s& nuddar man skir-
men pd [dmpligt stille och genast
kommer d& fram symbolen pratbubb-
la just dir man holl fingret. Genom
att darefter hilla en tangent ned-
tryckt kan man sedan prata in sin
kommentar till tabelluppgiften. Nar

tabellen tas fram en manad senare av
€n annan person i en annan stad, kan
den muntliga kommentaren i prat-
bubblan aktiveras genom att prat-
bubblan nuddas med fingret och en
tangent tryck ned pd tangentbordet,

CAI — datorstdédd instruktion

First Interstate Banks program for
lotsning av bankkundernas knapp-
tryckningar #r exempel pi tillamp-
ning av datorstddd instruktion; CA/,
Computer Aided Instruction. En upp-
sjd tillampningar finns redan. Sélun-
da har Centigram till flera leverantd-
rer av ordbehandlingsutrustning salt
CAl-system for rostvigledning av
nybdrjaroperatérer. Nyb&rjaren far
av en vianlig rost uppgift att hantera
tangentbordets olika funktionstang-
enter och beroende pi resultatet kan
datorn koppla in olika triningsspér
och hela tiden kommentera prestatio-
nerna,

I industrin anvands CAI inte bara
{or triningsindamal utan ocksd i situ-
ationer dir det ar ytterst viktigt att
operationerna utfors i en alldeles be-
stdmd ordning: 'Ta komponent A —
Skruva fast A med skruv frén lida B
~ Ta komponent C— ., , .



Syntetisk rost

Hittills beskrivna tekniker har hand-
lat om digitaliserad rést kombinerad
med datorbehandling och dtergivaing
av ursprungsrdsten i mer eller mindre
féradlad och omstuvad form, dvs da-
torn har fungerat som en snabb och
kraftfull bandspelare. Ett typexempel
pa denna tillaimpning av rdstteknolo-
gin ar de snabbképsbutiker i USA,
dér kassorskan snabbt drar den med
streck-kod férsedda varan dver kas-
sabordets glasruta varvid en laser-
strdle laser av koden och en hégtalare
sager t ex ""Heinz tomatsoppa. Tret-
tiotre cent'’. Har kallar datorn snabbt
fram de i forvig inspelade aktuella
orden {rin registret dver alla tinkba-
ra och behdvliga ord i butiken. Vis-
serligen finns det ett enormt antal
fabrikat, varunamn, storlekar och
priser, men datorer ar ju bra just pA
att klara av stora volymer.

Niasta tekniknivd innebidr att da-
torn uttalar ord och hela meningar
som den aldrig matats med f6rr. Det-
1a kallas syntetisk rostgenerering och
innehjller forsknings- och wvtveck-
lingsproblem av en helt annan digni-
tet.

Att A&stadkomma for manniskor
forstdeligt ljud frin sknft kraver inte
bara stor och snabb datakraft utan
framfor allt genuin kunskap om det
verbala sprakets arkitektur och méa-
niskans tal- och hérselorgan och den
diarmed sammanhingande psykomo-
toriken och perceptionen. Vanligtvis
anvander system for syntetiskt tal
fixa uttalsregler for sprikets sig
10 000 vanligaste ord och bokstavs-
kombinationer, samt | dvrigt stalis-
tiskt och logiskt hirledda uttalsregler
for att frdn enskilda phonem (*’ljud-
atomer'’) bygga upp sammanhingan-
de och manniskordstliknande ljud.

Genombrott nira

Sverige kan gladja sig 3t att genom
professor Gunnar Fant och institutio-
nen for talgverféring pd KTH ha till-
géng till hogsta klassens talmaskiner.
Inmatad text fran tangentbord (déva
personer!) eller genom optisk Ydsning
av tryckt text (blinda personer!) om-
vandlas auvtomatiskt till fullt forstie-
ligt tal.

Tillimpningarma utanfér handi-
kappomridet avgdrs helt av vir egen
péhittighet. Det syntetiska talet stir
tveklgst infdr ett starkt genombrott
inom en snar framtid. Av speciellt
intresse ar att talmaskinerna i det
nirmaste ar oberoende av vilket
sprik som ska uttalas. Det kostar
obetydligt mer att ha en maskin som

Védnd

Professor Gunnar Fant (i miften) och docenterna Bjérn Granstrém och Rolf Carlson
med text-1ill-tal-systemet (det @r de svarta lidorna pf och bakom terminalen).

Den svenska

talmaskinen

Sverige ligger vil framme in-
om rostteknologin bl a genom
ett text-till-tal-system som ut-
vecklats under ledning av pro-
fessor Gunnar Fant vid institu-
tionen for taloverforing vid
Tekniska hogskolan, KTH, i
Stockholm.

Systemel stir klart att bérja mark-
nadsféras av StatsfOretaps dotter-
bolag Datavox. Samma system ar
f & redan ute pi marknaden: det in-
gér i Facits *'talande skrivmaskin'',
visad pd Data Kontor Miljd-méassan
i Alvsyd £or en tid sedan.
Textldsaren blir relativt billig,
bl a genom att man anvinder kom-
ponenter frin USA och Japan.
“Text-till-tal-systemet  kommer

att kosta mindre an 20 000 kr'*, be-
rattar docent Rolf Carlson, en av
professor Fants medhjalpare. ""Ett
50-tal maskiner kommer att vara
klara i januari 1983. Av dem ér ca
halften redan silda.*

Systemet har méinga tillimpning-
ar — som handikapphjalpmedel men
acksi i olika funktioner pd arbets-
platser. Vid terminalarbete kan det
vara elt alternativ till bildskdrm,
och rosten kan tankas ersitta text i
atskilliga andra sammanhang.

Rolf Carlson: "*Vi kénner ett stort
tryck fr&n minniskor som ar intres-
serade av systemet, och vi tror att
marknaden kommer att expandera
ganska snabbt. Det finns prognoser
frin t ex USA som tyder p3 att sd
kan bli fallet. I s3 fall ar det ju sko-
Jigt om Sverige kan vara med i ett
tidigt skede."*

YR




Rostteknologi

Forts

Tekmniken
stialler krav
pa oss:

Tala rent
och tydligt!

klarar bide japanska och svenska,
och for begrinsade applikationer &r
det relativt enkelt att mata maskinen
med ett sprak och fA ett rstsvar i ett
annat sprak.

Det finns som sagt skl att sitta
tilltro till de rykten som séger att ja-
panerna dr i fard med att utveckla
femte generationens datorer. Med
kinnedom om vad forskarna pA KTH
kan prestera ligger det nira till hands
att tro pd automatiska §versittnings-
maskiner mellan valfria sprdk och for
bide tal och skrift. Detta ar inte ling-
re en utopi.

Rostinmatning klarar 300 ord

IBM har i experiment med simulerad
rostinmatning visat att en skrivma-
skin som automatiskt producerar ut-
skrift frAn muntlig diktamen ar ett ut-
markt kontorshjilpmedel 4ven om
maskinen bara kan identifiera 1 000
talade ord. Experimenten utférdes
med hjlp av manuell utskriftsperso-
nal som utom synhill for den som
dikterade skrev ned talet till en dator.
Datorn rensade sedan bort alla ord
som inte fanns i ordlistan p& 1 000
ord och lat skrivmaskinen framfér
den dikterande skriva vt &terstoden.
Resultatet kunde t ex se ut som "“xxx
fdretag xxx kopa pi torsdag xxx xxx
och svara xxx'. Resultatet berodde
naturligtvis p& om ordlistan var helt
fri eller anpassad till det dikterade
admnesinnehdllet, men det intressanta
ar att den som dikterade ansig att
den "'automatiska'' utskriften var
fullt anvandbar som rdutskrift. Fér-
bittringen var obetydlig om ordlistan
utékades till 5 000 ord.

Att frin en last text ratt kunna upp-
fatta och skriva ut 1 000 ord ar enligt
IBM en klart uppndbar teknik och
utvecklingsarbetet fortskrider. Tills
vidare kan konstateras att kontors-
tilldmpningarna av r&stinmatning, pa
grund av det starkt begransade
ordférrddet och kravet pa upplisning

Insignal

A
ey

[}

Rastteknologl { praktiken — narmare bestémt Unl-
ted Parcel Services paketterminal | Los Angeles.
Frin den stinds lastbilar ut 1 15 rikiningar, Opera-
t6ren vid bandet avgor till vilken lastningsstatlon
paketet ska skickas vidare och uttalar kodordet for
stationen, samtidigt som paketet placeras inom en
milruta pd det 13pande bandet. Operatdren (med
munmikrofon samt en radiosindare | béltet) &r (rf
att avgora vilka kodord han vill anviinda, s4 linge
han hiller sig till dessa kodord och tréinar in dem
med maskinen varje morgon.
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lllustration:
KARIN KJORLING

av enskilda ord med halvsekundldng
paus fore nista ord, &nnu inte blivit
ndgon framging. Dock anvinder
Lockheed ett system med frigetermi-
nal for chefer, executives query ter-
minal, som tycks fungera sd bra att
systemet ska byggas ut. Eftersom
chefspersoner ar notoriskt ovilliga att
anvinda tangentbord har Lockheed
utvecklat en terminal till vilken kom-
mandon kan uvttalas muntligt. Chefs-
personen kan siledes utan att anvin-
da nigot tangentbord fi& fram en
skdarmbild eller en pappersutskrift pd
t ex personalkostnaderna f&r soédra
regionens civila produktion under 3:e
kvartalet 1982, Del raéker att ordme-
nyn innehéller 300 nyckelord.

Permanentas
barnsjukdomarna?

Réstteknologin &r forhillandevis ny
och innehdller ménga ofullkomlighe-
ter. P4 70-talet sdgs system for optisk
lisning, som fordrade att vi skrev
siffror pd ett mycket bestimt sitt och
att vi satte kryss mitt | kryssrutorna
och att vi inte skrev pd skrivskydda-
de ytor och att vi inte gjorde nlgra
veck pd papperet.

P4 samma sitt finns det nu Snske-
mél om att standardisera uttal av siff-
ror och vissa nyckelord. Maskinerna
vill dessutom héra 14nga ord fér att
med stérre sakerhet kunna avgora
vilket ord det rér sig om. Orden m&s-
te dessutom uttalas lika frin géng till
ging och det méiste vara ordenliga
pauser mellan varje ord. Vi maénni-
skor vill saga *‘dagis’’ men maskiner-
na vill fA oss att siga ''barndaghem"".
Vi miste ocks? bira mikrofon och
hortelefon. Samtal med arbetskamra-
ter och musik under arbetet kan det
tyvarr inte bli friga om. Den som har
svArt att prata rent och den som [att
blir trétt i stimbanden f&r hjilp av
talpedagog.

Det finns mangder av utmirk!a till-
ldmpningar fér t 0 m dagens I&gpres-
terande system. En varning miste
dock resas mot okritisk anvindning
och Hverfdring av systemldsningar
frin foregingslandet USA. Det fir
inte g4 si l&ngt att spriket blir nigon
sorts robotiska eller syntetiska eller
maskinesperanto. Integritetsaspek-
terna méiste ocksi diskuteras, spe-
ciellt som vi vet att FBI — USAs
federala polis — har kommit mycket
13ngt och snart kan lisa rdster lika
bra som fingeravtryck. (]



Rapporter om hég missfallsfrekvens bland
bildskarmsoperatérer har under det

senaste aret dykt upp i USA och Kanada.
Det skriver Olov Ostberg, ombudsman pa
TCO och tidigare forskare pa Arbetarskydds-
styrelsen och Hogskolan i Lulea.

Han gastforskar fér narvarande i USA.

betsgivare som for att stilla oron ghul med
pd att (6rsc gravida bildskdrmsoperatorer
med blyfdrkliide till skydd mot den stril-
ning man forklarar inte finns.

Utredningar | Kanada och USA

De kanadensiska myndighcterna har tiil-
salt en snabbutredning om bildskirmsar-
bete, och | november 1982 publicerades
utredningens lingigdende rekommenda-

Kan bildskarmsarbete

orsaka missf:

O Nér bildsk&rmama i bOrjan av 1970-
talet pi allvar gjorde sitt intdg i kontoren
fick Arbetarskyddsstyrelsen minga oro-
liga fedgor.

~ Kommer det farlig strilning frin
bildsk&rmen?

— Skadas 8gonen av att tiita linge pd
skirmens fysande tecken?

— Kan man bli impotent ‘av {cke-joni-
serande stritning (mikrovig, UV, IR)?

~ Finns det risk f8r fosterskador?

Oron var beriittigad, f8r det var en helt
ny teknik som introduccrades i arbetsli-
vel. Visserligen hade man en TV hemma i
vardagsrummet, men inte satt man Atta
timmar om dagen (ramf@r TVn och inte
satt man heller bara nigra decimeter (rdn
bildrutan. Och faktiskt forekom det joni-
serande rontgenstrilning av farligt hég
styrka hos den [Brsta generationen TV-
apparater}

Med &ren dimpades oron. Myndigheter
och forskningsinstitu¢ viriden §ver har
upprepade glnger {3rklarat att strilningen
&r s svap att den knappt cns ghr att méta
och att den under alla omstdndigheter
ligger mycker Mngt under gillande grins-
varden,

Men oron lade sig aldrig helt, och de
senaste dren har oron Gt ny niring.

Starr och hudutsiag

Férst var det nigra uppmisksammade fall
pa tidningen New York Times, diir USAs
journalistfdrbund med uppbackning av |-
kare utpekade bildskfrmsarbetet som en
bidragande orsak {ill att ett par personer
fAu katarakt (starr, linsgrumling). Nigon
kiarhet har fnnu inte nétts.

Sedan upptickies { Narge och England
(och nu ocksi pd fleca bill § Sverige) att
bildskarmsoperatdrer fitt svirf3rklarade
hudutslag i ansiktet. Nu tror man sig veta
att utsiagen beror pa den statiska clektri-
citet som alliid -finns runt en bildskirm,
Det 4r denna statiska elektricitet som { ex
g8r att TV-putan sd fort samiar pd sig
damm, Arbetarskyddsstyrelsen hiller se-

7

dan ett &r tillbaka problemen under upp-
sikt och g8r métningar av de juftelekiriska
forhillandena runt bildskArmar.

MAanga missfall

Sist men inte minst: frin ett flertal bild-
skidrmsarbetsplatser i USA och Kanada
tiar under det scnaste Aref rapporterats
oncrmalt stort antal graviditetsstdmingar
av typ missfall, fosterskadade bamm och
for tdigt fodda bam. Ett typexempel &r
8klagarmiyndigheten i Toronto, dir 10 av
19 pravida bildskirmsoperatdrer fick
missfalt under dren 1980-81.

Myndigheter och arbetsgivare har {or-
kiarat att det miste vara frigan om rent
tilifalliga anhopningar av graviditetsstér-
ningar. Det 4r normalt med en missfalls-
frekvens pd 15 procent (varierar frin land
tiil land), och statistiskt sett & det di
ocksi normalt med bide betydligt hégre
och betydligt lgre missfallsfrekvens pi
enskilda arbetsplatser.

Andd kvarstir oron. Det finns pu ar

tioner, Det konstateras att bildskfrmama
fsrmodligen &r sikra enligt | dag gAllande
grinsvirden, men att detta inte riicker far
att stilla oron. Stora forskningsinsatser
miste disf8s sittas in f3r et studern
risker farknippade med ling tids expone-
ring f&r »ofarliga» liga strdldoser. Till
dess att problemen kartlagts bétire re-
kommenderas f3ljande regler for bild-
skirmsarbete:

O Gravida kvinnor ska ha ritt att med
bibehillen 16n och andra ghllande vill-
kor &vergd till bildskarms{ritt arbete,

@ Arbetstiden vid bildskimm fir inte
Overstiga fem timmar per dag.

® Bildskirmsoperatdrer ska beredas en
arbetspaus per timme.

@ Arbetsgivaren ska svara f8r frlig syn-
kontroll av operatdrerna och tillhanda-
hilla specialslipade glasdgon om det
behdvs,

NIOSH, som &r USAs motsvarighet till
Arbetarskyddsstyrelsens  forskningsav-
delning, har ocksi funnit missfailsrappor-
terna och oron vara skd) till f8rnyade
anstringningar, Under viren 1983 startar
NIOSH darfor en undersSkning dir gravi-
diteter hos ca 6000 bildskarmsoperatdrer
ska detaljstuderas. Samtidigt startas vid
Mount Sinat Hospital en av USAs journa-
listfdrbund bekostad undersBkning av
missfal] och 3goaskador.

Olov Ostberg

Flimmerfri och
stralningsfri

0O En  sminniskovinligs |
bitdskdcm héller pd att ut- -
vecklas pd Chalmers | G3-
teborg. Den ska erbets mad
flytanda kristaller (som en
minirBknare) I stiilet f6r ka-
todstrilerdr som dagensg
bildskirmar,

Fardalarna uppges bl flera, Strdinings-
riskan eliminoras; den fAya skErmen kra-
ver bara 2 voit {6r att fungera — de
nuvarande 17 000 volt.

Den bfir skonsammare mot &dgonen:
fiimrat (Srsvinner och dan far svant text
mot vit botten. B

Inom tre &¢ hoppas forskorna kunna
presentora an bara mm-tjock blid-
skirm av ungefir Ad-storiek.
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I Agneta Skarstigs arbetsrum finns sex bildskarmar. Piverkade de graviditeten?

Kvinnor éver hela varden undrat:

Beror missfallen
pa hildskarmar?

Kan bildskédrmar orsaka missfall och missbildningar?
Det undrar kvinnor dver hela vérlden sedan de hort
om larmrapporter fran USA och Kanada.
En av dem &r Agneta Skarstig, som nyligen fddde ett

missbildat barn.

O Agneta Skarstig ar.en av de kvin-
nor som hoért av sig till TCO sedan
rapporterna frin USA och Kanada
blivit kinda genom tidningar och ett
radioprogram.

Hon arbetar vid en bildskdrm pd en
arbetsplats i Goteborg och sitter i ett
rum med sex bildskarmar. For en tid
sedan fédde bon tvd minader {&r ti-
digt ett missbildat barn, som senare
dog.

— Lakarpa kunde inte hitta nigon
uppenbar anledning till missbildning-

en. Till slut sa de, att missbildningen
miste bero pA en virusinfektion som
jag hade i bdrjan av graviditeten, si-
ger Agneta Skarstig.

Larmranporier

Misstanken och oron dver att bild-
skarmsarbetet kunde vara orsaken
bérjade gro inom Agneta nir hon lyss-
nade tll programmet »Radio Ellen».

Dér tog man upp larmrapporterna
frin USA och Kanada. Frin flera ar-
betsplatser har under det senaste aret

Teaxt: Carl von Schéele
Foto: Jukka Hallman, Reflex

rapporterats ett onormalt stort antal
graviditetsstorningar.

Ett exempel ér dklagarmyndigheten
i Toronto. Dir fick 10 av 19 gravida
kvinnor missfall under &ren 1980—81.

Blytirkiaden

— Det kindes som om hela varlden
ramlade 6ver mig den hir Jordagsmor-
gonen nir jag lyssnade tili program-
met, siger Agneta Skarstig.

— Jag kunde aldrig tinka mig aft
missbildningen kunde vara orsakad
av bildskarmsarbetet. Nu undrar jag
hur det egentligen &r?

Agneta funderar pd att skaffa barn
igen, men nu vet hon inte langre om
hon vigar.

Samma oro som Agneta kdnner ar
vitt utbredd i USA och Kanada. Dar

8
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Arbetsmiljdproiessorn:

Oron maste tas pa allvar
Nu hehovs forskning!

- Det finns ingen anled-
ning att tro att risken for
missbildningar och miss-
fall 6kar vid bildskarmsar-
bete, men kvinnornas oro
maéste tas pé allvar. Och
det behovs mer forskning.

Det sdger Olov Ostberg,
som forde over debatten
om bildskdrmar och miss-
fall till Sverige.

O Det ir ett dubbeh budskap som
Olov Ostberg ger till de svenska kvin-
nor (och mén!) som nu kinncr oro f6r
bildskarmsarbete. Han tror inte att
bildskarmar kan orsaka missfall och
missbildningar, men samiidigl séger
han att det behdvs mer forskning.

Den Jaga strdlning som bildsk&rmar
avger anses ofarlig, men vi vel inte
hur minniskan paverkas om hon un-
der en lingre tid utsitis for dcnna
strélning.

Ett annat frigctecken dr den hog-
spinning som finns i bildskirmarna.
1dag ligger den kring 20 000 volt och
anses ofarlig. Men hojx spinningen Lil}
30000 volt blir strilningen definitivt
for hdg och darmed farlig.

-~ De férsta farg-TV-apparaterna
som kom hade for hog strilning, sa
folk har ritt att vara oroliga, siger
Otov Ostberg.

Han gastforskar nu pd N1IOSH, den

amerikanska moisvarighcicn till Ar-

betarskyddsstyrelsen och ar tjanstle-
dig frin TCO.

Mycket dr okant

Olov Ostberg stiller sjilv frigan

vad det finns fér skil ujt att tro ph
Jarmrapporterna.

— Det méiste finnas en biologisk
grund. Vi vet atl vissa energiformer
kan Sstadkomma missfall, exempelvis
rontgensiriining. Men den 4r lika
stark frin rymden och sjalvlysande
kiockor som frdn bildskdrmarna, si-
ger han,

— Matningar frin hela virlden vi-
sar alt skarmarna inte avger négon
farlig strdining, men det kan finnas
férhallunden kring bildskirmarna som
inte  uppmirksammats. Minniskor
som sitter Atla timmar om dagen fram-
for en skidrm kan kanske piverkas av
stralningen. Det vet vi inget om.

