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‘operate equipment was schematic. It was expected that when s'ub_]ects in the
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~like-patterns. .This occurred only weakly, Suggesting that even expérts
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. complete procedures. , . : . .
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g L : _ Abstract.
.. tThree questions were addressed. -in an expg;imenf in“whicﬁ
gubjects followed instructipnd to complete tasks involving several
SRS pieces of electronic equipment: (1) Two instruction formate  were’
compared: a hierarchical menu format coantaining natiurgl chunks of-
. }nstructions was not superigr ovgrall +to 2" simple ,step-by-step .~
v ingtruction format. The. menu format was supérior®only*df the
) subject was familiar with the type of device, and was gometimes’

i ¢ substantially inferior otherﬁ{se. (2) Experts were. compared to
nonexperts, and found to be faster overall, ang able to operate,

-~ equipment with fewer ‘instructions in the menu condition, They

- were also faster wh complex physical actions were"involved.

v Thus, there Weére boih specific and general effects of expertise.
{%) Evidepce wWas sought that knowledge of Nhow to operate e%uipment

wa3. schematic.. It was expected that when subjects in the¢ menu

foymat condition operated a device ' without, selecting ;any .

- inGtructions +to redd, "their sequence of actions should—Correspond

10 stereotyped schema-like patterns. @his occurred only weakly,
suggesting- that eten expertg &Qperate everyday, .devices in a

problem-solving mode, rathet . than by petrieved completé
procedures. . . . i
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How'Experts and‘Nonexﬁerts Operate
Electronic Equipment from }nstruuiions

‘David E. Kieras, Mark~Tibbits, b
. C - and N : -
Susan Bovair

. ~ N ’ 'h' ‘ ] ..*

This repOTt\ﬁescrLbes résults frOm an experiment which was
de31gned to asséss three questions. about ‘how people operate a
‘piace of eguipment from written instructions. The questions- deal’
#ith instruction format, expertise, and the organization of prior
knovwledge, in‘a task in ,6 which subjects , must- - follow a set of .
instructions in order to complete a2 task involving an electronic
device, - ‘ . . :

: . ’ oo A v,

The first question is one of instruction format (see Smith &
Goodman, 1982;.. This is the difference between whether the format
or layout of the -instructional material forces the user t0 execute
each s8tep in order, or whéther the instructions allow. the user to -
pick and choose the material to bé read and executed. - +this
experlment, one group received step-by-step instructions thax were ¢
presentedia single step at a time, and the , subject had 10  read et

-~

every step. The. other group received a hierarchical menu of
J “ingtructions, in which the subject could, ¢itheT execute ths task
_ with only a high level- description, or could request more detail.

In this way, the subject-would only have .to.read the : instructions
that he or she. felt was necegsary . to execute the task. The
rationale of this manipulatlon is, that an expert sSubjeet could
take advantage of the hierarcHT®l menu format, because large
portions ¢f the task would be familiar, ,however, a nonexpert
subject would have to.Jead all of ihe instractions anyway, so the
fenu would not be of any great advantage. Purtherpore, there
~ should be' relatively . little -difference between exgerts and
qnexperts on step- by-step 1nstruct10ns, because in both cases all

hf the steps must be read. .. v _ t

The second question is . the nature -of expertise effects.
/ While- eXpertise” has been heavily studied (see g hi, Feitovich, &

A /! %l_aser, 1981; Chi &sGlaser, in pregs), it has not beehh examined
(B tne Sntext of operating electropic equipment, =2 domain of
grea« practical-. importahce.. Genarally, it 1is expecte that _,

. experts would complete the tasks fas%er, and read fewer st¥€ps in

* . tne menu condition. However, this could depend on the device
under consideration. Only experts wonld be familiar with some
devices, but even tne nohexpertg should be able,to operuzte other
devices easily. Likewise, aVven nonexperts should know sone "things .
about almost any deviceg, such as hbw %o turn it on. Thue, it was .
expected that there would be<22 interaction of subject expeytis&, y
experience with the,<exagt deviees, and the nature »of purticular
gteps in the ;nstructionse The basic question about expertise
~ .

.
- .
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effects is whether thére are general' effects of eXpertise,
wirether they gre specific to the individual devices involved. JFor
this reason, several devices-of w1dely diffsring familiarity were
used. ;

The third quélzlon concernsg the nature of t rior knowledge
that subjects have about devices.- 1In Kier (1982 i it was
guggested that knowledge of devices is srganized 1n the ' form , of
gchemas. These schHemas would. inclufe knowledge not only of how to
recognize a particular type of device, but also its- typical
structure and operating procedures,. If device knowledge 1is
organized by schemas, there should be clear patterns in the data

-obtained in this experiment. Menu choices should follow patterns

that would be éxpected from schematic deyice knowledge. If
subjects operated the equipment entxrely from prior knowledge,
without rdadlng instructions, which happened in many - cases, - then
their behavior should follow some pattern that can be described in

terms 0f device sachemas. ¢ .

.;,'4 . . \ Pa‘g? 5 4

The vasic maJipulations performed in +this study were as

‘fdllows: several devices were used, viich included two every-day

devices, twp devices familiar to only experts, and two novel
devices , f#ailiar to neither experts‘nor nonexperts. The subjects
were either experts, who typically had several years of working
experience in 'electronics, or nonexperts, who were ordinary

college studenis. A .questionnaire was used to confirm the
suujéct's clé331f*cat10n, and to assess each subject's eXperlence
with the individual devices used in the experiment. The two

instruction formats were either a step-by-step format ‘or a
hierarchical menu format. The terminal . nodes. of the menu
hisrarchy consisted of the exact same individual instruction steps
49 were used in the step-by-step format. The variables mnmeasured
were the total completion time for each task on each device, the
completion time for each individual step in the step-by-step
instructions, and in <the menu condition, ' thqqlndivfdual menu
choices, and tneir completion times. The subJects behavior was
recorded .on videotape to allow detailed scoring on the subjects’
act1V1tles whlle performing the tasks.

i METHOD '

Materials - .

