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Abstract.
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t' :Three questions were addressed -in an experiment in-'wnicti
subjects followed instructipnt to complete tasks involving several
pieces of electronic equipment: (1) Two instruction formats ,were.
compared: a hierarchical menu format containing nat4r4,1 chunks of
instructions was not superior overall to a* simple ,step-by-step . ' '

instruction format. The. menu format was superior9only'kf the
subject was familiar with the type ofdevice, and was sometimes'

t substantially inferior otherVise. (2) Experts were.00Mpared to
nonexperts, and found to be faster overall, and able to operate,

. /' equipment with fewer -instroctions in the menu condition Th'ey

-were also faster whey Complex physical actiorls were 'involved.
Thus, there were both specific and general effects of `expertise.
(3) EVIdence xas sought that knowledge of how to operate quipment
waa. schematic, It was expected thalt when subjects in thr menu
fOymat condition- operated a device without, selecting any
i'structions to read,their sequence of actions should-correspond,

, to stereotyped schema-like patterns.. 'this occurred only weakly,
suggesting. that e'en experts everyday, :devices in a
problem-solving mode, rathel than by retrieved comp/ete
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How Experts and'Nonexperts Operate '

Electronic Equipment frdm Instru%tions

David E. Kieras Mark'Tibbits,
and

Lean Bovair
to

Page 4

'

This repoTt\descrtbes results from an experiment which 'Vas
designed to assess three questions. about loW people operate a
'piece of equipment from written instructions. The questions deal'
with instruction format, expertise, and the organizationof prior

tkno4ledge, in'a task in which SUbjects. must follow a set of
instructions in order to complete a task involving an electronic
device.

I
'. , .

,The first question is one of instruction format (see Smith & ,

Goodman, 1982)- This is the difference be,tween whe.ther the format
or layout of the instructional material torces the user to execute
each step in order, or whether the instructions allow the user:to

. pick and choose the material to be read and executed. In,this
,experiment, one group received step-by-step instructions that Mere '

presentedla single step at a time, and tkessubject had to read
every step. The other group received ailierarthicea menu of' .

'instructions, in which the subject could,either execute the task
with only a high leveldescription, or could request more detail.
In this way, the subject' would only have 4o .read the :- instructions
that he or she. felt was necessary. to execute the task. The
rationale of this manipulation is, that an expert subjeet could
take advantage of the hierarcffeid menu format, because large
portions 9f the task would be familiar., ;However, a, nonexpert

.
subject would have to, tread all of the instructions anyWay, so the
denu would not be of any great advantage. ,Purthermore, there

14- should be' relatively, little -difference between experts and
Onexperts on step-by-step,indfruotioris, because in both cases all
of the steps must be read. . .

, .

. t

. . .

is'The second question is .the nature -Of 'expertise effects.

/

While. expertise' has been'heavily studied (see Chi, Peitovich, &
1 "I..aser, 1981;4- Chi 8T,IGlaser, in prep's), it his not beek, examined

.n one eiteit. of operating electronic equipment, a domain of
great pr tical importahce., Gel4rally, it is expectete that _,

experts would complete the tasks taster, and read fewer s ps in
tree menu condition. However, tilts could depend .on the device
under consideration. Only experts wouldtbe familiar with some
dqvices* but even tne nohexsprts should be able/to operate other
devices easily. Likewise, even nonexperts should 'know somethings
about almost uny devic, such as hbw.to turn it' on. Thus, it was
expected that there mould be n interaction Of subject expertise,
experience with the,exadt dev and the nature of kitticular
steps in the intructions The basic question about expertise

to

4
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effects is whether th4re are general effects of expertise, or
0

virether they are specific to the individual devices involved. /For .

this reason, several devices'of,widely differing-familiarity were
used. ,

**1

The third question concerns the nature of the prior knowledge
that subjects have about devices.- In Kieris (19'2) it was
diuggested that knowledge of devices is organized in the 'fbrm, of
schemas. These schemas would. include knowledge not only of how to
recognize a particular type of device, but also its typical
structure and operating procedures. If device knowledge is
organized by schemas, there should be clea'r patterns in the data

-obtained in this experiment. Menu choices should follow patterns
that, would be expected from schematilc device knowledge. If
subfects operated the equipment entit.ely from prior knowledge,
without no-W.-ding' instructions, which happened

i

in many% cases,. then
their behavior shpuld follow some pattern that can be described in 1-
terms of device schemas.