Mycket ir ocksi okint nir det gil-
ler hogspinningen i skarmama. Den
anses t dag ofarlig, men det Ninns un-
dersékningar i andra sammanhang
som visar pa risker med hdgspanning.
En svensk undersdkning visar atl
barncancern Gkar hos familjer som
bor niira hogspinningsledningar. En
annun visar pa okad frekvens av blod-
cancer hos dem som arbetar med
elekiricitet i olika former,

Andra risker

— Del ir nya fakta som var okidnda
for ett par ar sedan. Och det finns
mojlighet att dra parallelter. 1 bild-
skarmar finns hdgspanning och att sit-
ta nira den kan vara jamforbart med
atl bo 100 meter frin en kraftledning.
Del vel vi inget om. siiger Olov Ost-
berg.

En annan orsak kan vara att nigol
materia) som anvinds i skirmen ar
giftigl. Det finns ctl norskt cxempel
pd atl miljégiftet PCB funnits i bild-
skarmsrum och orskat hudutslag hos

=l
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— Jag tror inte att bildsk&rmar ir far-
liga, men det finns all anledning att ta
kvinnornas oro ph allvar, siger Olov
Ostberg, som forde over debatten om
bildskdrmar och missbildningar/miss-
fall till Sverige.

(Foto: Agnaldo S Maciel)

operatbrerna.

En helt anpan hypotes ar att det
inte ar skirmen i sig som orskal miss-
bildningarna och missfatlen, ulan ar-
betssituationen. Stress och andra psy-
kosociala faktorer kan pdverka gravi-
diteten. En undersdkning frin Gate-
borgs universitet visar t ex att risken
for missfall 6kar om kvinnan har natt-
eller skiftarbete.

Slutsatsen @r att det behdvs forsk-
ning pA en mingd omrden.

Begransad arbetstid

TCO kraver L ex att morgondagens
bildskarm inte ska innehdlla hdgspan-
ning, D4 forsvinner manga av de hir
farhdgorna.

— Fortsitt alltsd ait krava bitre
bildskdrms- och arbetsmiljder, upp-
manar Olov Ostberg och tiltdgger att
det dr)ika viktigt att skydda bdde min
och kvinnor fran straining.

— Ett satt ir att begrdnsa arbetsti-
den vid bildskarmen, men di ska den
vara avstingd ndr den inte anvénds,
sager Olov Ostberg. H

har myndigheter och arbetsgivare satt
in Atgirder fdr att Jugna kvinnorna,
trots att den officiella instéllningen ar
att anhopningen av graviditetsstdr-
ningar méste bero p3 tillfdlligheter.

En del arbetsgivare forser no gru-
vida kvinnor med blyférkldden till
skydd mot strélningen.

Rekommendation

1 Kanada tillsatte myndigheterna en
snabbutredning. I november 1982 pu-
blicerades utredningens langtgaende

rekommendationer, Dir konstatera-
des att bildskdrmarna formodligen dr
ofarliga, men att det inte racker for att
stilla oron. Diarfor behovs forskning
for att tex studera riskerna med de
ldga strildoser som bildskidrmar avger
och som hittills ansetts vara ofarliga.

Till dess atl problemen ar kartlagda
rekommenderade de kanadensiska
myndigheterna bla alt gravida kvin-
nor ska ha riitt atl f& bildskarmsfritt
arbetc med bibehdllen 10n och andra
gallunde villkor.

— Det &r en bra rekommendation
om den gar att genomfGra, siger Ag-
neta Skarstig.

-~ Men jag vet inte hur det skulle
6sas p4 vir arbetsplats. Hir dr det
valdigt svart att f4 ett arbete utan kon-
takt med bildskarmar. Dessutom. i
mitt fal) skedde missbildningen myc-
ket tidigt. Nar en misshildning sker s
tidigt ir det inte alllid kvinnan vet att
hon &r gravid och di hjdlper inte ¢n
sddan rekommendation, stiger Agneta
Skarstig. [
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beta borta bra

GEORGE ORWELL
skrev 4r 1948 framtidsro-
manen 1984, Dar later han
huvudpersonen Winston
Smith Jockas i fallan att
ansluta sig till en mot-
stindsrérelse fingerad av
maktapparaten. Det hela
slutar med att Winston
blir grundligt torterad och
hjarntvattad, sa till den
grad att han till slut upp-
riktigt dlskar maktappa-
raten, forkroppsligad i sto-
rebror.,

Winston besdker en av chefsinfiltra.
tdrerna i dennes hem. Hir far vi
viirldens forsta beskrivning av dato-
riserat hermnarbele utfért genom di-
rektdlktering till rdstskrivaren ‘spe-
pkwrite' p4 det supereffektlva ny-
sprikel ‘newspeak'. Boken &r fylld
av z2idana framtldsbeskrivningar.
Faktiskt finns det nu en uppsjd ar-
tiklar och til} och med bdcker som
diskuterar | vilken utstrackning
lOrL;'-ree).ls fdrutsBgelser ghtt i upplyi-
e

Boken 1984 ‘i{;nehéller totalt 137
fOrutsigelser. 1972 hade 80 av
dem ghtt | uppfyllelse (t ex om per-
sondatabanker) ach 1978 hade 100
gAtt i uppfyllelse (¢ x om provrdrs-
bern). Tidningen The Puturist har
oroat sig &ver den snabba uppfyllel-
setakten, ty 1984 ger ju inte ndgon
sirskilt positiv bild av framtiden.
Tidningen har d&rf0r uppmanat 13-
sekretsen att skicka in farslag Gver
hur vi ska kunna forhindra att tek-
nikutvecklingen leds in § skdana ba-
nor att alle Orwells 137 Brutsigel-
szx;ﬂ.nner bl praktisk verklighet &r
1 .

Ar det vettigt

Hir hemma har Dataingpektio-
nen lagt ned omfattande arbete p
att forhindra it databanker med
personinformation rnissbrukas av
Ystorebror'. Detta 4r bra, men man
kan nog friga sig om det &r vettigt
att Dataingpektionen kan séitta
slopp for myndigheternas majlighe-
ter att genom registersamkdrning
Eéra upp skattesmitare och andra

onorniska brottslingar, speclellt
som Dataingpektionen inte lagger
sig | att naringslivet, genom data-
teknikens utveckling, fatt majlighe-
ter att | varsta storebrorsstl de-
talj8vervaka och styra enskilda ar-
betetagare.

1 USA &r denna tendens (Aratarkt.
President Reagan genomdrivar for
nfirvarande en kraftlg forstﬂrknh\i
av marknadskrafternas spelrum p.
de federala myndigheternas bekost-
ned. Och samtidigt hyllar han data-
industrins nydaningar.

Fin traning

Men minga tycker nog att han
gick Lite far lAngt, nar han f3r en
ménad sedan besdkte en hall fér
videospel, dir ungdomar matade
mynt { sleautomaler f3r ndgra ml-
nuters frenetisk krigslek av typ
"sijuta ned (nvaderande rymd-
skepp". President Reagan uttslade
framfdr TV-kameroma att dessa
videospel gav fin trAning Infdr mor-
gondagens uppgifter { det hogtek-

narmar sig - pa
gott och ont...

OLOV GSTBERG, 44, gistforskar {or
nirvarande pd NIQOSH i Ohlo, mat-
svarigheten (il Arbetarskyddsstyrel-
sen | Sverige. Annars arbetar han med
arbetsmiljdirdgor gd TCO, speciellt 1
samband med datorisering. Han har
varit professor i teknlsk pyskologi
1975-80 p& Teknisks Hbgskolmn | Lu-
led, nrbetat pA Arbetarskyddsstyrelsen
och KF med arbetsmil{dfrigor. Frin
start dr han ingenjér med Inriktning pd
teoretisk fysik och &r dessutom ut-
bildad psykolog och ergonom.

nologiska samhéllet, men tlllade
forsiktigtvis att ungdomarna inte
fick gldmma att lisa sina lixor.
Mdnga av videospelen &r minst sagt
betAnksamma, eller vad sigs om
spelet dir det giller att sitta sigini
en pilots situation och precisions-
bomba markmdil. Detta spel &r en
kopis av den simulator ﬁygvape;}r!-
loterna trinas i. Ett annat spel galler
den frdn USAs inbdrdeskrig kinde
General Custor. Upggiﬂ.en bestir |
att fi den uniformsklidde genera-
len att springa ikapp, stinga in och
vildta en naken indianflicka. Vis-
serligen fir man gjalv fdrsdka fore-
stilla sig slutscenen, men spelet &r
End4 sA osmakligt att det forbjudits
{ ett par av USAs delstater.

Rostbehandling

Orwells forutsigelse o rdststyr-
ning av datorer &r sedan linge en
verklighet och det finns en livaktig
intresseorganisation vid namn
"Amerikanska Siliskapet dr in-
matning/utmatning av Rast”, Dato-
riserad rdstbehandling och réstut-
matning fungerar alldeles utmirkt
och en tankevickande tillimpning
&r att flera amerikanska lokala ra-

e

diostationer kunnat bortrationalise-
ra viderrapportdrerna. En vider-
central skickar per telex basuppgif-
ter till radiostationerna. Dar redige-
res meddelandena, lokalanpassas
och skrivs in till stationens dator.
Vid l&mpliga tillfallen trycker sedan
sindningsledaren p& en knapp och
liter en datorrdst prata fram det ma-
skinskrivna meddelandet.

Bara 300 ord

Rastinmatningen ir Uite mer pro-
blematisk. Datorn har sviirt att upp-
fatta ord uttalade av olika personer
och kan f6r en person bara klara av
cirka 150 ord. Alphonse Chapanis,
professor i psykologi vid John Hop-
kinsuniversijtetet har visat att sd
gou som samtliga industriarbeten |

ag kan utféras med hjalp av kom-
mandon om{fattande hdgst 300 ord.
Morgondagens  Industriarbetare!’
maskinoperatdr skulle sAledes kun-
na trinas att prata et datorsprik
bestdende av endest 300 ord. Men
vilka 300 ord? Uppénbarligen méste
naringslivet komma dverens om en
standard och dérfor arbetar USAs
standardiseringskommission med
att framstitla en sprik- och rést-
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standard {3r datorkommunikstion.
Orwells "nysprak"?

Industrirobotar

Rést- och spridkstandardisering
kan ses som en vidareutveckling av
rationaliseringsrdrelsens MTM-{ek-
nik, Det dr numera inte 54 ofta man
ser en rationaliseringsingenjér med
stoppur och skrivbrdda | faird med
att kartligga minsta handrérelse
och verktygsanvandning. Det var
val inte utan orsak han kunde f2
hdéra att han upptradde som "verk-
méstare for foretagets sekund-
forrdd™ och tycktes mena att "det
galler att ta vara pi varje sekund-
dygnel innehAller bara 86 400 se-
kunder”. MTM-tekniken har eme)-
Jertid Inte spelat ut sin roll utan har
snarare finslipats, datoriserats och
bbrjat illimpas inom nya rationali-
seringsomriden. Ett sAdant omride
giller industrirobotar och sedan elt
par Ar tlllbaka anvinds i USA ett
speclalgiort MTM.system fér ro-
botar (RTM) med vars hjlp produk-
Uansteknikerna kan programmera
robotar och dirmed operatdrerna
il maximal effektivilet.

Foérfinade metoder

Genom fdrfinade matmetoder har
det ocksa blivit majligt ait utfora
prestationsmaétningar  fér  stora
tjdAnstemannagrupper inom bland
annat kontorsyrkesomréadet. Sveri-
ges Rauvonaliseringsforbund atnju-
ter hir stor [nternationell respekt
far sitt ISA-system. Det &r mot den-
na bakgrund man ska se att SAF-
kongressen 1980 bifoll Verkstadsfg-
reningens motion,

"att SAF | arbete med fdrbun-
den skall vidta kraftfulla Atgar-
der for att 6ka insatsema for
systematiska ratlonaliserings-
Atgirder pA kontor samt fér
Okad tillAmpning av premlelon
pé kontor”.

Hur det kan g4 till i USA illustre-
ras 8v satsningen vid Harper-Grace
sjukhusen § Detroit som sysselsat-
ter 5 400 personer (lakare oraknade)
och har 1 400 biddplatser, Hir har
sjukhusledningen under de senaste

4ren anstilit Mlke Garrett och
4] andra rationaliseringsexpertier
for att effektivisera sjukhusdriften.

"Kvalitetscirilar”

Mike berdttar att basen for verk-
sarmheten arett system [8r Svervak-
uing av arbetsprestation och stt
man nu har preststionsdata som ar
minst lika exakta som for tradilo-
nellt arbete Inom verkstadsindu-
strin, Ett viktigt komplement till
prestationsdvervakningen &ar ett
speclelit system foruppfangning av
problem och spridning av rationali-
seringsavdelningens )3sningsfor-
slag. Detta gystem sigs utgéra ett
nitverk av “kvalitetseirklar”, men
med den viktiga Inskrankningen all
personalpolitlk, psykosoclal arbets-
miljd och andra medbestimmande-
frégor hir port{orbjudna. Det &r sile-
des enbart verksamhetseffektivitet
och Inte manskliga kvaliteter som
diskuteras.

Ingen fackforening

Ett utslag av sjukhusens rationa)i-
seringsarbete 5r férslaget atl andra
mat- och medicineringsrutinerns s4
ait detta arbete skulle kunna klaras
av mellan klockan 08.00 ach 18.00.
Arbetet skulle d4 kunna utféras
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men hemma bast?

utan skiftghng men med en arbets-
dsg p4 10 timmar. Till ratlonalise.
ringsavdelningens {3rirytélse har
emellertid 5 personalen en
facklig organisation, vilket inte &r
vanligt i USA, och denna tllls vidare
sattstopp {drrationallseringen. Per-
sonalen som svarar f8r gjukhusets
interna transporter, lokalvird och
13karsekreterarfunkt{oner har
emellertid Ingen fackfdrening, s
inom dessa omrdden har rationali-
seringsstrivandena inte métt nigot
organiterat motstind. Resultatet
har blivit att personal har sagts upp
och istillet har konsultfdretag kon-
trakterats {3r att utfdra arbetet efter
rationaliseringsavdelningens de-
taljinstruictioner.

Lopande band

Det utkontrakternde l3karsekre-
terarorbetet skots av speclalfdreta-
get ‘Detroit Medical Cooperatlv
Services, som med en personalstyr-
ka p& 50 personer ger dygnet-runt
service till 1 500 12kare fdrdelade pa
fem geparata sjukhus.

Patientjournater skrivs bokstav-
ligt lalat pa 18pande band och mot
prestationslén. Dikteringarna kom-
mer-&ver det reguljira telefonnétet
och likarna kan ringa frin sjukhu-
set, privatmottagningen eller bosta-
den. PA skrivcentralen finns ca 100
automatiska Jasettbandspelare
som automatiskt Spottar fram
miniatytkassetter efter varje avsiu-
tad diktamen. Utskrift’ garanteras
Inom tre timmar. Ordbehandlings-
operatdrerna har en relativt 1ig
grundién och fr bonus fér varje
extra skrivrad utdver minimikravet
1 050 rader per arbetsskift.

Ett tekniskt mer avancerat sy-
stem for likarsekreterare finns hos
Medilcal Records Corporation med
fillaler 3ver hela USA. PA sjukhus
som kdper utskriftstjinster finns
evighetsbandspelsre som lopande
tar emot dikteringama. Skriveen-
tralen har permanent telefonf3rbin-
delse med evighetshandspelarna
och betar successivt av dikteringar-
na varefter journalerns kommer
fram pd printers, strategiskt utpla.
cerade pd sjukhusavdelningarna,
Genom samarbete med Lanier BuM
siness Products har skrivcentralen
byggt upp eit system s4 att skriv.
centralen kan skicka ut telefondik-
teringar til] ledig utskriitskapecitet
over hela USA och t ex utnyta tig-
skillnader mellan 8st- och vistkus-
ten {dr att slippa betala skiftersatt-
ning till operatérerna. 1 den nu pi-
giende utbyggnaden har det blivit
majligt (8r skrlveentraler att | forsta
skedet 14ta duktiga operatdrer arbe-
ta hermma i samband med gravidite-
terosv.

Hemmafru-jobb

1 fullt utbyggt skick kan skriv-
centralen leborera med ett helt
nitverk av skrivarbetsvilliga hem-
mafruar. Lapiers Tony Prano {or-
klarar att principen bakom deita sy-
stem med telebemanning (telestaf-
fing, se itlustrationén) ar att et fore-
tag som behdver utskriftsarbete
kan anviinda det vanliga telefonna-
tet f3r slugsning av diktamen och
utskrifter ach slipper hlla sig mea
anst3lld personal och sparar in lo-
kalkosinader. De hemarbetande
kvinnorna har Inga arbetsresor och
sulrper ki3 upp sig samt kan paral-
lellt med arbetet skots hemmet och

barnen. For foretaget 4r det ocksd
psykologiskt viktigt att veta att man

bara betalar for utfdrt arbete och
sdledes "slipper betala I16n {6r den
tid anstillda berattar roliga histo-
rier {6r varandra”. Fdutom Medical
Records Corporation har Lanier ett
20-tal f3rsBksverksamheter i drift.

Snabb utveckling

De f&rsia signalerna om datorise-
rat hemarbate redovisades i TCO-
skriften PA Vinst och Férlust —rap-
port-om datorlsering 1 USA. En
uppfolining och systematisk ge.
nomging av pAglende farsdk finns |
Arbetslivscentrums skrift Langt
Borta och Nira — om distansarbete
pd Kontorsomridet. Men utveck-
lingen gr mycket fort och vad som
nu skulle behdvas 4r en ordentlig
beskrivning av den | USA mycket
vikilga nyordningen, att hgavléna-
de och hdgutblldade j&nstemin/
handliggare/tekniker p4 egen hand

.och med egna medel skaffa sig per-

sondatorer, hemdatorer och reseda-
torer for att utdka sin prestations-
t&rméga. Illustrationen med den
sovande hustrun och den idogt ar-
betande karridrmannen hérstam-
mar frAn Vincent Gluliano, som ir
framtldsstrateg pid det valdsoms-
pannande datorkonsultféretaget A
D Little. Han har analyserat ar-
betsvanorna hos karrifirarbetarna i
USA och kommit fram till ait de
utfér informationsarbete motsva-
gande 1 000 000 000 000 kronor per
r.

"Piratdatorer”

Arbetet utfors hos kunder, i tele-
fonhytter, pA restauranger, | hem-

Now Lanier lets top
word
work on your staff.

met osv. A D Little har tidigare ut-
f8rt omfattande projekt for att hjal-
pa storféretag 18gga upp strategier
{ar intern datorisering. Nu har man
#terinkallats f5r att hjdlpa til) att
redaupp situationen med att enskil-
da anstillda "piratdatoriserat”, vil-
ket ddrmed springt tidigare upp-
glorda planer.

Ett sitt att komma tlllr&tta med
anarkin och piratdatoriseringen re-
dovisas av Cullinet, som ir varl-
dens stdrsta fBretag (8r utveckling
av programvara. Cullinet har bdrjat
utveckla programvara som gdr det
mdjligt fdr féretagen fA ordning i
leden genom att knyta ihop alla per-
sondatorer i et nitverk. Samtidigt
far de enskilda-persondatoranvin-
darna mdjlighet att bdde kommuni-
cera med varandra och med forets-
gets centrala databanker. Detta
kommer att revolationera hela vérl-
dens datoranvindning och fAr sam-
tidigt vitfglende konsekvenser for
den lkvalificerade personalens ar-
betsmdnster.

Fréin Indien

John Cullinane, grundaren av
Cullinet, férebiddar att det nya ar-
betsmBnstiret pA ett radikalt sitt
ocksd kommer att slA igenom inom
det egna f8retaget. En aspekt av det
nya arbetssittet skulle kunna vara
att Cullinet kdper konsulttidnster
av sina nuvarande anstilida, som
sBledes skulle bli ensamfiaretagare.
En mer hissnande bild &r anvind-
ningen av systemare och programe-
rare fran andra delar av virlden. I
dag betalar Cullinet &rsidner pi
80 000 dollar f6r den mest kvalifice-
rade personalen, men har biivit er-
bjuden att frAn Indien fa tillgang t
et mycket stort antal personer med
minst lika hdga kvalifikationer men

ti)] en kastnad av endast 6 000 dollar
per br. Cullinet har tills vidare tac-
kat ne] men avser att omprdva be-
slutet nliir Indlen om nbgot &r f6rmo-
das ha gett upp sin protektionisti-
ska handelspolitik inom dataomr3-
det Aven svenska datorfSretag har
visat intresse fér ati anlita program-
merare { lAmpliga u-lander, som
tviriermnot virallmanna uppfattning
har god Ulighng tiil kevalificerad da-
tapersonal
Inom omridet artificlell inteili.
fm (A]) bdrjar det f&r dvrigt vaxa
ram én ny typ av pro erare
och gystemare, Al-omradet kinne-
tecknas av avancerad anvindning
av kraftfulla datorer. TNUAmpning-
arna handlar ofta om stt ersiite kova-
lificerade manskliga arbetsinsatser
med halvkvalificerad arbetskraft
uppbackad av experistdd frin dato-
rer. Lakarassistenter kan med hjalp
av Al-systemen gora kvalificerade
sjukdomsdiagnoser som annars en-
dast en speclalistiakare kan gara.
Geologassistenter kan med Al-stbd
i specifica situationer ersitta geolo-
pBisk expertis, programmeringsas-
sistenter kan med Al-stdd uifora
kvalificerad programmering, o s v.