- ’
Devices. The six devices used are described in Table 1. The

rudio, cassetts recorder, VOM, and oscilloscope were of a standard.

nake. The phL phencmenon demonstrator was profesdionally built,
but in general construction’ style it appeared to be =2 "home-bréw"
amfitedr job. The phy31ologlcal stimulator is a stdndard piece of
apparatué in a2 physiological psychology lab, but as the ratings

_confirmed it was esdentialry unfamiliar to all subjects. Hotice

that' alli . »f - <4ne ™ non-everyday devices wers relatively
old-fashioned, being from the vacuum-tube era’ The devices were
prepared before presentation %o ‘each subject by setting all

controls to incorrect positions’'so that in order to, complete -the
L) N L . *
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* -~ . Tabde -1 . ' ,
Devices Used in the Experiment /
Device Deacription ’ '
I N e ————— N, Lo
1. Radio S portable AM-FM radio, with built in AC
' adapter, antenna, volume, tone, tunlng,
‘and band controls. . .
d -
2. Recorder ! A portable awdio cassette tape recorder, '
- with keyboard tape controls, red record
interlock key, and volume control. Supplled
, cassette was not fully rewound .. )
- [] . /
A standard wvolt-ohm-milliameter, with a ‘ o

.3, VOM ’

-4.-Oscilbesoq§e

~ e

-5. Phi Phenomenon
, bemonsttrator

6. Physiological
Stimulator

" supplied reeletor to measure._

A dual-trace triggered sweep 0301lloscope
with standard audio signal generator and
connecting cables:

A device that flashes two connected neon
bulbs alternately at various rates and phase

relatlonah;ps - J

A large device with several dial-multrpl1er
“that produce pulses of specified
magnltudexrate, and duty cycles; a neon .
bulb is connecteg ¢o the output to indicate
the pulses. \
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task, each control would have to be properly set. .

v’ Instructions. A major goal in composing the insxructiong'was
to allow the menu and: the step~-by-gtbep instructions to' be easily s -
cogphred to each other. This was done oy preparing the materials
go~ -that the términal steps in the menu instructions were exactly
identical to the steps comprjising the step-by-step ~instructions, °
and were worded and displayed identically. * T '

-
1

.o The menu instructions made up a hierarchy of natural "chunks" ;
of .the operating procedure. .Determination of the chunks was done
intuitively. It is cléar- from some aspects of the results that
gome of the chunks chosen were in fact natural units; however,:
the data do not d&finitively gonfirm the chunk classification,

~ Each get of instructions began with a statement of the task
: that _the subject had to accomplish. This main task statement was
i ! - specific enough that the subject could, if he or she had adequate

prior/ knowledge, complete +the entire  task from just +this
statement. However, the main task statemen% did not desciibe how
the cont;ols on the device. had to be set or operated. Table 2
lists thé tasks j$hat were to be performed on each device, in the’
same wording as £hey were shown to subjects. -

s ' . -

o Subjects

The nonexperts were-. recruited by ‘campus and newspaper
advertisements, and were paid $5 for rticipating. As shown by
the experience questionnaires administere 0 the subjects, only
one expert subject was inadvertently recruited by this method.
The expert subjects were.;ecruited by advertisements directed at
electronics ‘experts. <n all cases, the subjects obtained were
highly experienced in electronics; +the typical expert had several
‘. " years experience as an .eleckironics technician in the military.

Twenty subjects were recruited by each method, but in the analyses -
used below, the -classification was corrected, to ‘yield nineteen -

A nonexperts and- twenty-one experts. Since earlier studies seemed
. ﬁg - suggest that there were s8trong sex differences. among
'neﬁperts, and fﬁmale electropiés experts were extremely hard . to ~
loﬁhte, 2ll subjects nsed in this .experiment were pale. . P
Degign. The instruction format condition was. determined ag\‘ ~
- random for -each subject. Each subject carried out -the six tasks
on tne six devices in the.same instruction format condition.  The ‘.

- ) device taske were done in a fixed order, which is the ordgr in
which the devices ar®e listedl in Table 1. This order was chosen to
present the tasks and dewices in order of decreasing familiarity,
and increasing apparent complexity within each .level ‘of

-~ familiarity. : . " )

1
1
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/ . .
Table 2 S
Task -; Main Task Statement ' ) ’
1. Llsten to ‘Station KUAT~-FM (90.5 FM) at ‘medium volume. on : 7
- the portable radio: .
'? ‘ . 2. Record the words "tegting.'. . 1, 2, 3" on the ‘cassette , - .
’ recbrder,gand play the worda back at medium volime. - . ',
. ) 3. Measure the resistgnce of the r931stor using the volt-ohm
' - meter. ‘ . {
4. Use the 31gnal generator ani‘the oscilloscope to dlsplay_ )
' about two AC wave cycles on th910301llosoope screen. .
5. Yse the phi phenomenon demgﬁstrator to flash the 11ghts - . .
. ,at 5 CPS (cycles per seoond) /- L
6% Use the stimulatof to flash the neon light at a frequency
*of 1, CP3° (cycles per second) with a flash duration of '
<7 seéconds and a delay of .5 seconds. ° . .o '
./ % % " N
* ’ !\
-~ I ) = .
) Vo /
- . : s/ -
A DI, ‘ '
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Apparatus and Procedure - . : < e

. p : N -t :
. LT Bach subjeot was run individually, and was seated in 2 =smail
' room before .a table, On .the right~-hand end of the, table was a
standard video terminal, on which a laboratofy compuber’ displayed
the instructions., The left-hand pbrtion of the table was occupied
‘ by the device. A videotape recorder recorded all of the 'subject”s
//eéiivityn The jnstruétions were’ presented ohe.step or ‘menu at a
time with the subject tapping the spaceé bar "or .tmping =2  choice
number to g0 on tQo the next display. The labortitory computer
¢ recorded the amount of time that the subject left each instruction
step or menu. on the gcreefl. Due to the- nature of the equipment,
'1 ard the prohibitive Becoring effort involved, it -was not practical
to distinguish +the time the subject Qpent reading from the time’
( the subject speént carrying out the instructions. hus- - the.
* laboratory computé¥” was able only to record the complétion time
for.each step, defined as the total reading plus execution time
for the -fnstruction step. Thelyvideotape recording was used to
determine what subjects actually dliugn each step . hE

LY

- f The devices were hronght into the.room one at a'time,‘and the
subject then carried out the task on the device. Whéen the subject
had reached the end of ‘the InstructMmey=the experimenter returned
and checked that the task yad been carried out.correctly, in terms
p of whether the final correct result was achieved. The device was
» - then  removed,  and a2 new device brought in. Subjects.who did not .
, achieve the proper inal résult were asked to repeat the task;
however, the dAta f?om these repeated tasks were later dropped

- from the analy31s. . .o .- ) ¢

3 . -
- .

Due t0 inadeqnate training of .the sexperimenters, on some
trials the‘equipment wag being moved in' and out of the room while
the clock was running, making the ¢completion time fecord of the
firgt wdrstruction unreliable. - It is beliel®d that’ these events
are not confounded with any of the experlmental manlpulatlons, S0
~ the analysis of ‘total completion time would be conservative due to.
. ° the .extraneous varlabllity BExamination of the video tapes shows
at the subjects -were’'visuwalldy inspécting. the devices-while they
were being brought in, and so thesg times reflect the tdtel time
hat the subjects anteracted with the dev1ces 10 cogplete. the

” task. '

L]
. l ; v ',
* [

- y«@fSULﬂs-' A v ‘ : C o

pTy .

Total Compl%txon 71 ‘3?