The tasic manipulations performed in this study were as
follows: .several devices were used, which included two every-day
devices, tvi,go devices familiar to only experts, and two novel
devices Millar to neither expertsior nonexperts. The subjects
were either experts, who typically had several years of working
experiende in. 'electronics, or nonexperts, who were ordinary
college students. A .questionnaire was used to confirm the
subject's classification, and to assess each subject's experience
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
hierarchy consisted of the exact same individual instruction steps

yw as were Used in the step-by-step format. The variables measured
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,' the individual menu
choices, and tneir completion times: The subjects' behavior was

I recorded on videotape to allow detailed scoring on the subjects'
activities vihile performing the tasks.

.

?.;

.Materials
4

METHOD

Devices. The six devices used are described in Table. 1. The
radio, cassette recorder, VOM, and oscilloscope were of a standard
make. The,phi. phenomenon demonstrator was profestionally built,
but in general construction'style it appeared to be a "home-brew"
aM4t,edr,job. The physiological stimulator is a stsiodard piece of
apparatus in a physiological psychology lab, but as the ratings

.confirmed, it was es8entialay unfamiliar to all subjects. Notice
that all . of tne Lon-everyday devices were relatively
old-fashioned, being from the vacuum-tuba era: The, devices, were
prepared before presentation to each subject by setting all
controls to incorrect positions's° that in order to, complete the

t
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. Tabie
Devices Used in the Experiment

Device NSdription

1. Radio ,A por.table AM-Wradiar- withibuilt-in AC
,adapter, antenna, volume, tone, tuning,
and band controls.

2. Recorder . A portatae audio cassette tape record r,
with keyboard tape controls, red record,
Interlock key, and volume control. Supplied

. cassette was not fully rewound...
.

*
,

.3. VOM A standard volt-ohm-milliameter, with a
. supplied resistor to measure.

. .

.4..0scilIescoye A dual-trace triggered-sweep oscilloscope
....... with standard audio signal generator and

connecting cables:

4

,5. Phi Phenomenon A device that flashes two connected neon
Demonstrator bulbs alternately at various rates and phase

relationships.

6. Physiological A large device with several dial - multiplier
Stimulator s.t.g-that produce yulsts of specified

magnitudeNrate,and duty cycles; a neon .

bulb is connects tto the output to indicate
the pulses.

S

.11

I
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.task, each *control would have to be properly set. .

Instructions. A major goal in composing the insructionsl, was
to allow the menu and: the step-by-s iN instructions to' be easily-
conipared to each other. This was done y preparing the materials
so that the terminal steps in tie menu instructions were 'exactly
identi,cal to the steps comprlsing the step-by-step -instructions.,
and were worded and displayed identically.

Thee menu instructions made up a hierarchy of natural "chunks"
of the operating procedure. .Determination of the chunks was Aone
intuitively. It is clear-from some aspects of the results that
some of the chunks chosen were in fact natural unts; however,'
the data do not definitively qpnfirm theichunk classificaton..

4

Each set of.instructions began with a statement of the task
that the subject had to accomplish. This main task statement was
specific enough that the subject could, if ET-6rWe had adequate
prior) knowledge, complete the entire 6task from just this
statement. However, the main task statement did not deseqbe how
the controls on the device-had to be set or operated. Table 2
lists theltasks hat were to be performed on each device, in the-
same wording as /they were shpwn to subjects.

- Subjects

The nonexperts were recruited by 'campus and newspaper
adiertisements, and were paid $5 for prticipating. As shown Iv
the experience questionnaires adm.inistere 9 the subjects, only
one, expert subject was inadveftently recruited by this method.
The expert subjects were recruited by advertisements directed at
electronics experts. i.n all cases, the subjects obtakned were
highly,experienced in electronics; the typical expert had several
years experience as an xlecronics technician in the militant.
Twenty subjects were recruited by each method, but in the analyses ,
used below, the 'classification was corrected; to'yield nineteen
nonexperts and-twenty-one experts. Since earlier studies seemed

suggest that there were strong sex differences. among
Ibneiperts, and fpmale electronics experts were extremely hardto
lodte, all subjects Ilse& in this .experiment were pale.