Stjal kunskap

Datorforetaget Digital Equip-
ment har med stor framging bdrjat
anvinda Al-system inom sin egna
verksamhel. Gene Strenger pi Di-
gitals Al.sektion har en mycke! ak-
tiv och stindigt vixande stab av
specialutbildade programmerare
och systemare som utfér intemt
konsultarbete fér olika
produktionsavdelningar, Denna
nya personaltyp benimns "kun-
skapsingenjérer” (knowledge engi-
eers). Det dr ett vilfunnet befsti-
ningsnamn, ty kunskapsingenjdrer-
nas uppgifer ir att studern andra
experters arbetsmetoder och dver-
fora detta till ett datorsystemn. Kun-
skapsingenj6rernas verksamhet har
varit sA framgAngsrik att ledningen
for Digital Equipment chockats av
ett slarkt datoriseringsmotsting
frin de anstillda Kunskapsingen-
jorerna stjil deras yrkeskunskap
och bygger datoriserade expertsys-
tem.

"Kansloingenjorer”

Kanske skulle Sverige kunna ut-
veckla kompletteringssystem som
gor att de som blivit bestulna pi
meningsfull yrkeskunskap AndA
kan kinna sig nyttiga. Hur skulle
det g4 ti)? L3t oss konsultera Ingen-
jorsvetenskapsakademlens skrifi nr
221 om Teknik att satsa pd. Skrif-
ten Innehiller en rad f4rslag dver
hur svenskt kunnande skulie kunna
omséttas | exporterbara produkter
och system. Pa sidan 120 foreslis en
ordentlig satsning pA en ny lyﬁuav
ingenj&rskunnande. Inte pd n
skapsingenjérer men va) pd "kans-
loingenjérer” och pi teknik (emo-
tional engineering) som ger de an-
stiillda en kingla av atl bidraga till
foretagets produktionsresuitat &ven
under mycket linga periader av ren
syssloldshet.

Den som vill spekulera § en fort-
sattning pi livet efter 1984 behdver
tydligen inte gdra studieresor till
USA. Tankestaff finns uppenbark-
gen pA nirmare hill. Borta bra men
hemma bist?

OLOV OSTBERG
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ABSTRACT

This report is a description of office automation and some research that
has been performed to evaluate the new technology from a human factors or
ergonomics point of wview. Following an overview of the technological
development, a task taxonomy faor affice work 1is propogsed. There are four
major types of office interactions: Tranmsactions, Documents, Telephoning, and
Meetings. These interactions may be further divided into ten office tasks.
The types of interactions are discussed in terms of technological developments
and human factors/ergonomics problems. Several ergomomics problems are
mentioned: workplace dasign, human—-computer interaction, changes in job
gtructure, training of office workers, and resistance to innovation. In
addition, several problems relating to the design of human/machine interface
are discussged:

+ computer aided design and manufacturing,

* computer confereancing,

* data base systems,

* alectronic mail,

* electronic filing,

» graphic input devices,

s local area networks,

+ videoconferancing,

+ visuval display terminals,

*+ voice recognitioen,

+ voice store and forward.

Several suggestions for buman factors/ergonomics research are proposed.



AUTOMATED OFFICE

1. INTRODUCTION

A person observing an office today would see many of the sawe things that
happened 15 years ago. There are people reading, writing, handling mail,
talking to ove another face to face and on the telephone, typing, operating
calculators, dictating, and filing., But there 18 one major change; a
surprising number of people are now working with visual display terminals
(VDTs)., The operators are managers and clerks and by using VDTs, an
astonishing variety of tasks can be accomplished. The emergence of VDTs is
symbolic for the shift from traditional ways of doing office work based mainly
on paper to reliance on terminals thac are linked to a computer and to data
bases. Today there are about 10 million VDTs throughout the U.S. and the
number {a rapidly increasing. By 1990, between 40T and 50% of all American
workers will be making daily wuse of electronic terminal equipment. Some 38
million terminal-based workstations of various kinds will then be installed in
offices, factories, and schools., There may also be 34 million home terminals
and about 7 million portable terminals (Giulfano, 1982). By the year 2000,
there will be much more new technology for handling information. Much of this
technology cannot be foreseen but the predictions indicate that more powerful
machinery will be available at lower costs.

During the 19608 and early 1970s, most computers were mainframe machines
handled by a few specialisgts and used primarily for accounting funetions such
as billing, inventory, and payroll. Today, the manager, the knowledge worker,
and the clerk interact with coamputers, dealing with input, output, and memory
media, Replacing or complementing the mainframe computer are several compact
personal computers which may be integrated into a large information network
that serves different workplaces in the office. These networks, often refered
to as local area unetworks (LAN) will play a major role in the future office.
A local area network can distribute informatioa throughout the office. It can
integrate sgeveral fuoections such as word processing, aelactronic mail,
electronic filing, administrative support, telephone messaging, and so forth.
A thigh degree of techmological complexicy 1s thereby {ncroduced in the

workplace.



Table 1. Some Milestones in the Development of Office Automation

1968 Integrated circuits usaed in hardware

1970 Word processing introduced

1972 Electronic typewriters introduced

1974 VDT's commonly used for wordprocessing

1978 Intelligent fiberoptics printers

1980 Merging of wordprocessaing and
dataprocessing

Local area networks

1981 Xerox Star executive workstation introduced
1982 Personal cowmputers common
Systenq integration with voice, data,
and video
1983 16-bip portable, personal computer with

complete wordprocessing

Expected Technological Developments
Office automation 13 a continuing process and new applicatiomns and

technology are appearing on the market on a regular basis., Table 1 lists some
of the major advances 1in office automation during the last 13 years. A
summary of some of the more racent 1innovations that are believed to have an
impact on future office systems is prasented below.

1. Devalopment of integrated local area aetworks with the capability of
processing voice, video, and data in digital form. Most companties will have
several networks, lncluding telephone (PABX) centered techmology and computer
centered unetworks.

2. Use of lightweight portable workstatfons such as Grid Systems Compass
Computer, Teleram 3000, and Tandy Corporatioa Model 100,

3, Integration of personal computers and word processing, such as
Fortune Systems 32:16. This product combines a Wang word processor with a
16-bit processor and has networking capabilities, Thegse products support
color graphics, different local area networks, several operating systems, and
application packages such as computer alded design and manufacturing
(CAD/CAM).



4. Use of high-resolution display screens to accommodate CAD/CAM, full
page viewing and partitioning of the screen, such as presently used 4o the
Xerox Star and Apple Lisa systems.

5. Integration of low cost powerful color graphics, such as Intecolor
Corporation's Touch Sereean System. A 16 or 32 bit processor may be uged to
produce graphics and there are several optional output modes including color
8lides and color laser prints.

6. Low cost micrographics and optical disc storage systeums. One of the
leaders in the market {s Mnemos, which manufactures a mierographic-type image
storage with 6,000 iwages (pages) per plastic disc. There are already
products which may be gsold for less than $5,000. The personal computer market
is one of the prime targets for this ivnovation.

7. Use of voice recognition and voice store and forward systems. These
aystems will incorporate voice and typed messages, and may be accessed from
any telephone or local area network.

8. Development of videotaxt and teletext applications in major
nation-wide networks. Teleterminals that conmect the telephone to a TV screen
and visualize information from ramote data bases or other types of available
services, such as airline schedules have been developed by several
manufacturers.,

3. Use of teleconferencing to combine audio, video, and computer based
graphics and texts.

All of these tools are fairly easy to understand from a technological
point of view. Howaever, their future use by management and clerical workers
is g9till largely unknown. Much geems to depead on the 86 callad user
friendliness of the systems. In many people's minds, ugser friendliness will
decide which systems «ill sell and which won't. (A Darwinigtic approach to
the survival of the friandliest has been quoted as a sultable model for
describing the future struggle betwaen different gystems, Sullivan, 1983).
Onfortunately, there are yet several unknown factors, for example, Cthe
techuological offeringe and marketing strategies by IBM and ATST.

From a human factors point of view, several methodologies are available
for designing systems. In fact, wmany of the results obtained from human
factors research on human-computer interaction may be useful ia resolving the
questions regarding user-friendliness. Most experts outside the human factors
area are yet unaware of this information which #i{ll be referred to below.



Changes in the Workforce

Paralleling the advances in computer technology are changes {in the
composition of the work force. In the beginning of the century, blue collar
workers, service workers, and farm workers accounted for 83% of the work force

and white collar workers for 17%. Farmers, who by the turn of the ceatury
constituted more than 1/3 of che total labor force, now account for 3% of the
labor force. In fact, there are more people employed full time 1ia our
universities than in agriculture (Naisbitec, 1982). The real increase has been
in the faformation occupations. Io 1950, only about 177 worked in information
joba; now almost 60% work with information as programmers, teachers, clerks,
secretaries, accountants, stockbrokers, managers, insurance agants,
bureauerats, lawyers, bankers, and technicians.

Pigure 1 shows that following clerical workers, the second largest
claggification 13 professional and technical workers. This is in accordance
with the needs of the information society, in which knowledge 1s the crucial
ingredient. The demand for professional workers has increased substantially
since 1960, even more dramatically than for clerical workers.

WHITE-COLLAR WORKERS (MILLIONS)
8
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Figure l. Composition of white collar workers in the U.S.
(Source: Giuliano, 1982)



Birch (1981) pointed out that of the 19 million naw jobs created 1in the
United States during the 19703, only llZ were in the goods-producing sector as
a whole. Almoet 90%, or 17 million naw jobs, wera not in the goods=producing
sector. Birch concluded that: “we are working ourselves out of the
manufacturing business and into the thinking business”. Naisbitt (1982)
observed that the restructuring of the U.8. from an {induscrial to an
information society will easily be as profound ag the shift from the
agricultural 9dociety to the industrial society. But there 1is ome importaat
difference, While the shift from agriculture to an industrial society took
one hundred years, the restructuring from an f{ndustrial cto an information
society will take only two decades,

Changes are occurring so rapidly that there i3 no time to react; instead
we must anticipate the future, This report 1s a description of the present
and the future of office automation and the regsearch that has been performed
to evaluate the new technology from an ergonomics or human factors point of

view.



2. OFFICE PRODUCTIVITY

Office automation would probably not be considered wére it not for the-
gains in oproductivity that might be achieved. Traditionally, the average
capital investment per office employee has been fairly low compared to the
industrial working eavironment. According to Zisman (1979), the average
capital investment per office employee will increase from $2000 in 1979 co
§10,000 by 1985. The total market for office systems techgpology could thereby
reach $100 billion by the late 1980s. Presently, commnication costs are
declining at 11% per year, computer logic costs by 25%, and computer memory
costs by 40% per year (Gupta, 1982). Expressed as percentages, these anumbers
may not be particularly impressive, but 1if the decreases ars accumulated over
geveral years, the change 18 astounding; 1if the development of the automotive
industry were to parallel the advances in the computer industry during the
last 25 years, a Rolls Royce would cost 50¢4 and deliver 15 million miles to
the gallon (Madnick, 1982).

It 1is generally believed that these advances, once fully applied to
restructuring office work, will reduce costs significaamtly. (The prasent
costs are ladead quite high; for example, the average cost to send a business
letter exceeds $7). Booz, Allen, and Hamilton (1980) concluded that managers
and other professionals can achieve productivity gains of an "opportunicy
value” of over $100 billion by 1985 {f they make full use of automated office
tools., Furthermore, they stated that 15% of a professional's time can be
saved through offlce automatioa. The total 1979 office costs in the U.S. were
$800 billion with only 27% ($215 billion) spent on clerical work, while 732
($585 billion) was spent on managers and professionals and their activities.
A 157 savings for professionals and managers is, therefore, worth more than a
40% savings in clerical functions. Accordingly, the future interest in office
automation may concentrate more on managemeant (Avedon, 1983), see Figure 2.
Likewise, the pay-off for installing a word processing system to aild
secretarial work might be fairly marginal, since the average secretary usually
absorbs less than 10Z of the office salary paymeants and spends only about 20%
of the time typing (Billadeau, 1982); it may seem lrounic that word-processing
has been the major application of office autcmation.

Presently, there are great difficulties in assessing the impact of office
automation on productivity; there simply has not been enough research. There

are gseveral very basic 1ssues, for example:
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Figure 2., Future innovations in the office might concentrate on aiding

management and executives. (Source: New Yorker, 14 Feb. 1983)

» What 1is office productivity?

« How does office productivity differ from factory productivity?

« Can office productivity be measured?

» What are the main benmefits that wmay be expected from office

automation?

Measures of productivity have tradiciocnally £focused on manufacturing
{Kettinger, 1983). In this , productivity is generally defined as the ratio
of 4inputs to outputs over time. Tor oififice work, there are questions
regarding how to quantity both the input and the output. Typically, input

measures have included only portious of labor costs and disregarded additienal



costs, such as facilities, equipment, training and orientation of staff,
planning, and so forth (Kettinger, 1983). Similarly, in order to quantify the
outputs of the office, a wide variety of products and services must first be
recognized. Some of these products are straight-forward and easy to measure,
for example, an invoice, a payroll, and a list of accounts. Management rtasks,
however, are difficult to defime. More than half of a manager's time 13 spent
communicating on the telephone or face-to-face. Although the time necessary
for such communication 13 easy to measure, it 18 more difficult to quancify
the social benefit of suech communications.

Perhaps when new tools for office automation become more firmly
egtablished, it will be easier to quantify output. These new tools may
restructure existing tasks waking a couwparison difffcult. But since most of
the information (voice, video, and data) in the automated office wi{ll be
stored and transferred in terms of digital bits, 1t might be possible to
develop productivity measures based on number of bits (Kitahara, 1982).

Lacking adequate measures of productivity, there are still several tasks
that can be improved. Bair (1979) identified five types of measures that may
result i{n cost reductions:

1. Media cransformation reduction. Decrease the number of times
information 13 transformed between media (e.g., from speaking to
writing to keying). For exampla, ar insurance sales agent might
input customer information in the field using a 1lightweight portable
terminal which later can be attached to a telephone to traasfer
information to the home office. Time consuming (and boring) data
input work at the home office may thereby be reduced.

2. Reduction of "echoing functioms”. Decrease unproductive activities
such as misdialed telephone numbers, busy signals, parties out of
office, travelling co and from meetings, or waiting for lace
arrivals.

3. Improved timing., Labor savings can result from reducing turn arouad
time and establishing more control over the scheduling of
activities.

4, Computer control. Computers may be used to supervise employees.
Thus, che span of control cam be increased and the number of

supervisors and levels of management decreased.



5. Automation. Replacement of manual processes by machine processas,
thugs eliminating much of the required labor; for example, replacing
bank tellers with automatic teller machines.

Each of these proposed methods for iacreasing productivity has profound
gocial and human factors implications. Depending vpon the design of the new
tasks, chere might be positive or negative outcomes from both an ergonomics
and a job satisfaction point of view., These isgues need to be addressed in
ragaarch in order to come up wich uger models to guide the systems desigrer in
developing jobs and tasks. Such models, which incorporate both human factors
and technological 1ssues are commonly used by the U.S. Departmeat of Defense
to evaluate complex waapon systems (Meister, 1971; Williams, 1982). Research
is needad to develop systems models for civilian use, With chese models, it
will be possible to address a variety of issues, such as productivity and job
gatisfaction, at an early stage before the systam has bdeen procured and
installed. The systems approach to design i3 explained in movre detail ia the
next gsectioun.



3. SYSTEMS DESIGN OF THE AUTOMATED OFFICE

A systems approach involves a process of planning ahead o anticipate
problems. Traditionally, the systems approach to planning has been used by
military organizations. Prior to the introduction of systems planning models,
equipment was designed and built and oaly then was consideration given to the
tasks, skills, job satisfaction, potential arrors, and training of operators.
With increasing complexity of civilian as well as military systems, this 1s no
longer feasible (Kidd and Van Cott, 1972; Bailey, 1982; BHarris, 1982).

In most cases, the design of a system should be the result of teamwork.
The Ergonomist or Human Factors Engineer may function in an advisory capacity
or respoud to speclific requests for 1Information which influanca design
decigions. For example, the ergoucmist might provide advice for determining
which tasks should be allocated to various employees and which should ba
allocated to computers and automated devices, how maintenance should be
organized, and how procedures for training and selection of operators should
be established.

For the planning and purchagse of novel office aquipmaent, five major steps
may be suggested: Systems Definition, Task Analysis, Documentation and
Discussion, Equipment Selection, and Implementation and Evaluation, see Figure
3, We would 1like to emphasize that the suggested methodology 1is merely an
example; further research 13 necesgsary ¢to refine the systems design

mechodology.

Systems Definition
Systams objectives should be clearly ideatified before the design of the

system begins, Systams objectives are usually stated in general terms in
order not to be affected by changes in technological design or in performance
requirements. Examples of gystems objectives are: davelopment of a computer
integrated manufacturing process for a specific product, implementation of a
database management 3System, or introduction of a local area network.

After the objectives have been 1dentified, it 1s necessary to develop a
set of performance specifications which usually include both performance
requirements and constraints. The requirements help to identify the purpose
of the system. The constraints, on the octher hand, are limits within which
the system must be developed, for example: implement a local area network
that ties together the offices in Washingtom, D.C. and Houston; furthermore,
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it should provide terminals for X individuals and produce Y bits of
information per day.

Syatems
Definition

Task Analysis

|

Documentation

and
Discussion

Equipment
Selection

Implementation
and
Evaluation

Figure 3. Example of systems approach to the design

of an automated office.

It should be noted that many designers first develop a system and then
proceed to identify objectives and performance specifications. Tais approach
creates two problems; the first and most obvious is that systems objectives
ara defined to fit a preconceived design; the second is that a premature
design discourages the development of design alternatives; it 1s usually best
to develop sgeveral alternative designs before selecting the final
alternative,

Generally a designer mst consider several alternative systems in order
to identify the one with the highest potential for Jjob satisfaction and
productivity. Congider, for example, that one design altermacive may require
only clerical persounel, a second may require ouly management parsounal, and a
third may require both cleriecal and management personnel. A designer must
then consider the availability of the different groups of people, the
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available training resources, the general types of work to be done, and so
forth, before making an informed decision on the alternative that will most
likely lead to the best gystem performance. An analysis of users' needs is
also important go that the new gystem can be designed to support all users as
fully as possible.

The value or worth of a systam is normally judged by several criteria
which are not necessary compatible. In the case of automobiles, for example,
speed and economy of operation are, 1n general, 1incompatible. Fast, high
performance cars are usually more costly to operate than those that have less
power (Chapanis, 1971). Criteria also vary greatly from system to system and
soma are specific to particular systems. Some of the criteria that might be
used to evaluate a telephone communication system are: the naturalness of
the traunsmitted voice signals and freedom from cross—talk. Military systems
are fraquently evaluated by a ecriterion of %¥ill probability, and so ou.
Although gystems criteria are not upecessarily obvious and easy to agree on,
anyone who deaigns, builds, or buys a system does so according to certain
criteria, either explicit or dimplicit, The criceria {n Table 2 are self
explanatory. Other things being equal, the better of two systems is one that
(a) has a longer anticipated life, (b) has a more pleasing appearance, (c) is
mora comfortable, (d) is more coavenient, (e) is easier to operate or use, (f)
is more familiar, that is, more similar to existing systems, (g) 18 cheaper to
buy, (h) produces job satisfaction, (1) 18 quicker to repair, (j) requires
fewar opaerations, (k) is cheaper to operate, (1) produces more uaits, (m)

breaks down less often, (n) is safer, and (o) requires less training.

Tagk Apnalysis
The tasks in an office are usually not particularly well understood.
Unless an effort is made to thoroughly understand the details of each job, any

automation efforts are 1likely to be misdirected. Several methods are
available for performing a task analysis, including: questionnaires,
checkligts, diaries of daily events, motion pictures, participation in che
work, observations , observational interviews, and individual 1interviews.
Each of cthese methods has specific advautages and disadvantages and 1its
guitabilicy depends upon the task and the work situation.

Information on tasks is extremely important in order to plan an office
automation system. For example, most people have only a vague appreciation of
what an executive does. According to a study by AT&T (Kaopf, 1982) che
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average executive spends 32% of his time in informal meetings, 16Z speaking on
the phone, 15% in formal meetings, 14X writing, 112 reading mail, 6% business

Table 2. Criteria for Evaluation of System
(Adapted from Chapanis, 1971)

Anticipated Life of the System
Appearance

Comfort

Couvenieuce

Easa of Operation or Use
Familiarity

Initial Costs

Job Satiasfaction
Maintainability
Manpower Requirements
Operating Costs
Productivicy
Reliability

Safety

Training Requirements

travel, and 3% thinking. Such information helps conceptualize how the work
might be restructured and what kind of automated office devices should be
useful. (The results may also suggest that Knopf's rasults are not totally
accurate. Three percent for thinking seems like an underestimation.)

Information from the task analysis may be used to allocate office
functions or tasks between differeant job classifications and office automation
devices. At this stage, it is appropriate to assess the economic impact of
automation by calculating cost/benefit ratios for each combination of tasks
and automation devices.

Documentation and Discussion

Tasks and procedures which are Selected for automation should be

documented and comparisons made between the existing systam znd the proposed
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automated wmethod of operation. This documentation should also include
hardware and software specifications of the system. Such specifications must
consider user needs identified in the task analysis.

Equipment Selection
After approval has been obtained, vendors are invited to bid. In order
to evaluate proposals, criteria such as the onaes shown 1in Table 2 must be

evaluated. Weights can be assigned to the different criteria and a composite
evaluation critarion, C, can be calculated:

C = 41X] + 42X +...+ AnXy.

Alternative pileces of equipment and the systems can then be evaluated with
respect Lo a composite criteria.