-’ L%
,

Analysis mezhodf . The total: compbketicn timer for eath sudject

. on eagh - task .“Was calculated as the totzl .elapsed-time from the
. preaentation of the main task statement, until fhe experimenter: had
e confirmed that the task was completed torrectly * Data }gom tasks
' werg Aropped in wihich the sub;ect did the zntire task mgre -than-

.~ ondé, or failed %o do the task at al]l correctly. Out of the total -
0£.2240 task attempts, 14 were thus dropped. Due to thé¢ unequal

. ‘g 8rOUp, sizes,_ missing data, and . unbalanced ‘devics prerience}'

‘ . . IR
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facﬁbr, the total times were %palyzed using etepwi§e multiple
regression.” - o i . ' i .

,

.and - subject's experience ‘with the ’‘individual device were

I5/y-$he eubject'e'ex;ertiee group, - ingtruction format condition,

represented as Qummy vdriables. The devite experience variable
was based on the Queetlonnalree that each subject: filled out. If

the subject indicated any actual usage experience with the device,
then. the device experience dummy variable received a value of one;

, otherwise a value of zero was assigned. The " device factor -was

epresented as a set of five dummy coded variables with the radio
being used as the baseline¥ Following. the methdd suggested by
Pedhazur (1982) for mixed designs, a variable whose value is the

. Subject's mean total completion time over the &ix devices was

included. 'The betweén-subjects factors and interactions were
entered first in the -equation, followed by the subject's mean time
variable, followed by all of. the, wi%hln-subjeot factors ang
interactions~ i analyais was hieFRrthcal, in that main effects
he equation béfore interaotlons .
, » 4

All of -the interactions between sub;ed% experience, device

.experience, and,instruction format oondltion were:* repreeented, buth

only 1nef}uet10n format condition and subject expertise group were
allowed to interact with ihe dewice factor; device experience was,.
not allowed to interact with the dewvice factor. The rationale for
this decision -is that the device experience Variable is aITead{
gspecific to~individyal devices, 80 interactions between individua

-device e&gerience and individual device dummy variables would be

difficult to interpret. . ~

Note- th&t sub;ect expertise and specific dé&lce experience in
these data are only . ellgth}xecorrelated (3- 13), and *the
interaction. between sub;eot expertise and device experience was
not gsignifitant. Thus these two factors make practically
ind¢pendent.contribytiqns to the total completiqn tlmes Two of
the - devices were familiar to everyoné, and.two were Tunfamiliar to’

-almost everyone, reeultl g in tbeee two variables /belng> nearly

orthogonal , L. L N ) ‘/(

. 1th a total of 23 varlﬁbles in the equation and 163 degrees
of freedom in the residual, 81. of "the variance ,in the total,
completlon tifes was accounted for. " This extremely high figure isg"’
dde to two factors: the subject's mean completion vtime ‘accounted
?5r appreayimately 15% ¢f the ~ variance, and the deviee ‘factor
accounted\for adbout 50% of the variance. .This is olearly due to
the,fac at the devices waried subatantially in numben of steps
in -the{ tasks, and thus the completion times vary systematically
over an extremely wide range. The effects to b¢ discussed below
weren all tested for 31gn1ficance at the 5 level, u31n5 the
"P-to-remove" ‘statistic., which is =& coneﬁrvativ estimate of  the-
significance of an individual v lﬁriable as if 1t were the last to
enter the eQuatlon e
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* °, effec¥s that were signifieant. THe subject‘expertise variable was
quite significant; experts were - about one ‘third . faster in
.o completion time than:' nonexpertss , There wa8 no significant main
effect of instruction format condition, @®&ven. though the menu
condition averaged about 30 seconds faster. This means that,
counter 40 intuition, the menu format wad not reliably superior
overall to the step-by-step format. This is probably. a result of
the fact that while fewer steps were rg¢ad in the menu condition,
more materihl has to.be read id additgon to the individual steps.
The device,experience factor was significant; being familiar with
ra specific device led to a 30% improvement in completion time. As
, would be expectedl, there is ‘a very atrong main effectdof devices.

-

Interactions. The ifitéraction bepween device experience and
instruction Tformat condition, shown ig- Table 4, was significant.
The menu instructions are actually 'slower fhan the step-by-step
I instructions if the device 'is not familiar, but substantially

faster than the _step-by-step instructions if the device is’

+ familiar. . Thiis, not only do the menu instruetions allow the user
to take advantage of prior knowledge more than the step-by-step
s ingyructions, but the lack of prior knowledge means that .the extra

"overhead" in menu.instructions, plus mistakes made as a result of

skipping instructions;, actually slows down task. completiOn

.. The intérébtion of instruction format condition’ and~ device,

¢ . . whose means are shown in Table 5, was significant. For the radio,
recorder, and phi demonstrator, the menu condition produced faster
results than the step-by-step condition. However, the VOM,
ogcilloscope, and stimulator produced the opposite effect. This

L]
L)

.Main effects. Table 3 shows the megns ‘for the vdrious main -

is probably due to. the fact that thege are devices which were

. egpecially difficult for nonexperts, exaggerating the effett’ of
’ . the extra matérial in the menu format Table 6, shows the
interaction between devices ‘and .8ubject expertise group, which was
aldo significant. Hege it is clear that the oscilloscope and VOM
were especially hard for the monexperts compared to the experts.
. ! . . ]
* . The three-way ' interaction between subject expéryise,
- r*comdition, and device was significant, and 'illustrates the key
result. The means are shown in Table 7, ~which includes the
percent gain resulting from using the menu instructiorns instead of
step-by~-step, £&r nonexperts and experts .on each deévice. One
clear result 18 that the eXperts benefit from the use of %he menu
- format on all devices except fonr the stimulator, where there is a
substantial ‘impairment in performance. This is probably due to
) the fact that since this was a cOmplex and novel device, +the
' experts' attempts +to .operate it without reading much of the
"t instructions often led them- down '“garden paths." Por example, oné
."éxpert plugged iddicator 1light into the wrong Jack, and then
spending a long time trying to set the controls to light it. With
> ‘the nonexperlts, the two expert-familiar devices, the VOM and the
oscilloscope,| produced much longer completion times in the npeny
. indtructions compared to the step- by—step Since many of the
nonexpert subjects claimed experience in using the VOM, their