Desi n. The instruction format condition was determined ate
random for -each subject. Eaph subject carried out-the six tasks
on tae six devices in the. same instruction format condition. The

device tasXe were done in a fixed order", which is the ordir in
which" the devices ar'e listedlin Table 1. This order was chosgn to
present the tasks and devices in order of decreasing fadiliarity,
and increasing apparent complexity 'within each .level 'of

familiarity.

r-f



Table 2

I

Task

1 . .

Main Task Statement

Listen .to Station KU!(T FM (90.5 FM) at 'medium volume:on ,

the portable radio'. . .

. .;

2. Record the words "testing.'. . 1, 2; 3" on the 'cassette
recorder,* and play the words back at medium vollime.

) 3. Measure the resiStpco of the resistor using the voltohm
meter.

4. Use the sigrial generator an the oscillascope to display.
about two AC wave cycles on theloscillzscope screen. .

,

5. use the phi phenomenon demAstrator to flash the lights
at 5 CPS (cycles per second). /'

-Y.

6. Use the stimulatof to flash the neon light at a frequency
of 1,CPS"(cycles per second) with a flas4, duration of '

.7 seconds and a delay of .5 second's.

V

1

-'

I
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p

Apparatus and Procedure . .
s.. : .

I -.. .:.

Each subject was run indi;/iduallY, and was seated in a 'small
rook before a table. On -the right-hand end pf the, table was a
standard video terminal, on which a laboratory compute. displayed
the inztructions. TheJeft-hand portion of the table was occupied

' by the device. A videotape recorder recorded all of the'subject's
jold.tiv,i4r. The instructions were' predented.one_steg or 'menu at a

time_ with the subject tapping the space bar or Awing a' choice
number to go on to tie nextdisplay. The laborktory computer

.. recorded the amount of time that the subject left each instruction
step or menu. on the screen. Due to the-nature of the equipment,

l'and the 'prohibitive 'scoring effort involved, it was not practical
to distinguish the time the subject spent reading from the time
the subject spent carrying out tie instructions. Thus., the
laboratory computeT"'was able 'only to 'record the cotplltion time
for. each step, defined as the tote' reading plu4 execution time
for the 'instruction step. Thealivideotape recording was used to
determine what subjects actually did on each step.

(....p

/

The Aevices were brought into the.room one at'a'time,'and the
subject then carried out the task 'on the dev,ice. When the subjedt
had reached the end o' 'the 'instructiipliaTotre experimenter teturned.
and checked that the task had been carried out.correctly, in terms
of 4hefher the final correct result was achieved. The device was .

then xemoved, and a new device brought in. Sublects.who did not
achieve the propel-44nel result were asked to repeat the task;
however, the data frod these repeated,tasks were later dropped'
from the 'analysis. -

.

Due to inadequate training of .the experimenters, on some
trials theequipment wap being moved in' and put of the Loom while
the clock was running, .making thd completion time recd rd of the
first won-Struction unreliable. It is belieht that' these "-events
are not confounded with any of the experimental.-maniptilations, so ,

the analysis of'total completion time would be conservative due to.
,-' the,extraneous variability. Examination of the video tapes shows

CI
timere being brought in, and so these times reflect the tdtalwe t.

at the subjects -were uvisaliy inspecting. the deviceswhile .they

hat the subjects -interacted with the devices to corplete,t4e
,

task.

0

Pt C\11
of:4 .S U14§

Tota CoiplVion Ti

Analysis .The total dompIetion'timeofor each eubject
on each task.los calculated as the totalelapsedtime from the
presentation of the main task statement until the experimenterhad
confirmed that the task was completed torrect1 Data kom tasks
wers .dropp'ed in which the subject did the entire task liaqre .than--
once, or failed to do the task at all correctly. 0,ut of the total.
of.1t40 task attempts, 14 were thus dropped. Due to the unequal
group, siz6s,, missing data,* and,. unbalanced 'device qxperience;!,

* "*

.. "
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.

fac-bbr, the total times were Upalyzed using stepwi4 multiple
0.regression.*

e subject's expertise groupt-instruction format condition,
A .and subject's experience 'with the 'individual device Ore

re resented as dummy variables. he devibe experience variable
was based on the, questionnaires that each subject' filled out. If

q the subject indicated 4ny actual usage experience with the evice,4
then -the devime experience dummy variable' received a value o one;
otherwise a value of zero was .assigned. The *device factq. was
represented as a set of five dummy coded Variables with the radio
being used' as the baselin0 Fbllowing,..the methdd suggested by
Pedhazur (1982) for mixed designs; a variable whose Value is the