Users of the system should be encouraged to provide comments and feedback
at all design phases. This 1is helpful both for creating a working asystem and
for developing a positive attictude ctowards the system after it {s
{implemented.

Implementation and Evaluation
In the final step, the 9ystem is installed in the office envirooment.

Simultaneously, users must be trained. This is important for productivity
improvements and for user acceptance.

At this stage, the equipment should be field tested using the evaluation
criteria established abova, In addition, it will probably be necessary to
test the basic operation of the system, including compatibility of hardware
and software and physical requirements, such as utilization of space.
Criteria for evaluating human performance are leass gtraighcforward. For
axample, it is difficult to measure motivation of users, registance to
innovation, and job skillg. These factors uneed to be assessed by an

expert - ideally, a human factors specialist.
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4., OFFICE TASKS

Most of us have an appreciation of what office work 1a, for example,
producing documents, talking on the telphone, participating in wmeetings, and
so forth. But when it comes to decalls, guch as flow of informatiom, people
generally have only a vague 1dea. For example, how is information flow in a
bank different from an insurance company or a credit card compaay? This
section will discuss office tasks and some recent research studies that have
addreased the {ssue of establishing a task taxonomy for office work.

Task analysis 1is an important tool for analyezing the functions of an
office., Only when there i3 complete understanding of the different tasks can
office automation be implemented to serve a useful purpose. Unfortunately,
automation gystems are sometimes implemenced without analyzing existing tasks
and needs. For axample, obtaining a system that can easily produce pie charts
and bar diagrams might encourage 1individuals to use these functions
excessively without much thought to their need.

It 13, therefore, important to develop a task taxonomy that can be used
to describe office work. This taxonomy should be as general as possible so
that it can be applied to differeut kinds of office activiciaes. It is a great
advantage if the task taxonomy can describe both human and machine functions.
It will then be easier to make tradeoff decisions with respect to the use of
human or automated work. Only recently has there been research in this area;
some of the studies are summarized below.

Conrath, Irving, Thachenkary, and Zanetti (1982) compared four different
data collection instruments for describing office activities:

1. Questionpaire,

2, Task record,

3. Diary,

4. TIaterview,

The results {ndicated that the questiounnaire presented few administrative
problems although it provided little detailed information about the work. The
task record was difficult to use. One of the problems was that many white
collar workers found it difficult to describe their jobs in terms of the task
taxonomy that was offared by the researchers. The communications diary posed
fewer problems, alchough 1t was difficult to keep continuous track of oral
coumunicatioas, Typically, cthe diary included only about 60% of all

15



communications. Finally, interviews were generally most useful for
complementing other information.

In a follow—on study, Thachenkary and Conrath (1982) presanted a taxonomy
of ctasks for management and non-management personnel in two companies, gee
Table 3. Not gurprisingly, there were major differences in job assignments.
For example, non-management personnel handlad most of the bookkeeping and
accounting, and all of che typing. Management handled wost of the human
relations, planning, and selling functions. There were also differences in the
percentage of time spent at each task for the two companies invescigated.

Pargons (1983) presented an alternative coaceptual framework of the main
functions 4{in an office. Bis model, (DIT)3, ia presented in Table 4. The
taxonony bears resemblence to that proposed by Thachenkary and Conmrath (1982),
yet there are great differences between the two methodologies for classifying
tasks.

Regearch performed in Japan by Komatsubara and Yokomizo (1982) classified
the dental tasks in office work into six categories:

1., Perceptual discrimination tasks, for example, use of visfon for

sorting objects or quality control.

2, Tasks 4involving the use of short term memory, for example, mental

arithmetic.

3. Tasks involving simple judgment and decisions, for example, checking

ledger entries against vouchers,

4. Tasks involving logical thinking, for example, solving msthematical

problems.

5. Tasks involving imaginative thinking, for example, composing poetry.

6. Tasks involving delicate and cowplex movements, for example, assembly

of amall and complicated machine parts.

Using a factor analysis approach, they found that tasks {avolving imaginative
thinking were assoclated with “job satisfaction”, logical thinking with
"value”, simple judgments with "a feeling of having time to spare”, and tasks
involving short term memory and perceptual discrimination with "difficulcy”.
From this study, one may conclude that while some mental tasks are highly
satisfying, others are boring amd dissacisfying, notably those involving short
term memory and perceptual discrimination.

A comprehensive study of office tasks was recently performed by AT&T
(Knopf, 1982). Eleven companies across differeat induscries at 40
locations were investigated. In tocal, about 1,200 white collar workers were
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Table 3. Taxonomy of Office Tasks and Time Distribution for Management and Non-Management
(Source: Thachenkary and Counrath, 1982)
Percent of Time
Task Code Keyword Task descriptors Hanagement Non-Management
A Advising, Counselling, Assisting, Recommending, 12.9 5.3
Problem Solving, Instructing, Actiag as lialson
{two-way flow)
B Bookkeeping, Accounting, Calculating, Inven- 2,0 48.1
torying, Invoicing (number crunching at clerical
level)
D Deciding, Authorizing, Approving (action oriented) 12.8 2.5
E Evaluating, Andicing, Countrolling, Coordinating 17.7 11.6
{non-people oriented comparison against atandards)
F Completing Forms, Filing, Recording, Logging - 7.7
(algorithm oriented)
G General Administration, Paperwork (managerial level) 3.1 -
H Human Relating, Supervising, Appralsing Performance, 21.1 7.3
Staffing, Motivating (people oriented)
I Informing, Reporting (one-way flow) 4.4 4,2
M Interactive Formal Meetings 3.0 =
0 Orders, Requests, Invoices, Bills - 3.0
P Planning, Budgeting, Analyzing (future oriented) 16.2 2.5
Q Arranging/Scheduling of Meetings, Appointmeats - 7.3
(secretarlial level)
5 Selling, Convincing, Persuading, Adverktising 8.2 1.7
. {change oriented)
T Typing, Transcribing, Copying, Writiang (going from - 4.5
one medium to another)
Total 101.4 102.7




Table 4. Functional Framework of Office Processes: The (DI‘I‘)3 Model
(Source: Parsons, 1983)

Decigion-making: Analyzing, diagnosing, interpreting, problem=-solving,
planning.

Inforuming: Accessing, solving, acquiring, inquiring about and
generating information; scheduling and reminding.

Transacting: Negotiating, coatracting, buying, selling, paying,
ordering, reserving, billing.

Documenting: Recording, compiling, reporting, creating.

Inventorying: Storing/filing, retrieving, indexing, updating.

Transforming: Changing media, changing content or format within

medium, copying, editing, manipulating, verifying,
developing forms.

Drafting: Designing, image-making, graphics—using.

Interacting: Dealing with other people, interfacing with devices.

Transmitting: Communicating (internal, exterual) im all media.
interviewed or responded to questionnaires. In additiom, their work

activities were observed for one day each. Some results of the satudy are
summarized in Table 5.

The tasks were then divided into three major activitiea: face to face,
document, and telephone, see Table 6, There were significant differences
between the differant tasks, Executives and managers spend most of their cime
in face to face 4interaction with other employses, whereas knowledge workers
and gecretaries spead most of their time with documents. Executives,
knowledge workers, and secretaries used the telephone for about 202 of the
time. Managers used the telephone to a lessar exteat = only 9%2. The results
of this study may have some important implications for office automation. For
example, it may be possible to substitute much of the face to face interaction
with cteleconferencing, electronic mail, and wvoice store and forward.
Similarily, the amount of time spent on the telephone may be significantly
teduced by using automatic dialing and voice store and forward. The
information in Tables S5 and 6 may also be used as a basis for analyzing
cost-benefit implications. Several questions may be pertinent, for example:

“How much may an electronic msil system cost if it reduces the time for formal
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Table S.

Task Time Discribution for Executives and Secretaries
(Source: Kaopf, 1982)

Tasks Executives Sacraetaries
Typing - 367
Informal Meetings 32% -
Speaking on Fhone L6% 20%
Formal Meetings 15% -
Reading Mail 11X -
Business Travel 6% -
Writing 142 9%
Copying - 82
Tabulating - 52
Record Keeping - 5%
Filing - 42
Research - 7
Taking Dictation - 22
Thinking k} 4 -
Production 22 -
Other b4 9%

1002 1002
Table 6, Major Activities in Some Office Tasks (Source: FRKnopf, 1982)

Knowledge
Activity Executive Manager Worker Secretary
Face to Face 53% 472 232 Negl.
Document 27% 29% 42% 55%
Telephone 16% 9% 17% 20%
Other 4% 15% 18% 252
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meetings by 10Z? But several issues need to be addressed in research. For
example, 1f these 1innovations replace present tasks, will other tasks be
created? What ara the consequences for the effectiveness of interpersonal
communications and job satisfaction?

Taxonomy of Office Tasks

Inspired by the research summarized above, a taxonomy of office tasks may
be suggested. The objective is to create a parsimonious, conceptual framework
which can be used to classify different ¢types of tasks as well as
human-machine interactions, see Figures 4 and 5.

The cypes of office interaction noted in Figure 4 represent a broad
clagsification, Thege are activities that a cursory observer of an office
would note, and according to the AT&T study (Knopf, 1982), they describe most
tasks. The types of office interactions are ordered vertically so chat
clerical tasks correspoad to the items on top of the list and management tasks
to the items on the bottom of the 1list.

Five human characteristics are noted in the figure: perception, short
term memory, long term memory, cognitioan and social skills. Again, the items
on the ¢top and the bottom of the list correspond to clerical and management
tasks respectively.

There are 10 different office tasks. This taxonomy 1is mainly an
expansion and explanation of the types of interactlions noted previously io
Table 6., The vertical transition between tasks roughly corresponds to
clerical and management tasks. The feedback loop should also be noted: the
completion of office tasks creates unew office tasks. To 1llustrate the
taxonomy, a typical clerical office interaction is making transactions usiag a
VDT screen. This requires use of perception and short term memory. It is
accomplished by “inputting” or "tramsacting”. On the other hand, a typical
management or executive task 1s negotiating. This typically involves the use
of social skills, cognitioun, and long-term memory in face-to-—face interaction.
Incidentally, the latter task, due to the involvement of cogultion and social
skills is far more satisfying according to Komatsubara and Yokomizo, (1982).

There are differences between the types of automation that can be used
for management and clerical tasks, see Figure 5. Automation for clerical
tasks is more hardware oriented, and for managemeat, it 1is more software
oriented. The emphasis in computer technology has historically been on
hardware development. This is the reason office automation started with the
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Figure 4, Taxonomles of types of office interaction, human characteristics and office tasks.
Note the vertical correspondance between the three boxes golng from clerical types
of task on the top to management types of tasks at the bottom.
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implementation of word processors, Software i3, however, increasingly being
used for computer aiding of tasks with primarily cognitive compoments, such as
CAE and CAD for engineering and design, The next development might be CAS
(Computer Aided Supervising) and CAN (Computer Aided Negotiating). Are we
ready for the electronic boss?

Much of the remainder of this report is structured to correspond to
Figure 4. The major types of office 1interactions will be addressad:
Transactions, Documents, Telephoning, and Meeting and Couferring. Under each
of these headings, 8some technological innovations of particular interest for
buman factors engineering will be discussed. Examples are voice recognition,
computer alded design, telecouferencing, and voice store and forward. First,
local area networks and data base systems are described. These provide the

systems context for future office automation.
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5. COMMUNICATION NETWORKS

Communication networks supply the systems context for the organization of
office automation. Several new types of communication technologies are
presently available: local area networks, high-speed celephone lines, and
satellite communications. They offer the following improved capabilities
(United States Congress, 1982):

* The cost of communications, particularly for high-speed long-distance

data tranamission, will continue to drop.

¢ Users will have a variety of communication services available to serve

differeat aeeds.

* Local area networks will interlink computers, telephones, and

terminals,

» Larger volumes of data can be carried over the lines.

* An international data communications network will allow astablishment

of high-speed communication between virtually any points on the globe.

Topologies of Local Area Networks
There are pregently three common topologies of local area networks: the

star, the ring, and the tree. In the star natwork, several terminals are
connected to a central controlling device, gsee Figure 6. This configuration
is mostly used with malnframes and PABX systems. It 18 particularly
appropriate when a host must transfer data to individual workstations; it {s,
however, not very economical as a data link between different workstations.
The system i3 easily expanded by attaching new workstations and it is easy to
access external communication systems. The central computing power can be
used to control data and software and maintain a high degree of security.
However, as with other computer based systems, ¢this system is vulnerable to
malfunctions.

In the ring configuration, also called a loop or a daisy chain, all
workstativns are arranged in a circular network. Individual workstations are
attached to the circle through a repeater mechanism that monitors all passing
messages to check 1f any 1s addressed to the particular workstation. One
station can be assigned as the master controller. This system, which has
gained more acceptance in Europe than in the United States, has the advantage

of greater reliability chan che star network. There are, however, several
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Star Configuration

Ring Configuracion

Tree Configuration

Figure 6. Three different confipgurations of local area networks.
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disadvantages, such as the difficulty in expanding the network and integrating
video, voice, and data, and the lack of security.

The tree, or bus network, is becoming the most cowmon topology in the
u.s. With this gsystem, stations are attached by cable taps to a fiber optics
or a coaxial cable, see Figure 7. The bus topology can easily be expanded and
modified and is suited for a combination of video, voice, and data. It does
not require a centralized controller and it can handle short messages more
aconomically than the other arrangements. The security of the system largely

depends upon the security of the individual workstations.

Transnission of Information

Most networks currently in use transmit messages using either a twisted
pair of wires, a coaxial cable, or a fiber optics system cable. A twisted
pair of copper wiras 1is the simplest form of connection. It 18 easy to
install and inexpensive. It can typically provide communications at 1 Mbps
over a distance of about 1 kilometar. The main disadvantage with this system
is that signals lose strength as they travel through the line. The twisted
pair wiring 1s also susceptible to noise from the environment.

Coaxial cable has higher capacity (band width). It can easily carry 10
Mbps, including digitized data, several channels of video, plus several volce
conversations simultaneously. The shield on a coaxial cable gives it good
resistance to the intrusioa of  noise, particularly electromagnetic
interference. The popular use of coaxlal cables by cable television networks
makes it easy to install and maintain a cable.

The use of fiber-optics cables has several advantages over twisted pair
and coaxial cables, including potentially lower costs, no radio interference,
and high security. This technique is presently being introduced by telephone
companies. A half-inch thick glass fiber cable can carry 46,000 simultaneous
conversations, the same number as a 4 inch copper coaxlal cable. The signals
from the telephone are coanverted into a laser 1light pulse using a digital
encoder, a driver, and a laser. The light pulse 1s then transmitted through
the fiberglass cable. Although cables are expensive, they are economical for
PABXs, because of thelr greater channel multiplexing capability.

Methods for Transporting Information on the Network
The functioning of the different networks cam be  illustrated by

describing the various techniques available for transmitting informatiomn. For
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A tree or bus topology can be used to attach several offices.

Figure 7,
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star and ring topologiles, it is common to use master control methods. The two
most common @master countrols are polling and rveservation. The polling
technique provides access to the network by scanning workscations in the ring.
When an individual workstation needs network access, the coatroller stops and
establishes the contact. The principle for reservation works like the word
suggests. Time slots for transmission are allocated to the different
workstatiouns which may or may not use the transmissioa time.

In 2 bus or tree network, there 18 a common access method known as
contention, or “waiting for the bus” (Derfler and Stallings, 1983). Most
networks use a contention scheme called "carrier sence multiple access with
collision detection” (CSMA/CD). With this system, traffic already imn the
channel has priority and if one station 13 transmitting, all other statioas
must wait. The stations on the network can determine 1if the channel is busy
by listening to the radio frequency signal transmitted by another station
(carrier sensef. If the channel is clear, a station may transmit a message,
If there i1s a collision with a message from another station, both statiomns
must wichdraw their messages and wait for a random time period bdefore
resubmitting., This is the collision detection part of the system. CSMA/CD is
an efficient technique; however, mnetworks just wuaing Just CSMA without
collision detection usually find that this system works almost as wall.

Another scheme for passing information i3 referred to as “catching the
cing”. In this case, a signal Is passed around the ring network. There are
two types of signals, “slotted ring” and "token passing”. In the glotted
ring, a frame is passed from station to station. If the frame 18 empty, an
individual scation may f£ill the frame with information and pass it om to the
next station. If the frame is full, the individual station has to wait until
an empty frame is available. In this system, all stations read all frames,
and the receiving station removes the information from the frame. Becauge of
the time required for frawe reading and information processing, slotted ring
syatems are fairly slow.

Token pagsing is a more efficient method; it is especially suited for bus
networks. A short message (a token) is circulated arocund the network
indicating that the channel is free. When a station wants to transmit, it may
grab the token, aud change the token message to read "here comes a message”
(Derfler and Stallings, 1983).

These types of networks that use timesharing techniques are referred to

as base band networks. Higher capacity networks - broadband networks - do not
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have to timeshare, they can transmit and receive simultaneously. Traffic is
separated by using different frequeuncies rather than time. Broadband networks
require the use of a fiber optics or a coaxial cable system and may carry a
radio frequency spectrum of 450 Magahertz (MHz), Typtcally, this frequency
range is divided up into several bands, much like a cable ctelevision system.
Table 7 shows the frequency divisions used on the WangNet Local Network,

Tablae 7. Prequency Allocations for the WangNet local Network

Frequency Range

MHz Use

10-22 Dedicated channels

22-48 Not used

48-82 Switched channels
82-174 Not used

174-216 Video channels

216-217 Not used

217-251 Data channel (Wang Band)
251-350 Not used
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6. DATA BASE SYSTEMS AND THEIR MANAGEMENT

A data base 1s the common term for an information bank. The most coumon
types of data bases are summarized in Table 8. 1In additiom to the data bases
listed, there are other aggregations of data used in an office, for example,
personal work files, electronic calendars, and so onu.

According to Table 8, there are 6 different kinds of data bases which are
either external or internal. External services may be accessed over che
telephone network, whereas internal data bases are those existing within an
office or a company. Information services are typically external and include
stock exchange informacion, news services, and airline schedules and are made
accessible by services such as Dow Jones News/Retrieval Service, the WNew York
Times Information Service, and The Source. Most of these services also offer
electronic mail, and data storage. The bast known informatioa bank is the
Dialog Literature Search Service with approximately 150 data bases with 40
million scientic references.

One of the first professional data base systems was ARPANET, operated by
the U.S. Departmeut of Defense. Originally, this network was established for
computer to computer communication for resource sharing but the dominant use
has been electronic mail., SUMEX-AIM (Stanford University Medical Experimental
Computer-Artificial Intelligence in Medicine) 4is used by a group of medical
scientigts around the country who are concerned with sophisticated computer
applications to medicine (Newell aand Sproull, 1982). Professional data bases
may also be stored internally within & company; an example is computer aided
design (CAD). A CAD system may be used by engineers to produce drawings and
for englneering analyses of stability and strength. Archive storage coatains
information of less relevance to the immediate work and may be stored on media
such as magnetic tape, video disks, or micrographiecs.

Perhaps what most people understand about data bases 1s transactional,
such as used by banks and insurance companies. A data base used by a bank may
gsort information on transactions in several ways. Typically it contains four
files of information with transactions sorted according to different accounts,
teller stations, branches, and activiries (Abbott, 1983).
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Table 8. Types of Data Bases Accessible in an Office

Type Location Example

Informacion service External Dow Jones

The Source

Videotex
Information banks External Dialog Literature Search
Professional databases External ARPANET
COGNET
Professional databases Internal CAD/CAM
Archive sgtorage Ianternal Magnetic Tapes
Video Disk
Micrographics
Transacticnal database Incernal Banking
Inventory

Management of Data Bages

There are two wmaln issues that relate to the management of data base
systems: the design of software and the strategic use of information in an
organization.

Typically, what most people assoclate with a data base management system
is the software that is used to manipulate the data. There are several data
base management systems (DBMS) available for structuring the format of a data
base and for accessing critical information. A DBMS offers several services,
including:

1. Arrangemeat of the data on the screea 80 that it is easy to use,

This deseription usually differs significantly from the way data gre
gstored in the computer.

2. Data language that allows the user to retrieve, update, insert, and

delete data from the data base,
There are several general application DBMS programs for personal computers:
Selector V, dBASE II, FMS-80, Condor III, aand QSORT. All of these programs

are available for approximately $§500 for use with 8-bit or 16-bit
microprocessors (Abbott, 1983).

Decision support systems (DSS) for management comntrol and strategic
planning are gaining {n popularity (Gupta, 1982). Some of these systems rely
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on artificial intelligence and adaptive programming techniques. Examples are:
Interactive Financial Planning System developed by Execum, IRIS at RCA
Corporation, MYCIN at Stanford University, DAISY at Walton School, and
BRANDAID at MIT. Many of these DSS programs were originally designed for use
on painframes, but there are now versions available for operation on
uini-computars. For example, the program offered by Execum runs on virtually
any gystem. It can be used for financial planning, model building, wmodel
analysis, sensitivity analysis, gocal sgeeking, risk analysis, customized
reporting, graph plotting, simulation, and forecasting. It is clear that as
office computer usage increases, there will be software for every conceivable
application ranging from information retrieval to budgeting, and from
marketing to engineering.

With the availability of wmltiple data bases and an overflow of
information, guidelines for the strategic use of information are necessary.
Flanagan (1983) suggested the following basic guidelines:

1. Analyze the needs for information within the organization.

2. ldentify reliable and up~to—date data sources.

3. Deal with as few external data bagses as possible.

4. Control access to data bases; the potential for abuse is high and

experimentation is expensive.