longer ., complel ion times in the menu condition may be similar tq
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' Main Effects in Total Time Data, PR
———————————————————— - - ————— - -
Effect ' Means , Sighifi?\ance : -
b~ \Exgertise . o -
" ' FNonexperts .314.0 .o %  -¢ . .
Experts 214.4+ °* . . ) .
" © ” Devicé Experiefice - ~ v, T T T T TooT T e ) -
Non-familiar 319.4 X *% g )
Familiar . . .223.0 . ' -
" - Instruction Format - ) « o . ) ? : oo
Step-by-step . T 274.4 ¢ T . NS '
Meru 247.1 o 3 ’ ‘
. . - r~ ' -
. .Devices . e P - .
‘ Redio ' 1371 oo - -
Recorder . 166.2 v "% o
. VOM ’ . . 256.'8 I ) '
. - Oscilloscope - ’ 511:9 - 4 . . . o .
", Phi Demanstrator 118.8 . .ot -
‘ - o Stimulator - 343.? . \ '
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' ~ : TotaI Time (Secs) as a Functlon :
S ‘ of Device Expertise and Instruction Format. .
' X  Instruction Format P
‘" “Device Experlence Step~by-step ~* ™ Menu . d
.o Not ™ Familiar 'f P 307.8. " 331.0 . ‘.
b, . - Pamiliar o v 25%4.4 . ' 185.1 .
Ll * n ) - ' 3
B
- \ n ‘ '
PO ' . Table 5 ‘ T <
: - Total ‘Time (Secs) as a Function . :
; 6f Instruktion Format and Device
o o s e e e ek ek e e e it e e o o e e e o e _— — P
- K . - Device - 0 4 '
Format - Radiot Recrdr  VOM Oscil PhiDem  Stim
. . . Sy S P U S PSS ————— Y — — —
o . Step~by-step 185 7 .201.3  230.1 504.3 Zéqh5 314.4
) ‘ Menu 88.4 i31.0 297.8° 521.9 167.0 375.5
g w8 1O awTie o219 4670 375
. ) -
wE . ¢
' ¢ -
4 »
) N . : -
L , S . ~
" i ) . Table 6 " ;
., Total Time (secs) as a Function
y ‘ of Subjeect Expertise and Device -
. Device , PR ) )
Expertise Radio, Recrdr VoM Oscil PhiDem  Stim- .
Honexpert 165.8 1 8.7 . 342.8 649.0 230.3 ~367.8
3* . - Expert 111.0 5 1 175.8 396.4 i51. 1.3
A
+ ’ o
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' ‘ ' ' Mean Total Time for each Device, ' . -
v ' i Instruction Pormat, and Expertise Group " .
T R e e e e D .
* Device PN .
o Radiv Recrdr ~ VONM Oscil PhiDem  Stim-
A e e e e e e e e e e - "-! . -
< .
. Nonexpertr - . » :
-~ sStep-by-step 224.3. 216.3 - 270.8 604.% 260.4 {359.5
. . Menu - 100.9 . 168.2 - 462.8 723.6 196.9 378 0
' % Gain 55% 27% . -Ti%  -20%- 2% 58
) Experts « : J ' " y v
l"f‘ * Step-by-step. 147.0 186 .4 189.5 404.4 160.6 1 269.2
. . Menu 78.3 108.8 156 73 387.4 ~142.6 : 373.5
% Gain . 4% 41% 17% 4% 1% . -39% :
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the "garden path" effect obtained for the. gxperts with- the
stimulatér. HNamely, ,a little, familiarity, with a devige is a
dangerous thing; 4t can Ll2ad to " lbnger completion times if
instructions are pot followed. The elevated' time .for these
gubjects in the menu conditien with the osdilloscope is harder .to
explain, L. N o
. o - .

Conclugion. These' results demonstrate that the ,virtues of

the Two instruction formats-&re heavily dépendent upon the user's

" general expertisé and also the familiarity with the specific

device. In general, the interactions sgeen.to be due stly to the
gpecific familiarity with the devigce, as opposed to the subject's
general expertise, That is, the fact that the intericgiion between
devite experience and ,instruction format was significaht, but'_ the
interaction between subject expgrtise and instructign format) was
not, suggests that the advantage of menu instructions |[is a mafter
of —-specific familiarity witk the device,, and [not genersl

expertise. Electronic oXperts may not-do better with the menu:

instruction format unless they have specific familiarity with the
"device in question. Alternatively, if the device is unfamiliar,
experts cap benefit from menu instructions™ if" qhe device is
gimple, such as the phi demonstrator, but not if \it 'is .complgx?
such as the stimulator. - ’

_ On the other hand, the sigﬁifiéant main ‘effect of subject
expertise, ~even with specific device experience taken into
account, is important. Experts were. generally faster ~ than
nonexperts at operating the, "equipment, regardless of its
familiarity. O$her aspects of ¥ results suggest thay this 1is

/ due not just to faster execution of ‘adtiong, and also to better

organized and more efficient actions as well.
- A

Menu Choices ’ ) _ : J,(”

Number of frampes read. Table 8 shows the mean number of

frames (displays of Iinstruction steps or menug) read in the menu
.condition for each group and each device. For example, both

experts and nonexperts read only one frame for the radio, ¥enely
the frame that contains the main task statement, but nonexperts

- chose to read an average of 50.4 frames of information for the

8acilloscope tagk, while experts read an average of only 1.2.

ese data were sSubjected -to a multiple regression analysis -

similar e above one, with the factors being subject
expertise, dewice experience,’ and devices, and interactions of
subject expertyse with.device experience and 1individual devices
were allowed ,” ,The results are summarized in Table 9. “

, There were strong main effects of device, with the VOM,
oscilloscope, and stimulator requiring many more frameés than ‘the
radio, which was taken as the baseline. The key results were that

neither subject expertise nor -'device experience, nor thei;l
interaction, were significant predictors of the number of framed.

read, once the main effects of device and the thteraction of

subject expertise with device were taken into account. As shown

in Table 8, the VOM, oscilloscope, phi demonstrator,’ ‘and

. 18 C oL
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'Tabie g8 - L - L
’yean Number of Frames Read in the Menu Condition &' = )
for Each Expertiéé Group o 4
——————————————————————————————————— et e e B e e e e ey R
Group o Radio Recrdr .. _ VOM . Oscil PhiDem Stm - - -
——a..-, ————— ——— —— P, A s # o
o Nonexperts , 1.0 1.0 32.5 50.4 -+ 18.2 47.8 !
= . & ) - S '
Experts-ﬁ-_ 1.0 1.0 7 T3 1.2 3.4 21.9
o SO S O
. .."- ’ Vi } ¢ '
- . =, -
'r{i;’"é& o )
' Table 9
ﬁﬁégresa1oh Analysis on Number of
) ramés Read in the Menu Condition
____......_...______.___..__...-.,.__._ _...__._—_..;.._.__:..—————_.....-.—-__._________..__
Variable ° Coefficient Std. Coef.*' - . P-to-Rémove
i CONSTANT % 10.1 .
. ~3UBJECT EXP. - 0.0 ‘ , .0 & 0.00
~ .  DEVICE EXP. -9.1 . Co=2H 3 99 *
, DEVICE 2 8 0. -.0 "
- DEVICE 3. g 29.5 _ .516 45 40
DEVICE 4 L@ 46.5 [ .83%9 ~ - 113,19
DEVICE 5 ¥ 9.1 % .184 2.49
) > DEVI{E 6 38.7 ¥, 151 43.98
SUB EXP X DEV2 0.0 AP A 0.00 ‘
SUB EXP X DEV3 -26.% ° _=.360 20.82
. SUB EXP ¥ DEV4 -45.3% -.618 61.52
_SUB EXP X DEVS -14.8 . -.224 8.68 *
SUB EXP X DEV6 ‘l -25..9 -.3573 25.15
) S
Notes ' . - . ' .