,subject's mean total completion time over the six devices was ,

included. 'The betweensubjects factors and interactional were
entered first in the-equation, followed by the subject's mean time
variable, followed by all of. the withinsubject factors ands
interactions; Thp analysis. was hieletklical, in that main effects

...

were forced, into the equation lore interactions.
. , ,

4

All ofthe interactions between ,subjedt experience, device
,experience, anCinetruction,format condition were -represented, bON

lonly insfhotiOnformat condition and subject expertise group were
allowed to interact with the delqce factor; device experience was ,

not allowed to interact with thedeVice factor. The rationale for
this decision is that the device experience Variable is an*eady
specific to...individual devices, so" interactions between individual
device emerience and individual deVice dummy variables .would bei.difficult to ipterpret. .

%,..

lhNote .that sUpject expertise and epecific device experience in
these data are only. sli:ght-3)--correlated Cr=.13), and *the,..

interaction.bOween subject expertise and device experience was
not signifibant. Thus these two factors peke practically
independent,,contrib4tiqns to the total cotpleticp times. Two of
the devices were tamilier to everyone, and .two were'nfamiliar to
almoet everyone, resulting in these. two variables fbeing, nearly
orthogonal. o.
o, 4 -.

4 : . $
./

i .

-,
.

ith a total of 23 variables in the equation and 163 degrees
of freedom in the residual, 81.4 of variance in the total,
completion tithes was accounted for. This extremely high figure l
dde to two factors: the subject's mean completion t-ime accounted

$. for appr xlmately 15% Of the' variance, and the ,deviCe lector
accounted for about 5O of the variance. .This is clearly due to
the,fac at the devices marled substantially in number of steps
in the tasks, and thus'the completion times v ry sysematical,ly
over an extremely wide range. ThetelIects to b discussed below
wereh, all tested for significance at the . 5 level, using the
"Ptoremoveu"statistic, which is a.conservativ, estimate of the
significance of an individual variable as if were the last to
enter the equation.

N
qb

13
114

4

7
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.Main effects- Tible 3 shows the Means for the var ious main
effects thiT-Te7I significant. subjedt expertise variable was
quite `significant; eXperts Mere about one 'third .fdster in
completion time than: nonexperks; .There was no significant gain
effect of instruction format condition, oven, though the menu
condition averaged about 30 seconds faster. This means that,
counter -to intuition, the menu format wai not reliably superior
overall to the step -by -step format. This is probably. a result of
the fact that while fewer steps were rtad in the menu condition,
more maternal has tobe read in addition to the individual steps.
The device experience faotor was significant;, being familiar with
;a specific device led to a 30% improvement in"completion time. As
wourd be expected, there is Avery strong main effect.'of device's.

'-
Interactions. The interaction bepween.device experience and

instruction format condition, shown in- Table 4, was significant.
The menu instructions are actually "slower than the step-by-step
instructions if the device is not familia.r, but substantially
faster than the .step-by-step instructions if the device is
familiar. Thiis, not only do the menu instructions allow the user
to take advantage of prior knowledge more than the step-by-step
insieuctions, but the lack of prior knowledge means that.the extra
"overhead" in menuinstructions, plus mistakes made as a result of
skipping instructions; actually slows down taskcomplwtion:

.

.

The interaction of instruction format condition, and device,
. whose means are shown in Table 5, was significant. For theeradio,

recorder, and phi demonstratOr, the menu condition produced faster
results than the step-by-step condition. However, the VOM,
oscilloscope, and stimulator produced the opposite effect. This
is probably due to the fact that thepe are devices which were
especially difficult for nonexpgrts, exaggerating the effect" of

. -tile extra material in the menu format.,, Table 6, shows the
interaction between devices'andcsubject expertise group, which was
ale() significant' Help it is clear tha7t the oscilloscope and VOM
were especially hard for the 'nonexperts compared to the experts.