S. Consider using specialists.

Computer Aided Design and Computer Aided Manufacturing

The use of computers for product design mamufacturing, and engineering
analysis is expanding very rapidly. There are predictions that by 1990,
practially all U.S. engineers will occasionally 4inceract with CAD/CAM
workstations, and approximately 35% will coaduct most of their work at CAD/CAM
workstations. There are, therefore, good reasons to analyze and improve the
design of CAD/CAM workplaces.

The opportunities for automation in the factory are often misunderstood
(Belander, 1983). The emphasi{s has been placed almost exclusively on the
production process, and automation has become symbolized by the use of
industrial robots. Actually, the work involved in assembling a product is not
where automation is likely to have its greatest effect; direct labor accounts
for 10-25Z of the cost of manufacturing. The major challenge is organizing,
scheduling, and managing the total manufacturing enterprise, including product
design, distribution, and service. For this reason, the most important
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contributions to 1increased productivity will be obtained by linking
information anetworks and providing a common pool of data on design,
management, and manufacturing. A computer integrated manufacturing system can
handle just about all aspects of the work including forecasting, cost planning
and control, purchasing, manufacturing, inventory control, quality coantrol,
and plant maintenance, see Figure 8. This CAD/CAM system canr also be used to
tie together manufacturing plants in different cities and different countries
through the use of comminications satellites. Thereby , information from
drawings and manufactured parts may be transmitted womeatarily to other
plants. This extended information network makes it possible to design and
share work in a much more flexible fashion bdetween different plants. The
management of information i3, therefore, likely to have much greater impact on
the work in an automated plant than automation of the assembly. It is likely
that these changes will alter far more white collar jobs than blue collar
ones. As an example, it would be possible to hire computer scientists in
countriegs outside the U.S. (at lower salaries) and provide remote supervision
and {instructions through the CAD/CAM information unetwork. The possible
impacts of such changes, however, are likely to be debated by labor unions and

wanagement.

Decision Making in CIM

One of the major problems is that of operator competence and information
overload. Computer integrated manufacturing (CIM) relies on the use of a
centralized mainframe that may store and traasfer information between the
different functions and processes in manufacturing. It seams unlikely that a
single operator would be able to handle the decision making for the entire
system. Evear in the future, there will be different axperts handling
different areas such as product design, marketing, and plant maintenance.
However, the CIM relies on the integration of different functions and there
will always be trade-off decisions and suboptimizations which involve several
subsystems. The decision making process might be quite awkward when several
individuals must jointly decide over processes that they only have partial
understanding of.

Another important issue is thac of decentralization of computer power and
decision making. CIM relies largely on the use of a centralized computer. So
what will happen to employees working in "the periphery” of the computer
network? Will they have their own terminals, and if so0, will they be able to
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Figure 8, Manufacturing planning system. (Source: Helander, 1983)
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influence decision making for purposes other than routine tasks? The issue of
dacentralizing coumputer and decision power is an importaat one. Presently,
there 18 a danger chat the sysrems programmers, who are responsible for
developing CIM, will become 30 immersed in technical difficulties of
integrating the system, that they will forget about issues such as democracy
on the shop floor, quality circles, and so forth.

Design of CAD/CAM Workstations
As CAD/CAM workstations become increasingly wused by engineers and

deaignersg, there will be an increased demand for ergonomic design features.
Many of these design features are presently incorporated in VDT workstatiouns
and include: height adjustable tables, wristrests, footrests, and the use of
“"ergonomic chairs” with hefght adjustability, lumbar support, and a high
backrest. It is also important to control the 41llumination in che office in
order.to reduce reflections on the screen., As with other CRT terminals, there
are problems with veiling reflections (washout of character contrast) oa the
screen and specular reflections (mirror-like reflections of surrounding
objects). Both of these problems may be reduced by deliberate design of the
office illumination system. For example, an {llumination level of about
300-400 lux allows visibility of both the screen and the gource documents.
Bowever, when the screen is not used, the operator might prefer co increase
the {llumination level. Similarly, when the operator is interacting
exclusively with cthe screen, with no need to refer to printed source
documents, he/she might want to lower the illumination level to below 100 lux.
It 1is, therefore, suggested that graphics workplaces with a CAD/CAM systems
should have easily adjustable illumination.

As with other CRT terminals, there is a problem with display flicker.
Unless the screen is refreshed at a rate greater than 60-70 Hz, there might be
problems with flicker, Flicker is perceived easier and i3 more annoying the
larger the light area of the display is. As a result, some CAD operators, in
order to keep the display as dark as possible, avoid crosshatching of drawings
and similar details. Flat panel displays such as plasma, LCD, and
electroluminescent displays require less space at the workstation and entirely
avold che problem of flicker. It, ther=fore, seems 1likely that these
alternative display technologies might be used im the future.

Work with CAD/CAM equipment requires considerable conceatration. The

design of the work area must, cherefore, permit concentration by allowing
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individuals privacy at their work. It 18 recommended that the background
noise not exceed 50dB. Computers, plotters, printers, and other ncise
producing machines should be located in special room(s) accessible from the
dasign room. A high level of security, {including fire detection and
extinguishing equipment, must be built into the facilicies.

Finally, most present designs of CAD/CAM equipment seem to disregard the
fact that there are unusually high demands for storage space for drawings and
other computer generated graphics and documents. Information from such
documents 1s often used as input to the CAD/CAM design process, and operators
need to refer to them constantly. As a result, there 13 a need for tables
where operators can spread out and store drawings. An example 18 given in

Figure 9.

.—

Figure 9. 1In a couple of years there will be considerable design
improvements of the CAD/CAM workplace. (Source:
Helander, 1983)

Graphic Input Devices
A graphic input device should enable the operator to quickly and easily
specify the contents of the display. Appropriate selection of a graphic input

device has the following benefits:
a) reduction of time to alter the display
») reduction of errors in selecting or specifying symbols
¢) reduction of operator fatigue.

There are several different methods for graphics control:

+ keyboard
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¢ light pen/light gun

> mouse

. trackball

¢ joystick

+ digitizing pad/tablet

+ cursor control keys

+ touch gsensitive display

» keyboard coordinate entry

+ gcanner/digitizer

* touch sensitive pad.

Research has been performed to evaluate the relative advantages of different
input devices (Parrish, Gates, Munger, and Sidorsky, 1981). For example, a
light pen i3 usually preferred for sketching and drawing lines on the display
when che need for accuracy is aot great, or for placing, moving, and deleting
symbols. On the other hand, the main advantage with a mouse is the sgpeed by
which it 1s possible to move symbols between different locations ou the
digsplay. A joystick is particularly advantageous for selecting or specifying
graphics commands where the input rate is high.

As seen above, it 13 possible to optimize the choice of input device
depending upon the task. It seems likely that as CAD/CAM workstations become
more frequently used, there will be greater freedom in the choice of input
device, One word of caution, however, 13 not to wix several input devices on
the same system. Alternating the use of, say, a light pen and a mouse may
produce confusion and decreased productivity {(Chapanis, Anderson and
Licklider, 1983).

Management of Information

In the information age, information is available in large supply but only
a small amount is applicable to any specific topic. The difficulty is to
access the right informacion and avoid irrelevant information. Information
Resource Management (IRM) 1is a strategy for centralized coordination of
information resources within a company. IRM is such a new concept that very
little has been published about it. All companies will, in the future, be
concerned about how they administer {information. For some organizations,
aspecially those in which information is the end product (e.g., libraries,
research companies, universities), IRM might be more important than for other

organizations.
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In a centralized, autocratic, company the coordination of {nformation
implies control over the company. In a more decentralized company with a
democratic  structure, control over information access wmight remain
decentralized.

Regardless, the implementation of a fully aucomated office will affect
the power structure significantly (Gaffney, 1983). For example, the design
characteristics of a local area network may decide if the computer memory will
be distributed, centralized, or something 1in betwean (admittedly, the
introduction of inexpensive processing power in desktop computers has made the
distinction between distributed and centralized systems difficult to define).
The use of computerized data bases and decision aids will also change che
power structure counsiderably. For example, imagine an executive secretary who
prioritizes mail, sets the calendar, allows people into the executiva's
office, and produces various kinds of information. When the exacutive has the
electronic tools to do cthis directly for himself, the secretary may loose many
of the existing duties including a sense of control and power gained from
organizing the job. Adjusting to such changes will probably be difficult
unlegg the job is restructured with complementary tasks and contacts that can
replace the old ones (Gaffnmey, 1983).

Clearly, in the information society, access to information will greatly
influence the ipdividual's power aand prestige. Whoever controls the creatien
and flow of information will also coetrol the distribution of power. The
management of access to information i3, therefore, a question of utmost

importance., Much research is needed in this area.
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7. TRANSACTING

The word transaction is taken to mean any routine manipulation of a data
basa, for example, changes made 1n customer accounts. Transactions are
usually performed on a visual display terminal (VDT). There has been a fair
amount of research on VDT's, The research has been reviewed in a previous
report (Belander, Bfllingsley, and Schurick, 1983), Recommendations for the
design of VDT workplaces are also available (e.g., Helandar, 1982). Hare we
will ouly give a bdbrief account of work with VDT's.

Perhaps more interesting from a future technology perspectiva 13 the use
of computer volce recognition as an alternative input media to keyboards.
Voice recognition has been available ouly for a couple of years but 1t has
several advantages over keyboard input.

Degign of VDT Workplaces
The use of visual display terminals (VDTs) in cthe office environment has
aroused fear that the health and comfort of the operator might suffer, There

are numerous reports of eye strain and headaches, A3 a result, many
scientific studies have investigated the importance of various design factotrs
such as the seating and work posture of operators, methods to avoid glare and
reflections from the screen, and the need for adjustability of the screen and
furniture, Attention to such problems has already led to conaiderable
improvement In the design of VDTs, and some potential sources of discomfort
have been elimirated by manufacturers,

It has been suggested that the operation of a VDT is, in many ways,
similar to watching TV and accordingly, should be associated with the same low
level of health risks. This analogy is not particularly useful. The viewing
distance, the nature of the information displayed (text rather than pictures),
duration of exposure, postural coanstraints, and a host of motivational and
environmental factors are clearly different. For some design questions,
research hag already provided an answer; for octhers, research 1is still
necessary.

Ergonomics problems are systems problems. This implies that for most
degsign solutions, there are usually trade-offs that make 1t difficult co
choose the bast designm. Por example, 1if the amblent illuminacion level is
raised to enhance the vigibility of the source document, the legibility of the
characters ou the screen may suffer. Or, 1f cthe lieight of the desk top is
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made adjustable to accommodate operators of different sizes, then, operators
have to accept the Incoavanience of making the adjustments, Or, ({f
workstations are moved clogsar to each other in order to simplify verbal
communication, then, thare @may also be more disturbance from noise,
Ergonomics problems are, therefore, usually analyzed in a gystems coatext,
Before a design can be finalized, designers frequently need special studiles to
learn about the human factors implications of their particular problem. And,
after the design is finished, evaluation is needed. Such studies should
evaluate the people who use the design to determine whether design features
and users are suited to one another. If they are not suited appropriately,

design wodifications are necessary.

Types of VDT Tasgks
There are three basic categories of VDT tasks: data entry, dialogue, aund

data inquiry. For data entry, the main items of importance are the keyboard
and the source document. The operacor reads information from the source
document and enters it using the keyboard. The screem is less important since
it 13 used mostly for checking. The screen should therefore have a less
prominent position than the gource document. In fact, 1t can for most
purposes, be positioned to the side of the table. For dialog tasks, there is
a constant flow of information from the keyboard to the screen and back again,
The amount of data input is considerably less than the data entry task, For
thias task, the screen should have a more prominent position. The third task,
data inquiry, mostly involves the mouitoring of data or text displayed on the
screen. For this task, source documents are rarely used since there 13 seldom
a gaaed for additional data {ipput, 8o the screean should have a prominent
position,

The different tasks are usually i{nitiated {n differenat ways. For
example, for both dialog and data inquiry tasks, a telephone call or a visitor
might initiate the activity. This 18 rarely the case for data entry, where
the task {s initlated by a document with information that must be keyed into
the computer. In addition, the usage of a visual display terminal varies for
diffaerent jobs. For some tasks, the VDT is used rarely, but for others, it is
used throughout the day. All of the factors mentioned above, type of taslk,
tagk initiation, and frequency of VDT wuse will affect che design of VDT

workplaces.,
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Design of Furniture

Poorly designed furniture may constrain work posture and result in
backaches, fatigue, and discomfort. These problems can at least be partially
avolded 1f proper consideration ls given to the cholce of furmiture during the
planning and design of an office. |

For example, the selection of chairs 13 affected by several factors:
differences in body size, work habits, and i1diosyncratic differences in
sansitivity to poor chair design. Some individuals can git in almost any type
of chair, while others, particularly those with back trouble, are
unconfortable unless the chair {3 exactly right. Chairs are inexpensive
relative to the costs of manpowar and equipment. Since the design of the
chair has a great {mpact on comfort, there i3 good reason to gelect a
confortable oue,

There has been a reasounable amount of research on the design of chairs
and ctables, Although some of this research has provided answers to many
criticdal questions, there remain importaat issues that have not been fully
resolved. For example, the German standard for keyboard height specifies that
the home (middle) row of the keyboard should be at a height that allows the
oparator to maintain an elbow angle of 90°., Since this applies to both large
and small operators alike, the chair and/or table must be adjustable to
conform to the standard. Figure 10 shows a workstation with a short (Sth
percentile) female and tall (95th percentile) male operator. It is obvious
that the furniture must be adjustable in order to accommodate both operators.
Two alternatives are shown in Figure 10: a height adjustable chair and foot
rest and a height adjustable chair and table.

Recent research has shown that the recommendation for a 90° elbow angle
should be relaxed, and that the elbow angle could vary becween 75° and 90°
without affecting operator comfort. Adjustabiliry 1{s still d{mportant,
especially when both male and female operators use the same workplace.
Dynamic sitting, implying 2 change 4{n posture about every 5 wminutes, is
lmportant for comfort and promotas good circulation. The adjustabilicy of
seat and table heights promotes dynamic sitting, but the adjustments must be
eagy to makae, otherwise they will not be used.

Design of the Screen

The visibility of characters oa the screen has, in the past, raised

concern both among users and in the research community. In a raster scan CRT
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MEASURES OF SITTING HEIGHT FOR
SMALL (5th Percentile) WOMEN ANQD
LARGE (95 th Percantila) MEN.

40.8

COMPENSATION FOR COMPENSATION FOR
DIFFERENCES 8Y USING DIFFERENCES 8Y USING
A HEIGHT ADJUSTASBLE A HEIGHT ADJUSTABLE
CHAIR AND FOQTREST. CHAIR AND TABLE.

ADJUSTED
HEIGHT

i
i 5
ADJUSTED
o - e
FOOTREST

Figure 10. Anthropometric comparisons of S5th percentile (small) woman and

95th percentile (large) man. (Body measures are inches.)
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display, characters are generated by a2 dot matrix technique. One of the main
{ssues has been to investigate how many dots should be used and what kind of
font has maximum legibility. A dot matrix of 5x7 is presently coasidered a
minimum in most standards for VDT design. 1In the future, it seems likely that
high resolution screens will be fairly frequent. A matrix size of, say,
20x30 may then be used, which will have the appearance of ordinary printed
text,

Another commonly debated issue is the best color of the characters om the
screen. There 13 a variety of alternatives, the most common of which are:
green, orange, yellow, or white characters om dark background, and dark
characters on a white background. The research provides no support for any of
the -~ alternatives; it is mostly an {ssue of pergsoual preference (Halander,
Billingsley, and Schurick, 1983).

Deaign of Office Illumination

Screen reflections are one of the most common causes of VDT operator

complaints, The source of screea reflections includes windows, 1light
ficcings, and bright objects in the room.

There are two types of screen reflections:  specular reflections and
velling reflections. Specular reflections produce mirror~like images of an
object on the screen., Examples include vreflectious of the face of the
operator and objects in the room.

Veiling reflections are diffuse reflections generated by a diffuse
reflector like the screen phosphor or a sheet of papar. Macte treatment of
the screen surface, e.g., etching, also produces veiling reflections. Veiling
reflections increase the luminance of the screen background and the characters
alike, thereby reduciag the coutrast ratio.

To enhance legibility and reduce operator discomfort, wveiling and
specular raflections should be minimized. There are different ways of doing
this, for example, by using screen filters, an etched screen surface, or
micro—~louvers, The advantages and disadvantages of several wmeasures for
reducing screen reflections are shown in Table 9. Observe that Cthe optimal
combination of measures depends on the particular office envirocment and type
of VDT.
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Table 9. Measures for Reducing Screen Reflections

Measure

Advantage

Disadvantage

At the Source

1. Covering windows

Dark film

Louvers or mini
blinds .

Curtains

Gover windows
permanently

2. Type of luminaires

Countrol of location
and direction of
{llumination

Indirect lighting

Task {llumination

At the Workstacion

3. Moving the work-
gtation

4, Tilrable screen

Tilced screen filter

Reduces veiling and
specular raflections

Excludes direct sun-—
light, reduces veiling
and specular reflections

Reduces veiling and
specular reflections

Eliminates reflections
from outside illumination

Raduces velling reflec-
tions, may eliminate
gpecular reflections

Reduces specular reflec-
tions, economy of office
space by moving work-
stations closer

less velling refleetion,
increased visibility of
source document

Less veiling and specular
raflection

Less specular reflection

Eliminates specular
reflection
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Difficult to see out

Must be readjusted
in order to see out

Difficult to sae out

Not appreciated by
employees

None

Noune

Readjustment
necessary

Bulky arrangement
for large screens



Table 9 continued.

Measure

Advantage

Disadvantage

3.

6.

Screen fi{lters and

treatmants

Neutral Density {(gray)
filter

Color filtaer (same
color as phosphor)

Micro mesh, micro
louver

Polaroid filcer

Quarter wavelength
antireflection
coating

Matte fintsh of
screean surface

CRT screen hood

Sunglasses (gray,
brown)

Raversad video

Between the Source aad

the Workstation

7.

Screening of
luninaires and
windows

Less velling reflection,
increased character
coantrast

Less velling reflection,
increasad character
contrast

less veiling reflection,
increased contrast

Leas veiling reflection,
increased coantrast

Eliminates specular

reflection

Decreases specular
reflections

Less veiling and
specular reflection

None - Contrast
unchaaged

Reduces specular
reflactions

Reduces specular
reflections
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Llesg character
luminance

Less character
lunfunance

Limfited angle of
visibility, non-
embedded filters get
dircy

Decraased character
luminance

Expensive, difficulc
to maintain

Increases charactaer
edge spread (fuzzi-
ness), increases

velling reflections

Difficule to avoid
shadow on the screen

less character
luminance

Increased flicker
seasicivicy

Might create
isolated workplaces



Use of Speech Recognition Systems

Systems for speech recognition understand a limited vocabulary of words,
thus, allowing spoken data or control commands to be enteared into a data
processing gystem.

Automatic speech recognition offers saeveral advantages over other
data-entry techniques (such as keyboards and paper-pencil communications). It
fraes the operator's hands and eyas so that he/she may perform other tasks
simultanecusly. It allows greater mobility, since the oparator may walk away
from his/her desk while continuing to enter information into the speech
recognition system. Finally, it may be easier to train operators, siaoce
speech recognition systems offer a data entry medium with which users are
familiar. As with most technological inventions in the working emviroument,
there ara also potential problemg which may make a2 speech recognition system
difficult to use. Some of these problems are summarized later in this text.

A typical speech recognition gystem utilizes a series of data processing
stages that coaverts an acoustical analog signal to a digital sigmal., Certain
features are then extracted from the signal (for example, formants, frication,
voicing or pitch tracks) and stored ia a language lexicon, which contains
templataes of a limited number of words, usually around 100. The recorded word
{3 then compared to the characteristics of the words gtored in the lexiecon,
and the best match is chosen for presentation, The recognized word may be
presented to the speaker using several differeant modes, for example a CRT
screen or a digical recording or speech synthesizer.  Thereby, it 1is possible
for the user to verify that the system recognized his/her spoken words.

There are three different types of speech recognition systems:

1., 1Isolated word, speaker-dependent

2, Isolated word, speaker-independent

3. Continuous speech, gpeaker—dependent
Speaker—dependent systems are the wmost frequently used. These systems can
recognize only one speaker at a time. The speaker must first “train” the
recognizer by repeating a prearranged list of words several times. The
computer comnstructs a phonological representation of each word, which later
can be used to compare spoken words against. Unfortunately, this is not the
straight forward process many people may believe it is. Typically, during the
day, an individual's voice patterus keep changing, Therefore, the computer
may have to be updated or “"retrained” at regular iatervals.
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Most systems available on the market can recognize a vocabulary of up to
100 words and manufacturers often quote an accuracy rate of about 98%. Such
information may be misleading, however, since there are yet no standardized
testing procedures for speech recognition devices., Performance ratings
achieved for one particular speaker and oue particular set of words are, in
fact, not easily duplicated under different circumstances.

There are also systems for 1isolated word, speaker-independent
recognicion., These systems, which may be attached to a telephome, have a much
more  limited vocabulary and are considerably more expeasive than
speaker-dependent systems.

Systems for continous speech, speaker-dependent recognition treat word
sequences as a series of phones or speech sounds repragented by a phonetic
graph, Since continuous speech contains few pauses between words, these
graphs do not necessarily indicate word beginoings or endings. Some sound
sequenced may be Iinterpreted improperly even by the human ear. Researchers
have not yet found a solution to this problem. Obviously, interpretation of
the phrases below depends on the context in which the speech was produced,
yet, phonetically, they sound about the same:

“Recognize speech,”
“Wreck a nice beach.,”

The best pudblicized use of contiguous speech systems is by the U.S. Poat
Office which i3 using voice recognition for sorting mail by zip codes.