» —— -

R2 is .85 with 12 variables and N=107. Device ! (Radio) is
used 28 the baseline for dummy codlng of Device factor.
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- ¢ . stimpulator all required many fewer frames for experts than for
nonexperts, The main| effect of device experience was marginally
gignificant. Thus, itJis clear from thege results thate® the menu
condition allows experts to benefit by permitting them to’ read
only a few frames. ’

. R *
Choice Patterns. JThe gspecific patfern of frame c¢hoices for
each device was considered in terms of the menu hierarchy for each
device. fhe intended organization of the menu instructions was
that the 1levels in the hierarchy would corr€spond)to the natural
chunks in the operation of the device. However, cohtrary to the
goals of —the experiment, the evidence to support this claim is
very limited in these data. In-order for ' thére to be natural
chunks in the operation of the device, the device must he familiar
to the subject. However, if the device was fairly familiar to the,
subjecm the subject would need to read very fevw frames, often’
only the main task statement frame, and thus there would be few
choices to reveal which ~portions of the menu hieraschy were '
familiar and which-were not, Perhaps different devioces would have
- yielded more useful data. )
0 . 'n
However, there were some interesting patterns in the choices.
Figure. 1 illustrates the b&st example. The figure shows the menu

hierarchy for +the phi demonstrator in simplified form. The
. terminal portions of the tree consist of the sequence of actual
steps that were identical to the step-by-step instructions. In >

each box 18 shown the .proportions of nonexperts and .experts who
tead the material in the box. Thus, for example, the top-level

box corresponds to the frame that states ¢he main task. Almost |
all subjects then read the m@in menu which contains four items:
powerinmg up the device, attathing the lights, setting the mode,

and adjusting the CPS dial. However, only 40% of the nonexperts -~
and only 10% of the experts felt it was. necessary to get the more, -
specific information about powering up the device,, and almost none '

of the sSubjects required the step-by-step instructions about how

to plug in the device and turn{it on. The other devices that also
involved these steps ®also ad, this general pattern. Very féwv
subjects, even nonexperts, requlred the specific -ingtructions: on
plugging in and turning on the device. This was true for the
ogcilloscope and signal generator combination, and also  true fbr

the stimulator, which was a very complicated and unfamiliar
device.

Another effect that appears in Figure 1 1s>the tendency fori
nonexperts o learn while doing similar actiyities. Notice how!
50% of the sfibjects required +the step-by-step instructions for °
plugging in 1light A, but only 108 of them went on to read the
instructions for how to plug in light B. A similar effect appears
in the -oscilloscope task, in which fewer nonexpert subjects
required the instructions for plugging in and turnlng -om~the T
gsecond piece of eguipment than for the first piece of uipmenti.
The obvious implicatbtion ¢f this effect is that subjects are nody
sihply executing “these instructions as they read them, and then
forgetting the instruction content when they proceed to tM . next

/ instruction. Rather, they seem to be able to take the content of

20
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Figure 1. Proportion of menu choices made at each menu level for experts (E)
and nonexperts (N} on the phi phenomendn demonstrator, '
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. one instfuction and generallze it immediately to apply %0 a =

similar situation. However, these results are too limited to shed-
much light on this issue. Further wo?k is clearly needed. -

+ Step Completion Times - . o ' T,

-Analysis method. * A regression analysls was done b0y determine .
which factors prediqtﬁhe amount of time taken to complete .
individual steps in the step-by+step condition. The -videotape, ¥ .
gcoring was used to eliminate the times for individual steps that
we;j defective. In addition,*the times on the very first step. in

the/ instrtctions were not included since.in some case these
tiMes were gbntamindted as described above. This left a % tal of
3008 "indjv»idual step times for the analysls Each instruction
step was classified according to a set of categories, .shown in “
Table - 10, which are the general types of actions stated by the
instructions., These categories were each represented by a dummy
variable, with thé ISIMP category‘%“tﬁg uged ag the baseline. The T
video tapes for each subject were scored according to the action
" actually carried out by the subgect on each step. The scoring
categbries for the actions are shown in Table 11. These were also
represented with, dummy variables, ‘with SKIP being used as a_
& baseline., In order to-examine +the chunking gmroperties of +the
step-by—sfep instructions, the variable MEN®was defined, which
reflects the proportion of timeg +thag subjects in- the menu
condifion read the corresponding step.-.This variable fook on a
value that depended on whether the subject was an exfert or a
nonexpert. If +the subject was an expert, then the value of MENU
was the proportion of experts that viewed the corresponding step,
in the menu condition. Likewige, for a" nonexpert, the MENU
variable was the proportion of nonexperts that viewed that
instruction. . '

An additional variable that reflected ' properties .of the
instructions 8 the number of words in each instrucéion. This ’
vaTtiable should not be taken to reflect comprehension time, =since
its coefficient is far too large,' rather, it provides a crude’
measure of the overall amount of infdrmation in +the instruction.

Additional variables tered into the analysis were the subject’s
expertise group, and t%%,ﬁ@vice experience variable, as described
above . The subject xpertigse variable was allowed to interact

with all of +the instruction characteristic wvariables and the .
action variables. As before, the order of entry in the stepwise

(::» analysis was hierarchical, and the conservative "F-to-remove"
statigtic is reported ‘Fidally, sknce this was a mixed design,
"the subject expertise® variable was entered into the equation
first, fozlowed by a subject mean variable, <then by the
within~subjects variables,.

Step time résults. A summary of the analysis is shown in

Table . T2, Note that the coefficients must be interpreted in terms
of the fact that all ather factors are in the equation. There was
a substantial effect of subject expertise (SUBEXP), in®hich
exper®ts read the instructions on the order of ).6 seconds faster
per .step than nonexperts. Also, the step times differed

N : ; 22
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Dumgy Variables Used-to Code Instruction Centents .

e e . e o s e s e s VD s B PP R — ~ ————
.

Variabie Descriptioﬁ"ﬁnd @xample

ILOC | Locate a pdrt of tgg device (locate the power switch) )
I1ADJ Setting a.control (turning knob t& DC) v .

ISIMP - A simple.,action (flipping a switeh)

IEFFECT Adjusting a knob to produce a certain effect ’ o .
' \ (zeroing ohuts scale? 7.
ICGMPH A complex physical action (plugging in a cord) ’

LIS ‘;EXPH A complexX physical action famlllar t0 an expert .

. . (zeroing a meter)
____________ /?___,_ - [RRSVURPEEY Uy S URpUSPE. Yy SRS S S S S S - p——— P

. .

Table 11 . .