Page 9

The three-way interaction between subject expdrIise,
condition, and device was significant, and' illustrates the key
result. The means are shown in Table 7,6.-i-which includes the

. percent gain resulting,from using the menu instructions instead of
step -by- -step, pr nonexperts and experts on each device. One
clear result is that the experts benefit from the use of the menu
format on all devices except fon the stimulator, where there is a
substantial impairment in performance. This is probably title to .

the fact that since this was a cbmplex and novel device, the
experts' Attempts to -operate it without reading much of the
instructions often led them-down "garden paths." For example, one

-

expert, e plugged indicator light into the yrong jack, and then
spending a long time trying to set the controls to light it. With
the nonexperts, the two expert-familiar devices, the VOM, and the
oscilloscope, produced much longer completion times in the pent; '

instructions compared to' the step-by-step. Since many of the
nonexpert sub ects claimed experience-in usling the VOM, their
longer compleVan times, in the menu condition may be similar to:

.
, ,

. . i

14
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Table 3.
Main Effectel in Total Time Data

Effect Means Sighifi4nce
''1---

Expertise '
2

lionexperts
Ex'perts

Defice 'Efpci lent
NOTI.=Timiliar
Familiar

.

Instruction format
Step-by-step .

Menu

.Devices
Radio #

Recorder .

V0M
.

.Oscilloscope
i Phi DemqnstFator

Stimulator
11.

3t4.0
214..4

- ... _
,

319.4
.223.0

274.4
247.1

'

-
.

14

or

..._

,
_ --

4

**

_ ... ,

**

.

- NS
1

137'1
166.2
256.8
511:9 .

118.8
343?

6

V.

eatm.
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: Table 4 /

Total Time (Secs) as a Function
qf Device Expertise and Instruction Format

)

, .

,.
-Device .Expe rience

4

1.

Not' eamiltar,
Familiar

I

Instruction Format

Stepp by-step

307.8.
254.4

Menu

331.0
185.1

,.-

Table 5
Totallime (Secs)'as a Funct ion
of instruktion Format and Device

Format

..t

Device , 4
Radio, Recrdr VOM OBcil PhiDem Stim

V 1.
Step-by-step 185.7 , 201.3 230.1 504.3, 210..5 314.4
.Menu 88.4 131.0 297.8' 521.9 167.0 375.5

Table 6
Total Time (secs) as a Function,
of Subject Expertise and Device

Device -

EApertise Radio Recrdr VOM Oscil PhiDem Stim

4ortexpert 165.8 148.7 342.8 649.046 230.3 -367.8
Expert 111.0 145.7 175.8 396.41W 151.2 321.3

0.4

. . 16.

. 4111i
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'Table 7
Mean TOtal Time for each Device,.

Instruction Format, and Expertin arou'a

A

dir

'15,evice
Salo Recrdr VON

Jr

Oscie l PhiDep Stip,

Nonexpertr4
Step-by-step 224.5 216.3 ; 270.8 604.3 260.4 t359.5
Menu 100.9. 158.2 .462.8 723.6 196.9 378.0

. 6.

% Gain 5-5* 27% . -71% -20%. 24% '5%.

Experts P

Step -by -step; 147.0 186.4 189.5 404.4 160.6 : 269.2
Menu 78.3 108.8 f50,5 387.4 142.6' 373.5

=, m
% Gaip 47% 41% 17% 4%, 11%

A

74,

e

I

4.'
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the "garden pat h" effect obtained for the. experts with the
stimulator. Namely, a familiarity with a devige is a
dangerous thing;- 4,t can lead to 'lbnger completion times if .
instructions are pot followed. The els;/ated time ..for these
subjects in the menu.conditien with the osdillOscope is haider to
explain.

Conclusion. Theseiresults demonstrate that the ,virtues of
the two ins6ruction formats-b.re-heavily dependent upon the user's
general expertise and also the familiai-ity with title specific
device. In general, the interactions seep.to be due stly to the
specific familiarity with the device, as opposed to .t e subject's
general expertise. That is, the fact that the intertic ion between Ak

devite experience and ,instruction format was signific t, but" the
interaction betweeri subjects expOrtise and instructs n format was
not, suggests that the advantage of menu instructions is a ma ter
of specific familiarity with the device,, and not general
expertise,. Electronic experts may notdo better wi h 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' lhe device is
simple, such as the phi demonstrator, but not if it is compl9x?
such as the stimulator.

A 's

- Page JO

0n the other hand, the sign ifiCant 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. OWIsher aspects of tit results suggest that this is

. / due not just to faster execution of aetiohp, and also to better
organized and more efficient actions as well.