Thera ara not yet any systems available for coatinuous,
speaker-independent speech. This davelopment might well be beyond the
capabilities of computarized algorithms.

Speech recognition has saveral disadvantages., One of the main problems
is that the phonological characteristics of speech vary considerably among
individuals. Male and female voices produce speech patterns that are
distinctly dissimilar as do regional dialects and accents. This makes 1t
difficult to develop sgpeech recognition systems that can understand several
individuals, so called speaker—-independent systems. Although such systems
exist, the vocabulary is typically more restricted than for speaker-dependent
systems.

Regearch performed by Chapauis, Parrish, Ochsman, and Weeks (1977) ac
John Hopkins University has shown cthat most work situations can be managed
with a vocabulary of about three hundred (300) words. The present limitation

on the number of words {(about 100) ig theraefore inadequace, although less so
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than many believe. It {s predicted that as algorichms are Iimproved to allow
larger vocabularies with improved accuracy, speech recognition systeams will
become Iincraasingly common, Preseantly, the market i3 fairly small. The
annual sales {in the U.S. are estimated to be about $20,000,000. Howevar,
market projections are gemarally optimistic with forecasts varyiog between
$130,000,000 to $995,000,000 annual sales within five years.

Presently, there are several applicatilons of volce recocgunition technology
(see Table 10 and Figure ll) and the list {s growing rapidly. The most
obvious applications involve so—called "hands-busy, eyes-busy” tasks in which
the operator is usually required to simulctaneously record information about an
object while manipulating the object., Examples of 8uch tasks include
inspection, logistica, production control,and sorting. The use of voice
racognition makes it possible for the operator to report his/her findings as
they are observed without the use of a keyboard or writing materials that
might distract attention from the primary task.

Ingpection can be accomplished with voice systems eicher online or
offline., Online inspection might be used on an automobile assambly line where
the product must be inspected before leaving certain areas. For instance, the
engine mounts should be inspected before the automobile i3 moved on to body
assembly. On cthe other hand, offline inspection would be best utilized for
ingpecting and certifying completed products, such as circult boards,
appliances, etc,

logistics, or the procurement, maintenance, and transportation of
materials, persomnel, and facilities has been much advanced with the advent of
computaers and volce recognition. Invoicing, product receiving inspection, and
inventory control are all prime candidates for voice systeams. Traditionally,
these activities involve at least one person counting or checking {items and
manually recording information about the product. The use of volce
recognition not only speeds up the process by freeing the operator's hands but
automatically emntars the information into the computar, updates old records,
identifies deficiencies, and inftiates billing and ordering.

The use of voice recognition in production countrel is much more efficient
than the <traditionmal method of hand recording. For example, scheduling of
productivity data can be made immediately available and may help improve
productivicy or reduce production costs.

A direct ugse of voice recognition in production is material sorting.

United Airlines uses a volce gystem for sovting baggage. Operators simply say
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Table 10, Some Applications of Speech Recognition Systems

Applicatiomn

Example

Factory Inspecton
Quality Control
Mail Sorting

Medical Laboratories

Office Work

Command aud Coatrol

Driving

Home Appliances

Computers
Office Products

Handicap Aids
Telephone Users

Telephone Companies

General Electric - circult boards
Datsun = automobiles

U.S. Post Office

United Parcel Service

United Airlines

Abbott Laboratories

Mount Sinal Bospital, Miami, FL

U.8. Geological Survey - cartography
Calma -~ Computer Aided Design

U.S, Naval Air Development Center
Lockheed Corp. - cockpit applicatious
Control of radio and air coanditioning

Control of television and video cassette

recorder
Microwave Oven
Control of CAD, CAM
Control of photocopiers
Typewriter
Kayboard special function keys
Control of beds, wheelchairs, atc.
Telephone banking
Telephone reservations
Control of PABX functions
Control of volce mailbox system

Speaker verification to control network access

Customer billing information

Switching coatrol center and ocher routines
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COMMERCIAL APPLICATIONS

PROGRAMMING QF NUNER LCALD
CONTROLLED MACHINES

&
\‘:JLJ B

SECURITY AND ACCESS CONTRR

A

bl ]

A8 b S 2pa s

SPOTTING XEY WORDS IM ‘ -
MONITORED CONVERSATIONS COMMAND AND CONTROL BY RICH-BAMKING QFFICERS

Figure 11, Commercial and wilicary applications for speech recogniciom.

(Source: Lea, 1980)
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the bag's destination into a microphone and it is automatically touted to the
correct flight, Not only does this speed up processing time, 1ts
implementation has greatly reduced the number of encoding ervors, S{milarly,
the U.S. Postal Office and Uniced Parcel Service use voice systems for sorting
mall and packages by zip code.

Two other unique tasks that use volce racognition systems are the
pathological analysis of 3lide preparation and map drawing, For some time,
Abbott Laboratories in Boston, Mass, has been using speech recognition for
reporting the findings of laboratory analyses, This has an advantage in that
the operator does not have to remove his/her eyes from the microscope, but may
continue to report the findings into a microphone attached to the microscope,
This procedure has increased productivity by approximately 30%.

Cartographers at the U.,S, Geological Survey use volce recognition as an
ald to producing maps. Information obtained €from photographe of an area 1is
displayed om a CRT., While the cartographer performs a visually demanding
gaarch of this information, he usas a track ball to control a cursor around
the screen, Using a volce system, the operator is able to identify features
that will later be labeled on che map, for example, altitude data (mountains
and valleys) and physical features (e.g., bridges, buildings).

There are several telephone applications of speech recognition systems.
Banking ctransactions and ticket and hotel reservations are among the most
familiar. In additfon, speech recognition systems may be used to control PABX
functions and volce mailbox systems. Taelephone companies may also use speech
recognition systems for the management of telephone networks, These
possibilities are currenctly under investigation by Bell Telephone laboratories
in Naperville, Illinois.

In che future, as the price of speech recognition devices comes dowm,
there will also be domestic applications of speech recognition, such as
control of air conditioning and car radios.

Human Factors Problems in Speech Recogmition

A driving factor for <the introduction of speech recognition systems is
increasing productivity, especially for tasks where 1t is important to free
the operators hands or where visual attention to the task is critical. A
recent study, however, demonstrated that, as a result of increased
productivity, cthe operator's total workload also facreased, and the capacity

to perform a simultaneous task decreased. This might have implicatioans for
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safety, since operators may not be able to attend to safety hazards that are
peripheral cto the work. In addition, 1increased workload may produce an
increase 1in facigue; it should be investigated whather fatigue is mostly
mental, and if the increased use of one's volce produces vocal fatigue,
hoarseness, or other symptoms.

Unfortunately, there has not yet been mich ragsearch on human factors and
soclal problems with voilce recognition systems. Several potential probleas
are mentioned: below.

One common characteristic of speech recognition systems is their
inability to understand normal changes in the operator‘’s voice. During the
course of a work day, an operator's volce wmay change dramatically. The
morning hoarseness disappears and an increased articulation oftem devalops as
the muscles 4inr the mouth become exercised. Such sensitivities might lead to
difficulties in communicating with fellow workers, chewing gum, or smoking
because these might distort the volce. In addition, non-planned speech and
noises, such as coughing, lead to misrecognitions. Table 1l presents a list
of speaking rules for speech recognicion systems.

It i3 usually necessary to provide visual or auditory feedback to the
user of speach recognition. For visual feedback, a CRT may be used to display
the words recognized. The monitor should be positioned fa the operator's
primary visual field. (In practice, displays are often positioned at
locations where they ara difficult to monitor.) Auditory feedback, either
digitized or synthesized speech, might sowetimes be preferable. Ona of the
main drawbacks, however, 18 that auditory feedback can be tiring or
distracting to listem to. One issue that requires ianvestigation is whether
feedback should be chunked; grouping data often facilitates comprehension.

Voice racognition systems can only understand a limited number of words.
For some tasks, the number of words can be increased by subsetting the words.
There are several implications £for human factors: how many decision
alternatives should be used and how large can the braunching unetwork be. More
importantly, however, might be to investigate the effects of standardizing
task performance on job satisfactionm. It has been suggested (Nye, 1982) thac
job rotation and job earichment techniques might be particularly important for
highly repetitive voice casks,

Voice recognition might create other social problems. Many people are
afraid to talk into a microphone (“mike fright”). This might have an impact

on the acceptance of voice recognizers in the workplace. Many systems can
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Table 11. Speaking Rules for Use with Speech Recognition Systems

« Speak aach word quickly amd crisply, yet in a normal
tone of voice

*» Do not exceed 20 utterances per minute

+ Eaunclate words clearly

» Do not overenunclate

* Unnaturally slow speaking rate distorts signal

« Take deep breath before each utterance

s Pause between breathing and speaking

« Speak several utterances with a single breath

« Lip smacking, clearing throat, coughing, talking to
others may cause rejections and errors

+ No loose dentures, chewing, smoking, or eating

+ Short words are usually more difficult te recognize

+ Stress usually reduces pauses and enunclation, creates
breathing problems, and generally degrades
performance

* Turn off microphone when not speaking directly to the
computer

recognize speech only if the utterances are separated by a brief pause. If
these "discrete speech” systems becoms prevalent, operators will need to learn
how to speak using discrete utterances. Speaking discretely not an easily
acquired skill; one must learn to speak crisply and to leave the required gap,
plus a gafety margin, between words.

Some languages are easier to understand with voice recognition devices
than others. For example, the Japanese language is more amenable than English
to machine recognition since it 13 composed largely of coansonant vowel pairs.
One might speculate that Japanese firms will maintain yer another edge in
enhancing productivity.

Motivational factors seem to effect volce recognition performance, and
users who are anxious o1 tenge often have serious problems wirh voice systems.
It also appears that voice recognition systems perform better with men than

women. In addition, regional dialects and foreign accents are often difficult
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for a speech recognition system to accommodate. This raises the fear that
speech devices might adversely discriminate against certain groups of people.

This brief review of applicacions and potential councerns of volce
recognition gystams {8 meant to coavey two points: first, that the
implementation of devices that speak and/or recognize and respond to speech
may present a cultural change of some significance, and second, that the range
of potential social repercussions seems very wide. The time 1s right, when
these technologies are still 1in their development, to bagin axamining their
implications. Much research remains to be performed in the human Factors and
industrial sociology areas.
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8. MEETING AND CONFERRING

Meetings occupy approximately 50% of che time of managers and executlves
and perhaps rapresent the single most important activity in an office.  There
are two main types of meeting: {informal and formal. Informal, nonplanuned
eeetings sre mora common than formal wmeetings.

It, therefore, seems that automating meetings or at least some aspects of
meetings through the use of elactroanic mall or teleconferencing could lead to
galns in productivity. Some types of meetings, however, are difficult to
automate, especlally those invelving nregotiacioans, counselling, personal
support, and so forth.

Brecht (1978) analyzed common purposes of meetings. The results were
surprising since there was seldom agreement about the purpose of a meeting.
On the average, participants in the same meeting listed 8 and as many as 21
different purposes for the meeting. Clearly, the assumption that meetings are
conducted for a distinct purpose is highly questionable.

Brecht collected wmuch data in order to quantify interactions during
meetings, for example, the number of topics discussed, the proportion of time
spent communicating, ete, Altogether, 15 variables were analyzed with respect
to differences among meetings couducted in private business, governmeat, and
at universities and there were no significant differences. In other words,
the basic structure of the weetings was independent of the enviroument. The
only variable that was significant was the size of group. Small meetings,
typically with two persons, generally lasted less than 30 minutes and usually
discussed one or two toplics. Medium saized meetings involving about six
participants lasted, on average, one hour, While the chairpersons in small
meetings dominated the communicatiocas, they played a much less dominant role
in medium sized wmeetings. These meetings were algo characterized by more
toplcs of discussion and greater ugse of communication aids. Finally, large
meetings differed from the small meetlngs in much the same way as did the
medium sized meetings, only mors so. These meetings could last up to five
hours and included more people, toptes, and ailds.

One characteristic that applied co all meetings was that oone meeting
often led to another. Following the conclusion of a meeting, several mint
meaetings were spontaneously formed awong smaller groups of the assembled
participants. These meetings were regarded as essential for interaction and

exchange of informwation.
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Business meetings tended to be information gelf-sufficient, and all
participants shared in contributing necessary informatioun. In contrast,
government meetings, which often involved the general public, were dependent
upon outside sources of expertigse. Bracht concluded that several aspects of
these meectings, such as bringing in outside support and holding mini meecings,
are difficult to perform in teleconferencing. However, much more research is
needed ou these issues.

Hough and Panko (1977) analyzed the contents of meetings. The most
common activities 1iunvolved seeking information (492), giving 4Iinformation
(48%), and problem solving (48%), see Table 12, It may be concluded that most
meeting activities require active group participatiosm. Only giving
information can be performed oa a non-interactive medium, such as electrounic
mail.

Table 12. Common Meeting Activities (Source: Hough and Panko, 1977)

Activity Percent of Meetings
Informatioa seeking 49%
Giving information 482
Problem solving 48%
Digcussion of ideas 262
Delegation of work 122
Negotiation 112
Forming impressions of others 9%
Policy making ¥4
Presencation of report 8z
Inspection of fixed object %
Conflict 42
Disciplinary action 1%

Group interaction is becoming increasingly important. In a2 democratic
environment, decisions are often made by groups rather than individuals.
Regardless of the media by which they iateract, new groups usually do not work
well together. With time, as participants get to kmow each other and get to

know their roles in the group, effectiveness increases. This has implications
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for the appropriateness of teleconferencing since it is more difficult to get
to know each other using the teleconferencing. These issues are discussed in

the next section.

Telecouferencing

A teleconference involves two or more individuals at different locations
with discuseions being transmitted cthrough audio, digital, or video
tachniques. Each of these communlication modes 18 treated separately below
under the headings  of videoconferencing, audioconferencing, and
computercoanferencing., Some regsearch studies of general interegt are first
summarized.,

Several studies have compared cthe efficiency of different types of
teleconfarencing. Ochsman and Chapanis (1974) compared the efficiency of ten
different communication modes in solving real world problems. The results are
ghown 1in Figure 12, The authors pointed out that the major galns were
obtained for those communication modes that usad voice,

The addition of a vides channel had little or no effact on problem
solution time, Voice and video was omly slightly faster than voice only, and
typewriting only was almost identical to typewriting and video.

Chapaais, Parrish, Ochsman, and Weeks (1977) used two problem solviag
tagks, an agsembly task and a map finding task, to 1iavestigate different
communication methods. In the assembly task, the information seeker was glven
several pleces of hardware to fit together. The information giver had a
drawing, a description of the product, and instructiocus of how to put it
together. Conversations were carrled out in one of four modes of
communicatioa: typewriting, hand writing, voice, and face-to-face. Some of
the major findings ware:

1. Problem solving took about the same time for face-to-face and voice

modes.

2. Problem solving toock twice as long for typing and handwriting as
compared to the other wmodes.

3. Spokan communication ia characterized by unruliness with wmore chan
ten times as many words, and about 4 times as many unique words as
for the other modes ¢f communication.

4. For the voice mode, the average aumber of unique words was 446, but
the maximum required was 123,
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Figure 12. Mean solution time for 10 modes of communication.
(Source: Ochsman and Chapanis, 1974)

S Only 1/3 of the time was 3gpent communicating; searching for
informacion took longer.

6. Typing skill had no effect on the amount of time for solving the
problem. Quite umnexpectedly, skilled typists decreased their typing
rateg to an average of 18 words per minute. The explanation for this
lies in the difficulty typists had in formulating the problem. It
still remains to be investigated whether managers who are also
experienced typiats have an advantage over other users.

7. Typed sentences were longer than spoken sentences,

8. PFor this task, microphone volce communication was as good as
face-to—~face communication.

It seems that adding a visual channel to an auditory channel has little

i{nfluence on problem solving time, Therefore, one wmay ask if the additional
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costs for wvideo conferancing are justified. For most types of tasks
investigatad, the advantage seems, at best, marginal.

Several studies have investigatad the attitudes and preferences towards
teleconferencing and face—-to-face counferencing. In general, telecouferancing
was preferred when participants were separated by a long distance and when the
discussions were aexpected to be of short duratioa. Sheridan ec al. (1981)
showed that teleconferancing 13 preferred by persoas who know each other and
when the discusgion i3 neutral. Couversely, face-to-face communicacion is
preferred whan dealing witch 3trangers and when there are sensitive issues
being discussed.

Videoconferencing

Videocouferencing has been on the market for geveral years. It 1s
increasingly used by large corporations in the United States., IBM, for
example, has videoconferencing capabilities between 30 differeat plants
throughout the world (IBM, 1982a), In addition AT&T leases videoconferencing
centers in several major cities.

Most experts and researchers recognize that neither videoconferencing nor
any other telecounferencing technique can fully substitute for face-to-face
interaction., However, 1t {3 an effective subgcitute for many types of
meetings that involve problem solving, educational conferences, task force
reviews, announcements, and emergenciles.

Duncanson and Williams (1973) rated the productivity, efficlency, and
enjoymenc of video versus face-to-face conferences, see Figure 13, The system
connected two New Jersey facilities of Bell Laboratories. Overall, users of
videoconferencing gave it very high ratings, and 90Z said cthat they would
rather use 1t than travel 50 miles.

Galitz (1980) pointed ocut that teleconferencing seems appropriate for
simple t{nformation exchange and that it 1s not known 1f this media {8 also
appropriate for more complex problems. TIBM (1982b) noted several factors thac
facilitate videocounferencing:

¢ One person should be identified as the cocference leader

All participants should be introduced at the beginning of a coaference

Don't cough or sneeze in the microphone, and avoid side coaversation
« Be as natural as possible; do not wear any special c¢lothing or makeup
*+ Try to address individuals by name in the remote conference room; this

causes them to respond and eliminates confusion
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« It 1s good courtesy not to ilunterupt a speaker

+ The speaker should always idencify him/herself unless there is
absolutaly no question that the people 1a the remote room know who 1is
gpeaking.

Oue problem with video conferencing systems i3 the design of the video
switching mechanigsm. Unlike audio-only conferences, in which all microphones
are coatinucusly blended, the video portion must be switched 1in
videoconferences, For confareaunces iavolving only two sites, it is possible to
use voice switching, with the camera rotating between speakers. However, with
thrae or more conference sites, it 4is impossible to use voice switching.

Pageray and Chapanis (1982) compared the use of 8several simultaneous
video channels with manual switching by a central opaerator who could monitor
the activities in each 1location, Each of the participating studlos had a
“request to talk bucton”, and the operator at the ceantral site reaponded to
requasts by activating the camera at the appropriate site. This system was
compared to oune in which there were several TV monitors, ome for each
conference sgite, The greatest difference between conditions was in number of
words per message. In the switched coudition, subjects used about 50 words
per message, which was almost 5 times as many as the non-switched condition.
In addition, problem solving took about 30% longer for the switched condition.
The authors concluded, however, that the higher cost of the system with
several monitors did not justify che slight increase in performance. Hence
the switched system was preferred.

Although videocounferencing has been a technical success, it has aot yet
become popular (Gupta, 1982). So far, most videocounferencing facilities have
been used at a financial loss, But, as energy prices soar and travel becomes
increasingly costly, videocouferencing may offer a viable altermative.
However, many researchers feel that video wmeetings, although suitable for a
range of communication tasks, are uansuitable for communication between

gtrangers or people of different ranks (Sheridan et al,, 1981).

Audioconfe:encing

Audioconferencing involves the use of telephones and loud sgpeakers
connecting several locations. Compared to other coaferencing modes,
telephoning is simpler, less costly, and curreatly accessible to more people.
There are several human factors problems in audioconferencing, 1including

apeaker identification, speaking order, and acoustics. Just as with video
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Unpleasant, Pleasant,
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Figure 13. Comparativ

(Source:

all participants
have chance to
express thelr
views

a ratings of | MHz video and face-to-face conferences.
Duncanson and Williams, 1973)
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confereacing, there is difficulty in establishing speaking order. In personal
face~to~face communications, body signals and interrupted sentences are
gsometimes used to establish speaking priority. On the telephone, however,
this {s not possible and many participants find themself playing a less active
role than they would in a face-to~face situation. There is also a problem
with ildentifying the speaker. This 1is particularly noticeable in large groups
of people who sit at a greater distance from the wmicrophone. It is,
therefore, necessary for each speaker to identify him/herself repeatedly. It
may also be more difficult for listeners to keep track of the train of thought
of different contributors over an extended period of time.

Computer Conferencing

Under this heading, we will briefly describe both computer conferencing
and conferencing using VDTs. Computer conferencing is distinguished from VDT
conferencing by the use of goftware and computer memory for storing and
sorting information. In VDT conferences, there {8 no specifiec use of computer
power other than for routing the megsages between participants.

Lerch (1983) recently summarized che state of the art of software
availability for computer conferencing. There are aow approximately a dozen
commerclal conferencing sgervices available in the United States. Some of
these use central computers and can be accessed by terminals via package
switching networks such as TYMNET and TELENET. Generally, the computer 1is
used for storing and sorting information. It 1is thus possible to bdranch a
computer conference and develop subconferences or subcommittees. Although
most of the systems share several features, there are some differences in
thelr funcetions.

The EIES sysctem, which runs on TELENET or UNINET, furnishes special
information through an electronic mwarketplace for buylng and selling
information and a2 "paperfare” which 1s a repository of research documeats.
Another system called AUGMENT was developed by TYMSHARE and uses TYMNET.
AUGMENT gives a subscriber control over various textual operations, including
word processing and the generation of multi-color graphics. This system
requires a high degree of user knowledge and skills.