Dummy Variablés Used to Code Subject's Actions ‘
¥ariables ° Descriptlon P .
________________________ A 1 e s s s T o 0t s e e
Do - Action semé as instruction
SKIP . No action carried out . )

. LOOK - SBubject looks at device e \
Loc - Subject "ldcates" a. part of device
‘ (e.g. touches it)’ »
ACT Subject engages in some action other than above t
——————————— ——— T ——————————————————— i —— e ——— . T ——————————— " ———— —— j_
L g




Tabvle 12 LA
Regressianr Analysis on . ©

Completion Times for each Step in
the Step-by- step Condition

Variable ' Coefficient Std. Coef. . F-to-Remove
CONSTANT - -15.45" T . '
SUBEXP C=INGS T ) -.110 36.96
SMEAN 1.00 _ <o w249 : - 242.29.
DO . 4010 , w277 o ’ 9.54
Loc - . 2.46 co 139 ‘ 4.55 =
ACT T¥30 . # .188 129.20
ILOC 1.86 ! .126 , .0 543 0
. ‘IADJ ' 4.60 ' 116 45.99 -
IEFFECT . 3.16 | .093 . 18.92
WORDS < .57 339 366 .98
1COMPH 14.46 247 154 .99
IEXPH 6.42 .156 . 42.66 -
EXPCOM . , X -5.52 | . -.065 it.19 . °°
EXPXPH . =5.78 -.100 ) 24 .31 ,
MENU -~ i ©.091 8.59
i :
Notes

JII%S with 19 variables and K= 3008 FPive wvariables
are not sh@wn vecause the F-ratios were nonsignificant. See text
for explanation of variableB. Values for SUBEXP are based on only
SUBEXP in +the _equation, %bvefore SMEAN and the within-subjects .
variables are added. .
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substahtially depending both | onflw 1ch actions ,that subjegts.
actually performed, and also in the pr opertiea of the 1nstructxons '
themselves. - This-, result "in itsel& not too surprising. .
However, it Iis noteworthy that two of the atrongest (as shown bg,
the standardlzed regre381on coefficients) instruttion factors .are,
* * the number. of words ‘in the insiructi'on (WORDS); and whether “the' <
instruction req@ired a complicated plysical act1v1ty s (ICOMPH ). g
~—_— Instructions that required physical .activities that are fdmiliar
only to experts, such as adjusting the zero adjust sorew on. the <A

voM (IEXPH), also took significantly longer,-even thouZh sich
| caBses were fairly rare. '

. _The key results are the interactions of expertise with two of - .
~ © the "instruction characteriatics, namely, complicated physical )
activities (EXPCOM), ' and’ expert physical activities (EXPXPH).
This suggests that not only are experts faster across the board,
but they are especially fast at certain complicated physical
activities. -Informal observation 'of the video tapes seems to
confirm this. Nonexpert subjects often 8pend a 1lot of <time
umbling with cordas ahd connectors, while experts seem to know
kxacply what they are doing in these physical activities, and
proceed smoothly and, precisely.

An additional key result is that the MENU variable was

significant. The .coefficient means that with all other factors in

s the "equation, a step that .was always read in +the menu condition

took about 1.7 seconds longer +than one that was never read.

Assuming that +the menu choices reflect’® the  familiarity of

procedure "chunks," the amount 5f time taken to complete a step is ..

thus a function of 1its predictability on the basis “of prior. -
knowledge. %

Ll

Knowledge-based Operation ‘ o o,

" In Kieras (1982) it was proposed that people's knowledge of ,
e P 2 electronic devices is organized-as a-hierarchy of schemas, which
would contain, among other things, schematic information on.how to
operate A the corresponding class of 'devices. It is natural sto
suppose that just as 'a- story schema specifies +the order of
appearance of items in a story, that a device schema would specify
* the order of the steps for operating the device. Thus, when
subjects oJperate a device ©based ondy on their knowledge, there
would be a stereotyped sequence of behavior corresponding to the
trocedur schema for operating the device. Some of the data from
tne menu condition was suitable for examining this issue; there &
were many cases where subjects attempted to operate the device
sfter receiving only the main task Btatement, without requesting
furtner 1nstruct10ns .

Ana1y81s,method.~ The videotape record of the subjects’
behavior .was scored in terms of the individual activities that
subjects performed, such as operating & certain control. Data
werd dropped for subjects who got confused in the task or did it
incorrectly in some way thet would invalidate the data. Both

» experts and nonexperts all operated the radio and cassette .

kl

ERIC v 2




. =

.‘ o V. .‘ ' o. -¢ "l - .‘-l ... - -
) . . . SRS .o N S S Page»14,

4 I " .7 . ro- 4"

recorder w1thout any furthér 1nstruct10ne 1n ghe/ menu condltion
Seven experts on .the radio. and nine: nonexperts- wete thus
avallable «For th& cassette- racorder there :were..eight asgble . . ., .
behavior seguences from each .group. With ehree other devlges‘ -
only expérts operatdd ‘the device without 1nstruct10nsﬁ For, the: r

" VOM, . qscilloscope and signal generator ‘combinatien, and thé phi * - -~
Phenogenon demcnstrator there’ wgke five, eight, .and ‘eight such

subjects. éﬁ ~ ! N
: . The method of analyzing this seguence data was _to, logate: e xF
sequénces of aktivities that ‘ocgurred ai -leadt®twics, and then’'., . °
express the sequences. that swijette performed w1th ~a8 few terms &% -
-7 " posgible by referring\ to these common sequences. Mgre ' - .
gpecifically, the sequence data was represented ag a transitijdn o,
ndswork , tree diagram; in Wwhich "the nodes uepresent elther,
individual actions or action ”subroutines," and- a "single ,path
N through the tr&e diagram represents the activities of a 91ngle -
r . » subject. .3ee Figure 2 for an example. Each actlon is: represented .
- by a two-letter symbol, and action subroutines by ‘combinatidns of , ‘
these symbols. The depth of ecombination 1is "indicated by 'the A o
notation; concatenated ~'symbols arg’ the shallowest level, wlth .
brackets and parentheses indicating eeper levels of sdbrontines '
‘ In order to construct this tran81t10n diagram, all ctlons
‘. except ,specific centrol opérations were deleted from the behavior
stream., Thus, for example, activities of locating ({(touching) a
* control, “‘or looking at various parts of the device were dropged |
* frop the analysis.  The resultlng gequences were then ‘'subjected to
? 8 sprting process in which common sequences were identified and
then the data regrouped  according -to the sengnces, and Z%he
process regpeated until no more sequences could be formed.

Once these sequences were defined, the behavior patterns Tor

.2ll of the subjects could be rewritten as a tree diagram, in which " F;
all subjects begin at. the or1g1n and then branch out agcording - to ° .
&g first action or seguencé subroutine that they perform, “and i

hen branch out further depending on their individual dctiong. |

-' Bince all sub;ects eventually did sohe action that was different
from that done by any other subject,- eventually the trees all had
* the éame number of branches as there were subjects. .