Menu Choices

Number of frapes read. Table 8 shows the mean number of
frameisTUTsNaTr--o-r instruction steps or menus) read in the menu
condition fo.r each group and each device. For example, both
experts and nonexperts read only one frame for the radio, 16mely
the frame that contains the main task statement, but nonexperts
chose to read an average of 50.4 frames of information for the
oqcilloscope task, while experts read an average of only 1.2.
THese data were subjected to a multiple regression analysis
similar e above one, with the factors being subject
expertise, de ice etperience,- and devices, and interactions.of
subject expertise with.device experience and indivi4ual devices
were allowedy .The results are summarized in Table 9.

There were strong main effects of device, with the VOM,
oscilloscope, and stimulator requiring many more frames than.the
radio, which was taken as the baseline. The key results were that
neither subject expertise nor .'device experience, nor their
interaction, were significant predictors of the number of framed:
read, once the main effects of device and the nteraction of
subject expertise with device were taken into account. As shown
in Table 8, the VOM, oscilloscope, phi demonstrator,-;and

18
.



,

/.

.
.

Table 8'
,

-
0-,

. ..,

yean Number of Frames Read in the Menu Condition ,.,e M
. for Each Eipetiie Group ..zAf ,, 4

...;

-..
-,-.: -",

:
0

Group Radio Recrdr VOM Osci). PhiDem Stm,

Nonaperts 1.0 1.0 32.5 50.4 18.2 47.8

Experts4?.` 1.0 1.0 ' 3.1 1.2 ; 3.4 2:1.9

Variable

(egress Analysis on Number of
rameis Read in the Menu Condition

1 -,

,t

Colfacient

CONSTANT 1

-SUBJECT EXP.
. 4 DEVICE EXP.

DEVICE 2 ,

DEVICE 3.
DEVICE 4 ,,,t1

MICE 5 :14

9 DE E 6
SUB XP X DEV2
SUB EXP X DEY3
SUB EXP 1 DEV4

.SUB EXP X DEV5 (

SUB EXP )C.DEV6 4;

*
Notes .

,

R2 is .$5 with 12 variables and N=I07. Device 1 (Radio) is
,- used as the baseline for dummy coding of Device factor.

...!_
.

Std. Coef. . F -to- Remove

10.1
0.0 .0 0.00
-9.1 3.99
O. 0 O.

29.5 .516 45.40
46.5 .839 " 113.19

% 9.1 .184 2.49
38.7 751 43.98
O.0 -.O. 0.00

-26.3 ° -.360 20.82
-45.3 -:618 61.52
-14.8 -.224 8.68
-25..9 -.373 25.15

I
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stipulator all 'required many fewer frames for experts than for

el

nonexperts. The main effect of device experience was marginally
significant. Thus, it is clear from thele results that the menu
condition allows exp its to benefit by permitting them to'read
only .a few frames.

-

Choice Patterns. The spedific pattern of frame choices for
each 57-fi- ce was consid red in terms of the menu hierarbhy for each
device. The intended organizatOn of the menu instructions was
that the levels in the hierarchy would correspond) to the natural
chunks in the operatiori of the device. However, contrary to the
goals ofthe experiment, the evidence to support this claim is
very limited in these data. In. -order for there to be natural
chunks in the operation of the device, the device must be'' familiar
to the subject. However, if the device was fairly familiar to the.
subejecilk the subject would need to read very few trames, often
only the main task statement fram.e, and thus there would be few
choices to reveal which -portions of the menu hierarchy were
familiar and which-were not. Perhaps different devices would have
yielded more useful data.

ok
However, there were some interesting patterns in the choices.

Figure. 1 illustrates the best 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 is shown the.proportions of nonexperts and.experts who
tread the materliarin the box. Thus, for example, thi. top-level
box corresponds to the frame that states the main, task. Almost,
all subjects then read the main menu which contains four items:
powering up the device, attaching the lights, .setting the mode,
and adjusting the CPS dial. However, only 4O%. 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 subjects required the step-by-step instructions about how
to plug in the device and turncit on. The-other devices that also
involved these steps also had this general pattern. Very few
subjects, even nonexperts, required the specific 'instructions: on
plugging in and turning on the device. This was true for the
oscilloscope and signal generator combination, and also ,true fbr
the stimulator, which was a very complicated and unfamiliar
device.