COM, 2 program developed by the Swedish National Defense Research
Institute enables participants to track related messages as a discussion
grows, A single command is all that is needed to trace the complex branches

of an involved discussion. HUB, developed by the Institute for the Future,
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runs on UNINET and supports four basic activities:  graphics, programming,
documenting, and balloting.

One main advantage with computer coafereancing is that 1t 1s possible to
accoumocdate many more participants than audio and videoconferencing. Strom
(1982) cites several —reasons for the growing interest in computer
conferancing:

» It reduces travel costs

* Written communication may be wmore coacise and precise chan oral

communication

+ The system provides its own conference notes and accurate wminutes of

the sessions

o It allows conferees to work according to their own style aand pace

» Items may be discussad in parallel rather than serially

* There 13 no need to attend an eantire session since ome can rapidly

review the contents of a session afterwards

« It 13 possible to provide a2 continuous conference to replace periodic

conferences; thereby, the discussion of various 1issues may develop over
an extended period of time

¢« It can oprovide background information on topiles being discussed,

including research papers, company information, and other documentation
thet may be stored in a computer medium.

It 18 obvious chat through the use of computerized information storage
aud decision making aids and voting procedures, this medium allows discussion
of many items that are noC appropriate for ordinary conferencing using VDTs.
Some of the features available in computer conferencing are summarized in
Table 13,

There has not yet been much research on human factors designa of computer
conferencing. One study was performed by Sheridan et al. (198l), who reported
the results of an 18 month fileld study of electrouic information exchange.
Approximactely 30 U.S. and Canadian human factors professioaals communicated
from their offices and homes using computer terminals. The objective was to
create a continuous couference on “meutal workload" and papers could be
submitted to an electronic Journmal., The EIES system on TELENET was used,
Although there was no statistical testing of results, several observations

were made:

63



Table 13. Common Features Available in Computer Conferencing
(Source: Strom, 1982)

Feature

Conference items Documents may be accessed by athorized
conferees. Daocuments may be marked and
sorted by author, creation date,
modification date, key words, etec.

Bulleting High priority issues, e.g., message of the
day

Notes Private notepad for individuals.
Information not accessible to other
participants.

Mail Information directed to ome or a subset of
conferees.

Biographic List of participants with fnformation such
as phone number and professional
background.

Voting Voting 1s simple to implement with any
computer.

Other features Several features including: word

processing, test formating, spelling,
graphics, etc.

1. A majority of the participants saw EIES a8 a viable subgstitute for
travelling to remote conferences and for telephone coaversationms.
However, it was judged as lesg appropriate for keeping personal papar
files.

2. Most felt that face-to—-face discussions were still preferable when
possible.

3. The majority of users had mixed feelings regarding computer
conferencing as an effective medium of information exchange.

4, Three types of interaction developed:

+ Social interaction ~ 1572 of the time.
» Procedural clarificacions - 20% of the time.
* Substantive interaction - 657 of the time.
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Social interactions toock the form of jokes and cheery greetings,
fulfilling a need for personal recognition and encouragement. Such
interaction was encouraged by a computerized “cocktail party”.
Howaever, after some time, people had difficulty entering their
comments rapidly enough to engage in conversation and many people
could not break into the discussion as it was progressing (because
they found themselves having to read all previous comments). The
overall impression was that participants sometimes geemed to be
talking to themselves in the dark (oftem true even for real cocktail
parties).

Procedural clarifications were generally instructions concerning
the development of the conference including the organization of
contents.

The sgubstantive interaction included meat of the technical
information exchange. Six of the participants dominated the
discussion by providing 767 of the comments and the three most active
members coantributed 54% of the comments., (This phenomenon 1s
commonly refered to as Zipf's Law.)

The logical design of EIES was difficult to understand. EIES 13 a
confusing mixture of menus and inadequataly documented control
language, and negotiation through the menu heirarchy i1is difficult.
In addftion, the TELENET logon procedure was unnecessarily
complicated. Based on these observations, several design
improvements of the EIES systems were proposed:
¢+ Make it easy for the user to send and tecelve messages
+ Tell the user what he can do and how to do it at each step;
ensure that the user can find his way through the menu tree and
does not get trapped in a menu loop, from which it 1is possible
to escape only by discoannecting the TELENET
e Make 1t easy to find out what information 13 available on
TELENET
+ The multiplicity of terminology, e.g. “scratch pad”, “notebook”,
"conference”, is not useful, user convenience is important - not

the convenience of the software designer.
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9, TELEPHONING
This section reports some fairly recent advances: the private automatic

branch exchangae (PABX) and voice store and forward (voice mailbox).

PABX

The automation of telaephone networks was made possaibla whean the U.S.
Supreme Court in 1969 allowed companies, other than telephone companies, o
market equipment that could be attached to telephonme lines, Features such as
call forwarding and c¢all waiting came into common use. Later, the
introduction of computer power to the private automatic branch exchange (PABX)
made it possible to keep records of calls and to choose the least axpeansive
routing for a call, The most recent PABXs, sometimes called computer branch
exchanges (CBX), electronic private branch exchanges (EPBX), and integrated
computer based branch exchanges (ICBX), can provide detailed reports on
telephone usage.

The cowbined volce-~data PABX makes dual wuse of switching circuits and
wiras to carry both kinds of information. The simplest version i3 a data
terminal connected to a telephone line using a wodem (modulator-demodulator).
It changes electrical signals 4into tones that can travel over telephone
circuita. The data rate of this type of system 18 limited by the bandwidch of
the telephone 1line and by nunoise introduced in the circuits from swicching
equipment. Normally cthe data rate is not over 4800 bits per secoad, but some
specially designed circuits wmay carry daca at speeds up to 9600 bits per
second.

A modern PABX is compogsed of several sub—systems: a minicomputer with a
microprocesgsor CPU, and a random access memory switching unlit and associated
electronicecs such as toune generators and rotary to digit tramslactors. The use
of digital-switching techniques implies that a PABX is capable of a range of
digital communications including volce and facsimile Ctransmission between
different computers. Through software, the PABX may handle a variety of
terminals, including printers and CRT displays, which can be included 4n a
local area network. For regular telephone services, the PABX offers several

advantages, including:
+ Call queueing - the PABX queues a call to a busy extension until the

extension is free, and then completes the call
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¢« Cost control - the PABX can automatically restrict the placement of

certain types of local or long distance calls from selected telephones

e Statistica - tha PABX can provide sgtatistiecs for iandividual

telephones.,
To the ilndividual user, a PABX system has several advantages:

* Telephone users can access company or public networks without going

through the company telephone operator

* The system can automatically dial telephone aumbers and keep dialing

the number untll a connection is made

* Individuals may program the telephone to be answered by another

telephone

« Coaference calls can be arranged by dialing a particular code

« A tone may notify wusers that another party i{s attempting to get

through.

These advances are only the beginning of automated telephone calls.
Another major impetus 18 voice store and forward., With this gystem, it 1s
possible to program not only the access of telephone 1lipes, as described
above, but also the contents and delivery of messages. Voice store and

forward systems, or volce mailbox, are described below.

Modems

Data systems that communicate over telephone lines need modems, which
translate digital signals into audio sgignals in the form of AC voltages.
There are several kinds of modems. Radio frequency modems convert Iinformation
into radio signals that can be sent over coaxlal cables or into free space as
radio waves. Fiber optics modems convert the signals into light, which are
then transmitted through fiber optics cables.

The signaling between a modem and a computer 13 normally based on the
standard RS-232-~C. For a low speed modem operating at 300 baud (the Bell 103
standard), the stacion originating the c¢all uses a tome of 2225 Hz to
represent a 1, and 2025 Hz to represent a 0. Simultaneous 2-way transmission
over the telephone line 1s made possible 1IiIf the answering equipment uses
different frequencies; for example, 1270 Rz for 1, and 1070 Bz for 0. A modem
may thus transmlt ome set of tones while simultaneously receiving another
set.

Other standards such as the Beil 202 and Bell 212 provide higher
signaling rates. For the Bell 212 standard, the originating modem transmits a
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1200 Bz tone and the answering modem transmits a 2400 Hz tone. The Bell 212
ugses a change in phase of the signal rather than a change in tone. Since a
phase change can be detected wore readily by electronic equipment, the
transmisgsion rate may be increased.

Baud rate {3 the measure of transmission speed. It can be calculated as
the reciprocal of cthe time duration of the shorteat signal element in the
transmissioa. For example, the time to transmit oune element of information at
300 baud is about 3.3 milliseconds.

Bits per second (bps) is a measure of information transfer, The informationm
element in most systems is efither a 7-bit character in the American Standard
Code for Information Exchange (ASCII) or an 8-bit character in the IBM EBCDIC.
Characters per gecond (CPS) is a more practical measure of information than
bits per second. Characters par second may be easily translated 1iato words
par minute, with a word consisting of 6 characters. A pergson can comfortably
read words appearing on a screen at 300 baud (about 300 wpm). At 1200 baud,
the words appear too quickly.

Terminals in close proximity to computers and counnected directly to them
may operate at speeds of uyp to 9600 baud. Even such speeds are counsidered
slow in terms of computer to computer communication, Ten mtllion bits per
second (l0 Mbps) is the standard rate for modern networks.

Voica Mallbox

A study recently performed by AT&T showed that using the telephone is ome
of the major activities 1o office work (Knopf, 1982), On the average,
axacutives spent 16% of thaeir time, and secretaries 20% of their time on the
telephone, see Table 6. Sixty-sight percent of the calls investigated were
made within the coumpany, 32% outside the plant, and 427 co some other plant.
For 24%, there was an immediate urgency to reach the other party. The
remainder of the calls were less time critical, varying in urgency from a few
hours to the next day, see Table 14.

Most of the telephone calls made were unsuccessful, see Table 15 ., In
50% of the cases, the receiver was out of the office and in 18%7 of the cases,
the telephone was busy. In many cases, there were ongoing meetings in the
receiver office so the receiver had to call back at a later time. For calls
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Table 14. Location, Purpose, and Urgency of Business
Telephone Calls within the Sama Company
{Source: Knopf, 1982).

Location

Same locacion 58%
Other location 423
Purpose

Sending Inforumation 497
Exchanging Information 452
Recaiving Information 62
Urgency

Immediately 242
Within a few hours 202
Before end of day 29%
Next day O.K. 142
Not time sensitive 132

not successfully coapleted, the caller usually left a message. For 467 of all
messages, the name and phone number of the caller were left for a return call.
In 267, the name, number, and purpoge were stated; in 9% the caller 1left a
complete message; in 10Z, the name ounly was left; and 1in 9% of the cases,
there was no massagea, In addition to the problems of reaching the intended
party, there wera frequeut interruptions of calls thac were successfully made.
Obviougly, the use of a voice mailbox wmakes it poasible to place a message
rvaegardless of the availability of the ather party.

An  IBM gtudy of 2,280 telephone calls showed chat for 49% of the
telephone calls, the maiu objective was to tracsmic information and for 45Z%,
there was an exchange of information (IBM, 1982a)., Obviously a voice mailbox
would be adequate for chose sending information but less suited for
information exchange. Voice mailbox also makes it possible to concentrate
calling and raception of messages to one part of the day, thereby decreasing
interruption of other acrtivities.
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Table 15. Percentage of Successful Telephone Calls
(Source, AIT, 1982)

Raceiver Activity Percent of Time
Out of office 50%
Meeting ia office 14%
Working at desk 122
On the phone 182
Other 62

Voice Mailbox Characteristics

A volce mailbox is used to store a volce message for delivery at a later
time. Most systems digitize the message to be sent and store it on disk or
gome other random access memory devica, see Figure 14, The system can stand
alone or be counected to a CRT terminal, in which case it is possible to get a
list of messages and select ouly those that seem important. Most gystems also
compress messages by removiang pauses between words and by replaying the
message at a fagter rate (while maintaining pitch). For many aystems, it is
possible ta call in from locations outside the office so that the system can
be used as a celephone answering service. Some systems may be used only with
a touch-=tone telaphone while others are usable with any type of telephone.
Some systems make it possible to deliver a mesgage at a predetermined Cime,
Users can also request verification of message reception. In summary, voice
mailbox gystems may incorporate many additional features, depending on the
manufacturer. Table 16 provides a list of some features available in volce

mallbox systems.

Some Ergonomic Problems with Voice Mailbox Systems
Ragsearch by IBM stressed cthe importance of constructing a system that
provides guidance to the user (IBM, 1982a). 1Two imporcant goals in designing

a user-oriented system are to assist a new user in learning the systeam, and to

help an experienced user learn more about the system. Specific codes for help
and user guidance are desirzbdble.

User guidance should provide information that 1s sensitive ¢to the
function being performed. A special help button should be available to

provide information that is mcst likely to help the user at any glven time.
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Table 16, Some Important Characteristics of Voice Mailbox Systems

SYSTEM CHARACTERISTICS:
Systems Bouandary: stand alone, with PABX
Rotary and/or touch-tone telephones
Number of subscribers
Munber of simultaneous recordings
Number of messages per subsgcriber
Recording time per message
Total recording time
Megsage retention time

CALLING CHARACTERISTICS:
User HELP function available
Calling numbers or calling names
Group calling
Verification of message receival
Preprogramming of calling time and frequency

RECEIVING CHARACTERISTICS:
Ease of mmssage access
Prescraening of messages (on gcreen) possible
Message entry date and time noted
Paging possible — time, volce, radio
Megsage and pause compression

Preprogramming of reception time
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Subsequent presses of this button should provide more detailed information.
The help button should also provide information on available commands and keep
track of what the user has done and what the user can do.

Feedback and prompting are Important, aspecially for new users. Systams
should, for example, provide the user with confirmation of message
transmittal, for example: "Message received by Dr. Ostberg October 22, 1982."
It should algso provide voice information that might reassure the user, for
exanple: “"record the message” or "listen to the message.” Prompting can be
used to avoid errors, for example: "Message is unchanged. To transmit press
1, to not transmit press 2,”

In order to save space on the disk, pausags in gpeech ara usually reduced.
However, to maintain prosody it 13 desirable to maintaia a small pause which
i{s proportional to the original pause. IBM, for example, plays out 1/8th of
each pause. Likewise, it 13 possible to remove long vowels without losing the
meaning., A useful feature of voice mailboxes 1a the ability to annotate a
message by inserting a comment at any point in the message, The original
message plus the aunnotatiom may then be sent back as a response.

It is important to prevent users from making errors, Such as sending a
nessage to the wrong person or sending the wroug message. Some of these
errors may be avoided by using a distribution system that sends to names
rather than to telephone numbers (it is easier to make a mistake with a number
than with a persoa's name),

Ag with all new gystems, it is important to traln users and to give them
time for familiarization. Inexperienced users may be unaware of new mail
which may keep accumulating until both the sender and receiver lose coufidence
in the system. It {8 also {important that the volce mailbox be designed so
that {t doesn't unnecessarily disturb the user. Most users seem to appreciate
a couple of quiet hours after coming to work and would rather take their own
initistive to call the mailbox. Some complaiats with volce mallbox systems
are given in Table 17. Maybe these and other problems will ingpire research

on user acceptance.

Social Impact of Voice Mailbox Systems
The use of voice mailbox systems will most likely increase in the future.

Several potential services besides office communications are available, such

as delivery of company Information, use of a dictaphone tied to a word
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Table 17, Some Complaints with Voice Mailbox Systems
(Source: 1IBM, Probe Research Seminar,
New York City, 1982)

It's impolite not to tell about co-recipients

I entered my name on a long distance call

System messages play out too fast

System messages play out too slow

Can 1 get hardcopy of a message

I don't like to hangup on the system

Broadcast capabllity for system operator

Tell sender when message is received

Automatic translation of user messages

Why did the system tell me I had no message to listen
to after calling me?

I want an easy way for my family to send me a message

1 want the system messages in a male voice

processor, delivery of fipancial unews, and storage of calendar information
reminding users of important appointments, It 18 not yet clear, however,
which services will be amenable to electronic mail and the relative importance
that traditional mail and telephones will serve, For inter—-office
communicatioas, there are obvious advantages with voice maflbox. For example,
it has been shown that an average telephone call takes approximately six
minutes whereas the average leagth of a volce wmailbox message {s about one
minute, Despite such time savings, there are some negative aspects of the
gystem which must be coasidered. For example, users may become frustrated by
the impersonal {interaction with the voice mailbox, Perhaps the short message
time is an indication of user discomfort.

Some applications may have undesirable social consequences. For example,
1f voice wailbox 1s used for remote dictation, the typist can remain at home,
listening to the dictation over the telephone line and typing at a visual
display terminal., Such usage may have profound soclal effects since there may
be no 1interaction with the employer or other employees, Due to increasing

coats assoclated with office space, there {s the temptation to encourage more
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home work. This might have adverse effects on job satisfaction for saveral
individuals.
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10. DOCUMENTING

Several novel types of office automation devices may be wused for
producing and storing documents, see Figure 15. Wordprocessors are used for
typing and editing; text may be entered into a computer using optical
character recognition (OCR); tables and graphics may be created from a data
base using a data base management program; and images may be integrated with a
report uging facsimile equipment. After a document has been created, it may
be reproduced as a paper document, sent as electronic mail, or filed oa an
electronic medium.

This section gives a summary of some of these devices: electronic
filing, optical character recognition, facsimile, and electronic mail, It
should be observed that most of these processes have other uses as well.
Wordprocessers (VDT's) were dealt with previously under the heading of

Transacting.

Electronic Filing
A study performed by Malome (1983) analyzed the way professionals and

clarical office workers organize information 1in their offices. Two of the
most important units of desk organization are files and piles. Both are ways
of arranging groups of informatiou., Files are units in which the elements
(e.g. individual folders) are titled and arranged fn a systematic order (e.g.
alphabatic or chronological). In piles, individual elements (papers, folders,
etc.) are not necessarily cicled and are usually not arranged in any
particular order. The ways piles are created often gives them a haphazard,
iaverse chrounological order.

In addition to the problem of finding information, am equally important
function of most desk organizations is reminding. Much of the information
that 13 visible on top of desks is there to remind the user to do sowething.
A deliberate attempt was noted for office users to prioritize information so
that they could remind themselves, es.g., "If I don't put it here where I can
see 1t, I won't do ft”.

One of the reasons individuals use plles racther than files is the time
and effort it takes for classifying information into files. Malone made the
observation that computer systems can help by creating classifications and

retrieviag Iinformation. In addition, a computerized system may be used to
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remind individuals about tasks to be done and to prioritize {information so
that frequently used information is easily accessible.

Malone pointed out that, depending on the type of job, the organization
of the desk may vary considerably. Neat desks seem to be more common among
people with routine jobs than those with non-routine jobs. Whether or not it
18 worth cthe effort to keep an office neat, it 13 clear chat there s
perceived social value 1in having a neat office. The study gave some support
to the claim that people with messy offices do, indeed, have more problems
finding information and remembering tasks than people with neat offices.

The results of this study were used for designing the Xerox Star
Computer, where files and piles may be manipulated on the screen. Considering
the application, the results seem valid and appropriate. Overall, however,
the research is just in i{ts embryonic stage. Much more work needs to be done
in order to develop a task taxonomy that is useful for describing office work
and, at the same time, may be used to design computerized office aids. Some
of the research results are syathesized in the following sections.

An imporcant issue for electronic filing is how to organize information
so that it 4is easily retrieved. A common approach iavolves the assumption
that the type of information impacts how it should be f£iled. Several research
projects have observed the behavior of individuals while filing and retrieving
information. The intent of these studies was to create a model of filing
behavior, so that electronic filing systems could be designed to mimic and
enhance 1individugl filing habits, Cole (1982) classified information
according to the urgency or immediacy by which 1t needed cto be accessed.
Accordingly, there seems to be a continuum from action information to archive
storage, with personal work files counsidered a hybrid of the two extremes, see
Table 18.

Facsimile

Facsimile systems are used to transfer pages of documentation over the
telephone network and for integrating photographic reproductions iInto reports
created by computer. Facsimile equipment has been used in the U.S. siance 1954
when acoustic couplers became legal. The real growth of facsimile equipment
started, however, in the mid-sixties. Today, the equipment is most popular in
Japan due to the fact that most Japanese letters are handwritten (the Japanese
script has 10,000 characters requiring 2,500 keys on a typewriter). There

have been recent predictions that facsimile communications will become common
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Table 18, Classification of Information Based on Relevance and
Immediacy (Source: Cole, 1982)

Action Information Archive Storage Information
Has immediate relevance to present Rarely relevant to present work
work
Swall amount of information ‘ Large amount of information
Usually spatially arranged at the Usually arranged in rigid filing
workstation system
Short and longterm memory Longterm memory helpful for
helpful for retrieving retrieving
Requires little organization Requires extensive organizatioun

in Japanese homes. It seems unlikely that it will ever be popular in western
countries,

There are facsimile standards set by the International Consulting
Coumittee for Telephony and Telegraphy (CCITT). Commonly 100 lines per inch
(4 lines per wmillimeter) are used for type not smaller than an elite
typewriter, and 200 lines per inch for higher densitles. NEC (a Japanese
company) has recently released a combined highspeed facsimile and office
copying machine with a resolution of 400 lines per inch (Ritahara, 1982).

One of the main problems with facsimiles is the large amount of data for
each page of transmitted information. For example, 300 lines per inch
requires 8,415,000 bics per page, At 1.2 megabites per second, it would take
geven secouds to transmic this document wusing a local area network. Using a
talephone network at 9,600 bps, it would take 97.4 seconds. The most recent
equipmenc is capable of speeding up tramnsmission time by reduclng redundancy
and compressing data. A 1:9 reduction at 300 lpli (lines per tnch), for
axample, decreases transmissioa to about 10 seconds (Walter 1983).