Pattern results. In Figure 2 is shown the’ top level dlagram
for the  sequences for the nonexperts bnd experts on the°radio.
Notice _how the nonexpert network seems to be "bushier” than the
expert network, and also appears to have more different

’ . subroutines. Beyond the preference for initially plugging in and .
turning on. the. radio, there seems to be little in the way of an - 7
interpretable pattern £n the nonexpert sequehces. However, thered C
is a basic pattern %o the experd sequences. The subjects who..’,

k\c) followed the bottom two major branches first "set up" some portion/

of +the radio before turning it on. The.subject following thc
upper branch turned on the radio immedlately and then proceeded : ./
make a series of adjustments té it. Thus, even with as simpl a / '
/ device as a radio, there seem to be two major methods of operating /*
~ it:  the  first is se%ting it up and then turning it oh, foll?wed

LI ' * *

-

ERIC o 26 ©




- - ' ~ . . [ _
] f ' [}
3 * * ‘ ‘ .
- - ) ‘ .
v'"\- ‘. " ——
: & ) 'L !
- v ’ <
HONERPERTS : , . ' T Rﬂ ) ‘ . ( .
- % - -
, . ey gl Pe-pov1] Ea. . {Fa~(TnV1-TnV1) j— aTop .
:} . \ - N . i ' <
- : 4! Tn - - grop .
) ) , » :
[PcPa-(Tn—Po(l-‘In-Ba)]TTn z Ra o= [Tnvl-?n\fl]——-;[Tn\fl-Tn\'l;]-—-—-STOP
) L t— M STOP
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PcEaPs [po-virn} — : : STOP
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f

a

Peczplug in pover cord ) PozTurn pou{er *:m\j Vl=adjust volume c'bckrol - -
Fs=select FM band . Eazextend antenna Tn=ad just tuning . . . . ‘
To=ad just tone control Pf=turn power off Razretract antenna - .. = .
tn , . . .
- + >
.P' . o ! L
Figu_g,e 2.. Behavior sequences for expert and noneépert fsubjects }

« operating the radio without imstructions. ' :
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by adjueting it; and the'eeceﬁg is turning it on, then.setting 'it_ﬂ‘,
up and adjusting it. 'Within each of these two major patterns,
therexare many minor, variatlone. ¢ '

b ~—N\ A, similar apparent difference between experts and nonexperts.

A appears with the cassette recorder in Pigure 3.. Ovgrall, the

experts appear to produce shorter and simpler seguences than’ the

- nonexperts Thus' the experts in both the radio and the tape

’ .recorder appear, $0° have more consistent and shorter behavior

eequencee. Some quantltatlve comparisons between the expert amd

. nonexpert transition networks were very . intriguing, buj noneg;of
bhem 'reached .statistical significance. _

It gﬁould be noted'that some of the compiexlty of t tape
recordér ‘béhavier sequencee(is probably due to the fact that the , -
tape cassette. .was. deliberately given fo the subjects in a

- condition in which it was not fully rewound. Since the subjects!"
task was t0 record "testing one-twb-three!" on._.the %ape and piay’it
back, this confused some subjects if they rewound the tape all the'
way baqk after recdrding as one, normally would. hus, some®
gubjects, even experts, had to hake more.than one ttempt to
recor&“the tape. Perhaps this complexity is a reflection of the

. “fact that -the ?tape recbrder was not left in a echematic state,,
¥ that is, the normal- state for a tape cassett® is that-it is fully”
" reuound =, . r .

-

3 . .
. SAn 1mportant conclusion is that if tﬂere < is an appareg;a
<difference betweer experts and nonexperts, even B9n these ‘everyday
dewices:, theh eXxperts are dbetter even at operating everyday
. e devigces - than nonexperte This presents a.serious problem for
future studies of ‘electronics expertidge, because it suggests very
gtrongly that naneXperts ¢an not. be used ag subjects of such .

' etudlee even if very famlllar devices are used : - i

Ly ’ T

e A further result that follows from awr exdmination of ; thesé
two networks, and was also clearly apparent with .the other devices

is that there is in fact very little stereotypy | in the ~specific

behavior sequences. Figure 4 presents the transition network for
the five experts using the VOM. Notice that <the number . of
gubroutines ig quite small, and there 13 an almost 1mmed1ate

. branching of the tree into uniqye pethe, one for each subject.

-
- L)

Because of the extreme length of the . sequences for- the
oscilloscope and signal generator combination, Figure 5 pregents a
truncated and condensed version’'of the full <trensition. network.
For ~example, the term CRT means any control activities havina to
do with adjusting the CRT trace on the oscilloscope, which could
1nvolve any sequence of the five controIs Likewise, TB refers to

*any sequence involving adjustmentes to  the 0901lloecope s time
base¢, which also involved several controls. It should be noted
that even after this extreme condensation the paths through the

', network wgain branch into unique patterns very quickly®* The phi
phenomenen demonstrator in Figure 6 'also shows a relatively guick
branching into unique paths.

+
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R
Figure 3, Behavior sequences for expert.and nonexpert dubjects operating ) .
the cassette tape recordery . ! '
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BXPERTS - : ' .
GEN— CON— CRT™S. TR .. B .

e OR wer ¥V I=ree ORToenB — CRT 1B CRT—1B— VI ...
+ ARover M1} ’ \v: B CRT—.. .
i CRT—1B —— CRT—1B——. . . )
COI‘I——-’IB-— CRT——. .. ’

CR‘D-—TB-—-— CRTa—— . v
COR—GEN——COK =—Titrn-on-cgec

START

lug~in~both

. .

CR? ~——TB ~——Turn~on=gen=——...
cver-upe-gen——— GER——Pover~up~ose = CRT =——COH——CRT—1TIB— ... . ! .
GEH=ad just generator controls CGRT= t CRT controls TEasdjugt time base controls

VI=adjust vertical input cdontrola (ON=make comnectiona
Power All=power up both t.mitg Power-up=plug i{n ahd turn on .