Depending upon the required resolution, the transmiasslion time required
for telephone networks might be excessive. For example, a photograph with a
resolution of 1000 lines per inch and a 9600 BPS transmission rate, requires
transmission time of more than one hour, see Table 19,

In the future, there will be a convergence of facsimile and computer
bagsed mail gsystems. The ideal hardware system for this purpose should be

capable of scanning, displaying, printing, and transmitting messages over a
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Table 19. Transmission Times for Different Resolutions Using a Telephone
Network with 9600 bps

Item Resolution Transmission Time
lines/inch minuces
Photograph 1000 170
Halftone 200 16
Commercial 100 4
Facsimile
Television 50 0.7

network. Prototypes are already available, and the system will become common
in che second half of the 1980s.

Optical Character Readers

Optical character readers (OCRs) way be characterized by the following
parameters:

» Speed of readiag
* Accuracy of reading
Type of fonts racognized

.

+ Colors vrecognized

e Type and weight of usable paper

o Information storage facilities,
Ordinary bandwriting cannot be read with great accuracy, although one device
manufactured by Scandata Corporation can read hand princed alphanumeric
characters, The products range from simple OCRs which can only read numerics
in one particular font to those that can read more than 2000 documents per
minute,

Electronic Mail

Electronic mail is now possible not only through a terminal attached to
the telephone network, but also through the U.S. post office. The E-COM
(Electronic Computer Originated Mail) allows mailers Co transmit messages to

any of 25 specially equipped post offices throughout the country (Bolger,
1983). Messages which are transmitted by midnight are automatically printed
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and 1insertad in E~COM envelopes for delivery as first class mail wichin ode
to two days. E-COM messages cost 264 for one page and 31¢ for 2 pages.

Regular electronic mail has also found its use within companies, but its
introduction has been slow. McQuillan (1983) blames the lack of strategic
planning, Without strategic planning, 1including specification of system
architecture and a pilot test, it 13 difficult to raise enthusiasm for
electroaic mall. In order to be a success, an electronic mail system must
fulfill a need to communicate, otherwlse, employees will rejact the system
(Bair, 1979). Morgan (1979) points out that a minimum number of users in a
company 1s between 8 aud 15.

Galitz (1980) reports several important soclial issues assoclated with
electronic mail: communication patterns, etiquette, privacy, keying, and
gsoftcoples. According to Galitz, most communication in s8n office using
electronic mail 18 wvertical, that 138, flowing down from management to
subordinates or up from subordinates to management. It 1s rarely used for
horizontal communication. One of the reasons might be the ease by which
management can send the same or gimilar wessages to several employees.

One disadvantage with electronic mail is the difficulty of prioritizing
messages, Previously, secretaries could sort incoming mail according to
priority., With electronic mail, this seems less likely, at least until office
routines have been established which encourage secretaries to use display
terminals.

Electronic mail 18 usually proposed as a substitute for telephone calls
and business letters (Galitz, 1980), Bowever, there are certain differences
{n the type of communicaction. Telephone messages tend to be informal while
business letters are formal. Electrouic mail has been classified as something
in between, with a language less formal than a business letter. This might
suit some users more than others, Maybe a fast typist would profit from the
use of electronic mail, whereas good verbal communicators might prefer to use
the telephone. As has been pointed out by Chapanis et al., (1977), however,
proficiency in keying is not necessarily required for efficient communication.
In order to succeed, the privacy of communication musc bde guaranteed. It is
unlikely that employees will wuse electronic mail if management is listening

in.
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11. CHANGES IN THE WORKPLACE -SOME TRENDS AND PREDICTIONS

Several years ago, C. P. Snow (1966) foresaw the development of computer

technology and the great impact it would have on working life:

"The computer revolution §s going co be the biggest technological
revolution men have ever known, far more intimately affecting mens'
daily lives, and, of course far quicker than either the agricultural

revolution of neolithic times or the earlier industrial revolution.®

Be also foresaw the need for sociological, psychological, aud human
engineering studies to i{nvestigate and control the effects of computer
technology oan humauns,

At this time, it seems 1likely that the greatest impacts of automation
will take oplace in the office, and not on the factory floor. Most robotics
applications are specific to the product manufactured and require tailored
software, In contrast, much office work relies on general applications
software. The major point, however, is that office work is far more common
than manufacturing. In 1950, approximately 17Z of the population of the
United States were employed in informatioa jobs. Today, this figure is close
to 60% and includes such jobs as creating, processing, and distributing
information in banks, stockmarkets, insurance companies, schools, and
government., Chapanis (1982) noted that 200 years ago, about 90% of the labor
force were farmers. Fifty years ago, factory workers dominatad. Today the
number one occupation 1is clerk, One may speculate what comes next.

Office automation started in the second half of the 19th century. By
1900, there were a number of mechanical devices found fn the office, for
example Morris' Telegraph, Bell's Telephone, Edison's Dictating Machine, and
the typewriter., By 1900, more than 100,000 typewriters had been sold and
about 20,000 new machines were manufactured each year (Giuliano, 1982).

With the typewriter came an increase in the number of offices, variety of
jobs, and personnel, With the introduction of typewriters and the telephone,
new jobs for females as secretaries and telephone operators were creatad.
According to some employers, women's ability to greet straungers pleasantly and
their reliabilicty and tolerance for repetitious work made them 1deal
receptionists and secrecaries, In fact, it was said that “women's fingers

raised as deftly over the typewriter keys as they had been playing the piano”
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(Scott, 1982), Both of chese occupations were destinated for single women and
age limits of between 18 and 25 were usually enforced.

The segregation of occupations by saex has persisted. Presently, 97% of
all secretaries, 96% of key punch operators, and about 92% of telephone
operators are female, It seeuws likely that as duties expand ia the automacad
office so will recruicment of male employees to these jobs.

Office automation, as we have already noted, 18 occurring extremely
rapidly. Ilan Ross, President of Bell laboratories has exprassed concern: “We
are being led by the technology at the moment, and I think that we should
never loose sight of the fact that technology should be serving people, not
people serving technology” (Straw, 1982). With decreased time spent for
product planning and decreased product lifetime, 1t will inevitably become
more difficult to lnvestigate the human factors consaquences of new products,
unless of course, human factors design rules are used during the conception of
the product., There 13 increasing evidence that this might be the case. Wang
Laboratories, an emminent manufacturer of office automation products, defines
human factors as one of the six informatioa technologles (che others are data
processing, word processing, audio processing, image processing, and
necworking). According to Wang's definition, efficient operastion may be
achleved by considering the physiological, behaviorial, psychological, aund
soclological effects of office automation on humans., "The foundation of human
factors 1s based on the understanding that users are the beginning points {n
all machine activity, regardless of how complete and powerful the equipment
becomes”,

Implementation of ergonomics and product design has become a selling
argument, It still remains to be seen Co what extent human factors 1s taken
seriously and the extent to which research becomes public knowledge. There is
already a teadency for manufacturars to not disclose results of human factors
research., Although 2 wmajority of manufaccturers claim to manufacture only
ergonomically designed products, the findings they base their designs upon
often remain obscure; sometimes because the manufacturers know little about
argonomics and sometimes because they coasider their findings trade secrets.,
Maybe increased competition and enhancement of ergonomics as a selling
argument will lead co futher non-disclosure. Human factors professionals do
not sympathize with this tread; any findings with ergonomic 1lmplications must
be published openly.
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Labor unions in the United States seem to have lost mch of their
political power in recent years, In 1950, more than 30%Z of the workers in the
U.S. were members of unions. The percentage has now decreased to 197 and it
seems to be headed even lower. The dissolving borderlines between blue collar
and white collar work might even accelerate the trend. Individuals who were
formerly blue collar workers will find themselves in new occupations where
they have to maintain and program robots and supervise the work of automated
systems from an office, As a counsequence, there will ba a considerable
migration of workers from wanufacturing into information types of jobs.
Finally, work cthat can be done at home on a VDT will become increasingly
common, Such work arrangements will most likely reduce the accessibility of
workars to unions and reduce recruitment practices.

One of the few burgeoning wunions in the United States 1is the
Communications Workers of America (CWA), which now organizes about 500,000
workers, mostly in the telecommunications induscry. Glen Wacts, Prasident of
CWA has observed the impact of technolgical changes for many years (Straw,
1982). According to his observations, the introduction of new technologlas
and talephone systems has not reduced the number of jobs but rather increased
the versatility of telephone gystems and the expansion of comminications,
which has made 1t possible to maintain the number of workers in this area.
However, there are also negative effects of new technology. According to
Watts:  “"The advancements of technology can have strong adverse effects on
workers by reducing skill requirements, fracturing and eliminating jobs,
fostering mental and physical stress, and creating health and safety
problems”.

Some of these problems have been attributed to the use of wisual display
terminals (VDTs), Although VDT's do not seem to promote visual fatigue to
any greater extent then printed text on paper, nor seem to present a radiacioa
hazard, user cowmplaints are fairly frequent (Helander, Billingsley, and
Schurick, 1983). Perhaps VDTs, as the most obvious reminder of autowmation,
have become a symbolic focus for discoatent. Other less visible aspects of
office automation are, however, probably more consequential than VDTs.
Software, for example, provides the primary interface bdetween humans and
automated machines. The design of software, therefore, deserves coansilderable
attention and should take the usars' needs and desires into account. Just

imagine, chrough the rewriring of a couple of lines of software, it 1is
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poasible to restructure a job, for example, by making it self-paced rather
than computer-paced. Unfortunately, “user friendly"™ software has largely been
neglected by computer scientists and ergonomists. Salveady (1982) is among
the few who point out the importance of feedback and selfpacing (rather than
computer pacing) to reduce worker stress and enhance job satisifaction. By
incorporating such details, it {s possible to craate jobs that are Ffar more
satisfying.

Another important design aspect of automated systems is computer rcasponse
time. Several investigations provide evidence that long or variable response
times increase the level of operator stregss considerably, In fact, this issue
has raised such interest that the U.S. Department of Defense has recemtly

adopted recommendations to regulate these 1issues, see Table 20.

The Inexperienced User

With the 1lncreased use of computers at the workplace, there will also be
wider recruitment of employees to handle computerizaed tasks. It should be
recognized that the potential users represent a wide range of cthe general
population: males and females, 20-65 years of age, wuminority groups, and
different educational backgrounds., Although almost everyone has had some
contact with computers in our society, very few have direct experience. The
pajor human factors challenge 4s how to design computer systems cthat are
adaptable to the raunge of skills and backgrounds of people who use them.
Thare are two major lsgues: the problem of negative attitudas and acceptance

of innovation, and the design of training programs,

The Problem of Attitudes
Most computer designers have exparienced wide differeaces in attitudes,

bocth positive and negative. Many of the negative attitudes seem to stem from
that fact that prospective users might perceive the computer as a device that
«@1ll depersonalize and dehumanize their work. These attitudes, however,
typically change wich increased experience with the system. 0'Dierno (1977)
cited an illustrative example of attitude change during the conversion from a
batch~oriented data collectionr system to an on-line, terminal-oriented system.
Ag can be seen in Figure 16, attitudes differed wmarkedly as a function of

organizational level and phase of implementacion.
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Table 20. System Rasponse Times (Source:
Marshak, and Doyle, 1982)

Hendricks, Kilduff, Brooks,

Maximum response time

Activity or fuanction Seconds
1. Systems activatiom

a. Engaging ON buttonm 2.0

b. Request to contact the system 5.0
2. Response to control activation such as change in

control force after moving a key past a deteant

posicion, the appearance of a line when a light

pen 1is used as a scylus, or the appearance of a

printed character on the screea or page 0.1
3, Feedback

a. To mechanical insertion of ID card 0.5

b. That ID anumber 1is correct in leungth and

correct in alphanumeric format 0.5

¢, That ID 13 accepted 2.0
4, Request for service (from command to beginning

of the display

a, Simple (frame already exists) 2.0

b. Complex command 5.08
5. Error feedback 2.0
6. User intervention in an automatic process

a. Acknowledgement of command 2.0

b. Able to execute command 5.0

3a1f processing will take more than 15 seconds, glive the user an estimare of
the length of time needed for the system to comply with the command(s) and
provide an acoustic signal when the terminal is ready for the next command.
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Figure 16. Actitudes towards a computer system depend on organizational
level and phase of implementation. (Source: O'Diermno, 1977)

Inigial positive or aegacive attitudes generally depend on several
aspects:

sperceived features of the innovation

*prior experiences with similar developments

sestimates of relative advantage

scompatibility and complexity

eperceived personal risk.
The process of acceptance or rajection is, as illustrated by O'Diernmo, a
dynamic phenomenon that takes place over days, weeks, or even months. The
initial inclinacion toward acceptance or rejection 18 more refined as further
information is received during the course of system development. In the case
of automation, it Is particularly important chat the individual be informed
about all aspects of the new system. Theres are several rules for presenting
this information:

*information mst be comprehensive and factual

‘migconceptions mist be recognized and cocrrected
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*problems associated with similar systems must ba addressed

*design inputs from users must be considered.

Some User Considerationsg for Computers

It is 1likely that many basic human factors considerations found to be
fundamental to good systems design in other applications will be equally
important {in the design of computer-based systems. The human faccors
principles that geem to be particularly imporcant in specifying a
human-computer dialogue include the following (Williges and Williges, 1982):

«compatibility of computer input and output

sconsistency in humar computer dialogue im order to help the

operator develop a conceptual model

ebrevity of input and output in order not to exceed the capacity of

the humaa short-term memory

+flexibility to accommodate both inexperiemnced and expert users

*immediate feedback on the quality of operator performance and the

condition of the gystem
Principles like these have been used to formulate guidelines for the design of
human-computer dialogues. A considerable amount of information is presently
available. For a brief review of these guidelines, the reader is referred to
Hendricks et al. (1982).

Unfortunately, most designers of computer systems remain unaware of the
regsearch 1in this area. "User friendliness"” 1s a popular word now, but few
people realize exactly what it 4implies, and how research can be used to
gsupport the development of uger-friendly design concepts. The editorial
column of che Byte (April, 1983) gives a typical example of such lack of
understanding: “The air is filled with claims and promises about the merits
of each company's products, but nobody knows what makes software easy to use;
the final answer will be in what the people buy.” The situation is. really not
all this bad. Research can suggest answers, and there 13 plenty of existing
information that may be applied to the design of user-friendly systems. The
problem is getting designers to use the available information.

The Need for Training

With increased use of computers comes the need for training workers. The

Communicatcions Workers of America emphasizes several points (Straw, 1982):
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l. The nmassi{ve retraining that must occur if the benefits of a new
technology are to be shared equally will need federal stimulation.

2, When new technology is implemented, workers mist receive adequate
training to euable them to improve their skills to work with new
technology.

3. Vocational and technical schools should update their curricula
so that students are taught how to use the new technology
and how to understand it.

4, Public education at the primary and secondary levels must become
more active., Although computer terminals are uno longer rare 1o
primary schools, they are more frequently found in prosperous school
districts than in poorer districts. If this trend continues, it will
introduce a predictgble bias in the recruitment of labor.

5. Workers and union  repragentatives wmust have access to  all
necessary information wheun new technologies are {ntroduced, This
includes a ratiomale for the technological change and an assessmenmt
of the impact ou total employment, skill requirements, wmeatal and
physical stress, social isolacion, and safety and health.

The answer to some of these demands might actuslly lie in the computer
icself, The flexibility of computer systems allows for human aids to be a
basic part of the system. It is noaot uncommon to see training 1incorporated
into cthe system ltself. This 1s partlicularly frequent 1in advanced control
systems in which inexperienced users learn to perform complex tasks. The
choice of computer gids for human operators, however, should depead upon the
ugers' needs. In some advaoced systems for computar aided training, the
c;mpucer can make {ntelligent decisions by monitoring the progress of the
trainee, Coumputer aids may, therefore, be used less and less as operators
learn the new tasks. It might be worthwhile to develop a short computer based
diagnostic routine for new operators, This kind of informacion exhange could

bring new meaning to the term interactive computer systems (Muckler, 1981).

Working in the Home
The Swedish Llabor Union, TCO, which organizes most white collar workers

in Sweden has disallowed temote work in the home whereby communications are

maintained via terminals. Many peoplé consider this to be a return to
"cottage industries” with the risk that employees are being mistreated,

Compounding the problem is the feeling that reimbursement for remote work
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should be based solely on work produced. This provides the opportunity for
exploitation of office workers (Olsom, 1983). Maybe even more serious is the
social isolation of home workers. The decrease 1in professional contact ig
likely to affect work motivation, job satisfaction, and opportunities for
professional development and advancement (Working Women, 1980). Even for a
manager who chooses to work at home, there i3 no assurance that the decrease
1n human interaction will not affect his or her long term carrier path, since
visibilicy is often a key to promotion (Olson, 1983).

There are other cost-effective altermatives to working at home and at the
office: satellite work centers, neighborhood work centers, and flexible work
arrangements. A satellite work center is a relocation of an organization to a
geographical location selected to minimize commuting distance. Again, there
might be problems of remote supervision and social isolation from professional
peers.

Neighborhood work centers provide another option. Ia this case, remote
supervislion of employees 1is assumed to be effectiva. Employees from
different organizations can share space and aquipment in the work center close
to their homes. This concept might be difficult to implement om a large
scale, however, because it requires a great deal of cooperation among
different organizatiouns.

The most appealing option (maybe the only viable one?) {is a flexible
arrangement whereby individuals can work at home or in the office as they see
fic. Many companies now encourage employees to stay at home when they caan,
thereby removing themselves from the distractions of the office. Likewise,
employees might have terminals at home In order to work at night or on

weekends during non~-peak computer hours.

Impact ofi Employment

The impact of office automation oa employment is uncertain. Although
there exists a great potential for automating various tasks in the office, the
resigtance to imnovation may introduce a time lag in the implementation of new
office procedures that will delay any trends towards unemployment, The
creation of several new computer assoclated job positions will also absorb
many individuals who might otherwise be laid off.

Office automarion will doubtless have an Impact on organizational
structure. According to Goleman (1983), there is likely to be a gradual shift
in the shape of the organization, from a pyramid to a diamond with a decrease

90



of clerical support staff, incrase of professional and middle managers, and an
unchanged number of seaior wanagers. Not necessarily {s this developmeat
unfavorable; several clerical staff members might be promoted into management
positions which will change work organization. Giuliano (1982) made the
observation that the production line approach to office work, which has been
common for transaction-rich offices (e.g. banks, insurance companies, credit
card companies) must be reorganized. Drawing upon uwethodolgies for job
enrichment and Job expansion developed in industrial enviroaments, many
organizations have now recognized the limitacion of production line types of
tagsks. A few progressive banks and other service organizations with many
trangsactions have converted sowe of their departments to a mode of operationa
more appropriate to the information age. The office machines are paced to the
needs of the operator rather than the computer. Instead of exacuting a small
number of sceps for a large number of accounts, one individual now handles all
customer related activities for a few accounts. Each worker has a terminal
linked to a2 computer that maintains a database of all records which are
updated as informacion 18 entered into the system. The clerical worker has
been promotad to an account manager, works directly with the customer, and is
fully accountable to the customer.

For many types of jobs, tedious data imput will probably disappear
entirely, This (s possible by using portable terminals chat can be used in
the field; cthen, field repregsentatives can input all of the required data
in the required format. The information can then be transmitted to the main
office via the telphoue network. The cedious data input work, with operators
inputting daca froam standard forms filled out by the fleld representatives, is
thereby oo longer necessary. Ocher electronic devices such as optical
character recognizers and word processors will doubtless increase che
efficlency of office work, reducing the demands on secretaries and clerks.

Porter, Rossini, Jenkins aad Cancelleri (1982) give examples of three
differeat possibilities for future employment. In the
"displacement - reabsorption™ sceanario, technological  developments  will
displace workers. The process of displacement will have been planned so that
the loss of jobs in one sector coincides with opportunities im others. While
the displacement process 1is not entirely smooth, 'its worst effects are
mitigated by policies such as reduced work weeks, The ilnformation age world
has fewer workers. Howevar, the aumber of skilled positioas are about the

same, though chese require different skills. Because of the declining birth

91



rate, unemployment is low and people enjoy more flexible work eavirouments due
to electronic communications and flexible work arrangements, While
uncertainty remains and many social tensions are unresolved, there is a sense
that the worst is behind aad that the automation process has been generally
beneficial.

The "hourglass" scenario involves a massive loss of skilled jobs due to
automation. The U.S. wmiddle class will be squeezed 1in two directions. A
minority moves to higher cechnical and supervisory positions while the
majority {s forced into the unskilled labor pool, where supply is greater than
demand, These masses of unemployed péople scramble between welfare and menial
work with low self-esteem and little hope for improvement. There 1s a great
deal of political activity among this group poilating toward vevolution, and
martial law has to be instituted.

In the scenario called “post 1industrial plenty”, almost all industrial
and clerical workaers are replaced by automation. Increased productivity is
translated into dacreasad work hours and increased benefics. Retraining and
early retirement reduce mich of the unemployment. There are overwhelming
positive changes, 1ncluding wundersea expl&itatiou gand the dindustrial
development of space, which create an economic boom with increased prosperity
for everyomne. Demanding and undesirable jobs are taken over by automated
devices and robots, and human beings are beginning ¢to contemplate the
importance of non—-economic¢ pursuits, '

Any of these scenarios will require research to develop buman factors and
ergonomics principles for the design of the automated office. Let's hope we
will be prepared.
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