Figure 5. Highly condensed behavior sequences for experts operating
the oscilloscope.




fage 6

Lack of fixed procedures. The fact that on the vwhpole there
ig very Tittle stereotyped- behavior seems to disconfirm the
hypothesis suggested above, which is that device schema knowledg
tightly specifies operating procedures for devices. However, i
should be pointed out that there are some stmong consistencies in',

at least the initial stages of oper&trng at least some of the }

devices. For example, with the radio {Figure 2 ), all subjects
plugged it in first. With the ®recorder, roughly half of the
experts and nonexperts plugged the device in 'as the first step.
With the oscilloscope, most of the subjects plugged in and turned
on both the oscilloscope and the signal generator before going any
further, but there were-some subjects that performed only part, of
this operation before proceeding. Likewise, mnotice that many
subjects, after performing. the power-up Operationg, went on %o
connect the two.-devices together before proceeding any further.
Pinally, with the demonstrator, again mdst of the subjects plugged
in the cord first, although some of them pkug in all of the cords
and connectors before turning on the device.

j

The VOM presents an interesting contrast® because it does not .

have to be, plugged in and turned en. Notice th there is very
little etereotypy in the sequence of activities. ONe might- think
that inserting the test leads would be the natural first step, but
only two of the five subjects did this. Or one might think that .
adjusting the meter to zero would be a natural first step; only
one of the subjects did so, although it should be noted that this
is not a routine operation in the normal use of a meter of this
type. Thus, it appears that there is some stereotyped behavior,
but it is limited +to some of the very initial stages of device
operation, and concerns mainly "power-up" procedures. If people
indeed follow schematic procedures, these procedures are of such a
limited and varied nature that characterizing them as. schemas is
of little value. , i

How subjects operate from memory. This lack of stereotypy

. requires explanation. Closer examination of the task situation of
‘operating a device from memory suggests that the expectation that

device operation would show stereotyped orders_is not reasonable.

- That is, although the deviceg were representatives of a very

familiar type of device, such as a radio, the likelihood, that an

individual subject had' actually had extensive practice with

operating this particular make and modeél of device is essentisglly
zero. To some eXtent, every device was a novel device to every
subject. Thus, none of the actual skills of operating the device.
would be highly automated, bechuse this would only be the case if
one were familiar *with the specific location and pPoperties of the
particular deV1ce Thus, subjects were essentially operating
these devices (d problem~solving mode, instead of a memory
retrieval mode. Once the problem is looked at in this light, the
lack of stereotypy in the behavior becomes clear.

In any actual device, there are constraints that are imposed
by the device on the order in which things are done. TFor example,
on an oscilloscope, the intensity control must be adjusted before
a .trace can be seen, and the oscilloscope .can not . be used until

J4
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] Figure 6. Behavior sequences for experts operating the phi phenomenon demonstrator.
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.the trace 1is visible. Before 'zhe intensity control cah be
* properly., adjusted, however, the oscilloscope must be turned on.
Thus, for any devxce there are some constraints on the order of
certain _operations. However, even for relatively simple devices,
such 28 & radio, these constraints in fact specify very little of
the exact order of operation; many steps are independent of order
given that the overall constraints are met. For example, the
radio tuning can be adjusted at any timeé, but most usefully after
the radio is audibly playing. Thus, referring to Pigure 2, there
are many differemt orders in which the expert subjects operated
the controls on the radio, and- there is a unigue path for every
subject. ‘However, all of the subjects succeeded in operating the
radio, and typically with very little wasted time-or steps.

Conclusion. The best characterizatlon of operating a piece
of - equipment from memory seems %o be that .subjécts perform
'problem-solving by .detergining what constraints need to be
safisfied along the way,. and then operating the controls in a
manner that meets the constraints and accompllshee the task, but
does not necessarily follow, any prescribed order. Since a major
congtraint is that the device be operating DVefore it - can be
adjusted, +there is a strong tendency for "power-up" steps to be
done*first Since these data involve only a single observation on
each-subject in each device, it is impossible %to tell whether each
subjéct was.following an individual stereotyped sequence, which
sesms unlikely. However, it is very clear that device operating
sequences do not have a ‘major property of schemas, namely,
Btereotypy of content. - .

The larger implication of this conclusion is that even though
experts can operate even .complex pieces of equipment completely
from prior knowledge, they do not perform +this by rote memory
retrieval, but rather by & very general problem-solving process.
Por example, the best characterizftion of what +the experts did
with the oscillosdope is that once they had it plugged in, turned
on and connectgd with & signal generator,.they made many pasges
over the contfols making various flne ad justments in all® sections
of the oscilloscope until they had* achieved the final desired
result. . Many of the operations were undoubtedly.redundant from a
strictly technical point .of view. However, these general
. processes are powerful enough that the experts.could operate the
completely novel device, the phi phenomenon demonstrator, without
any instructions, and quite often without any serious mistakes or
wasted actions

—

The general conclusion is that expertise does not consist of
& set of canned procedures for operating different devices, but
rather of a set of ' powerful problem—solving heuristice which can
be applied to even novel devices, but which are not very efficient

even witﬁ familiar devices.

4
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| SUMMARY @ s

The introduction listed thvee questions .that this expériment

was designed to address. Theése concerned the instruction format,

the nature of expertise effects, and the nature of the prior

knowledge that people would have about electronic equipment. This

experiment yielded information about each of these three questions
which can be summarized as follows: '

Instruction Pormat. Contrary to intuition, the menu format
vas not better overgll than the qﬁep—by-step format; which format
is -superior depends on the wuser's experience. Under some
conditions the specific experience with the actual device involved
can be more important than the user's general expertise If the
device 1is fasiliar, the menu format helps, as would be expected,
by qe&ﬁbing the amount of 4instructions hat must be read.
Subjects tend not to read familiar steps ch as descrigtions of

"how to power-up the equipment which everyone knows, nor do they

read descriptions of procedures that are very similar to ones they
have just-sompleted. IE a device is not familiar, the user can go
astray, d the result may be much worse than using step-by-step
instructiéés in terms of total completion time.

- Expertise Effects. Exper{ise had "both specific and general
effects 1n <viese results. Experts were faster overall, both .in

*the menu and t1e¢ step-by-step conditions. But experience with the

gpecific devize can be as important as the general experience.
The experts were more efficient than the nonexperts in terms of
being able to carry out complicated physical activities. Although
everybody knows certain things about electronic equipment, such as
how %o turn oa a device, even on everyday devices the experts are
more efficient and more consistent in their activities than
nonexperts. .

Prior knowledge of electronic deviceg. It was prop
since” people apparently have schema knowledge
evices, that they would also have Kknowled i schematic
procedures for operating devices. A primary aracteristic of
such’' schematiz procedures would be a high degree . of
stereotypicality in- how the devices were operated when subjects
did not choese to_ read instructions. This expectation was
contradicted oy the -  data; there was very little stereotyped
behavior when subjects operated the devices stri tly>6h Yhe - basis
»f their prior knowledge.

A more ac:curate assesSment is based on making a digtinction
between what people do when they have a highly automated skill at
operating a particular piece of equipment, and the ability to
operate equipment in a more normal setting in which every piece of
equipment is familiar, but not highly practiced. In this case,
what subjects do is +to engage in complicated problem-solving
strategies, where +the individual operating etepa meet 1loose
constraints that are imposed by the nature of the/device, .but do
not otherwise fall into a strict stereotyped sequence. This
problem-solving strategy is very robust but it ig inconsigtent

L]
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between individuals and can be inefficient. ZExperts clearly have
much more powerful strategies ‘than nonexperts for operating
devices on the basis only of prior knowledge, but in the case of

- unfamiliar equipment, their performance may -actually be
congiderably poorer than that of nohexperts who are following .
strict step-by-step ingtructions. -
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