I

Another effect that appears in Figure 1 is the tendency for,
nonexperts to learn while doing similar acti/aties. Notice how
50% of the offbjects required the step-by-step instructions for
plugging in light A, but only 10% of them went on to read the
instructions for how to plug in light B. A similar effect appears
in the 'oscklrostope task, in which fewer nonexpert subjects
required the instructions .for plugging in and turninEcl-o-fr-"ViTe-
second piece of equipment than for the tirst piece of 'e uipmenti'.
The obvious implication of this effect is that subjects are not
simply executing `these instructions as they read them, and then
forgetting the instruction content when they proceed to trff.next
instruction. Rather, they seem to be able to take tAe content of,

20
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:6

FLASH LIGHTS

AT 5 CPS

N: 90%
E: 80%

POWER UP ATTACH LIGHTS SET MODE ADJUST CPS

N: 40%
E: 10%

GET POWER TURN ON

N: 0% N: 16%

E: 0% E: 0%

I

N: 60%
E: 102

LIGHT A LIGHT B

N: 90%
E: 20%

RATE /PHASE

: 50%

07.

BA/AB

N: N: 90% NI 80%

E: 0% 'E: 0% E: 10% E: 10%

Figure 1. PrOportion of menu choices made at each menu level for experts (E)
and nonexperts (N) on the phi phenomendn demonstrator.

41,
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one inst uction and genorafize it immediately to apply to a
similar situation. Hoiever, these results are too limited to shed,
much light on' this issue. Further woR id-clearly needed.

.

Stip Completion Times
.

,

malysis method. A regression analysis was done-toldetermine
which factors predict-he amount of time taken to complete
individual steps in the step-br-step condition. The videotape,
scoring was used to eliminate the times for individual "steps that
wer defective. In addition,"the time on the very first step, in
the instructions were not included since.idsome case g, these
ti es were gontamindted as described above. ,This left a total of
3008 *indpOldual step times for the .analysis. Each instruction
step was classified according to a set of categories, ,shown in
Table. 10, which are the general ,types of actions stated by tin,
instructions. These categories were each represented by a dummy
variable, with the, ISIMP category teilg uqed as the baseline. The
video tapes for each subject were sco ed according to the action
actually carried out by the subject on each step. The scoring
categ6ries 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 chunkingAmproperties of the
step-by-step instructions, the variab ME was defined, which
reflects the proportion of time th subjects in- the menu
condition read the corresponding step.-,This variable fook on a
value that depended on whether the subject was an expert 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. Likewidel for a` nonexpert, the MENU
variable was the proportion of nonexperts that viewed that
instruction. .

An additional variable that reflected' properties of the
instructions yas the number of words in each instruction. This
veriable should hot be taken'to reflect comprehension time, since
its coefficient is far too large;' rather, it provides a crude
measure of the overall amount of inftirmation in the instruction.
Additional variables tered into the analysis were the subject's

olftexpertise group, and tre ice experience variable, as described
above. The subject xpertise variable was allowed to interact
with all of the instruction characteristic variables and the
action variables. As before, the order of entry in the stepwise
analysis was hierarchical, and the conservative "F-to-remove"
stativtio is reported. Tidally, since this was a mixed design,
'the subject expertise' variable was entered into the equation
first; followed by a subject mean variable, then by the
within-subj cts variables;

Step time results. A summary of the analysis is shown in
Table.12. Ircife that fhe coefficients must be interpreted in terms
of the fact that all other factors are in the equation. There was
a substantial effect of subject expertise (SUBEKP), inthich
experts read the instructions on the order of 1.6 seconds faster
per .step than nonexperts. Also, the step times differed

22
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Dummy Variables Usedto Code Instruction Contehts
- ..

Variable Descriptioizind Example
.

. .

"V ,

ILOC Locate a Part of the device (locate the power switch)
IADJ Setting a.control (turning knob to DC)

. .

ISIMP A simple ,action (flipping a switch) .

'EFFECT Adjusting a knob to produce a certain effect .

(zeroing' ohs scale)
ICOMPH A complex physical action (plugging in a cord)
siMPH A compleX physical.actionjamiliar to all expert .

, (zeroing a meter)

Table 11
Dummy Variables Used to Code Subject's Actions

Variables Description 2
1: -0

.

DO Action same as instruction (

SKIP . go action carried out
LOOK Subject looks at device .x.-

LOC Subject "ideates" a., part of device
(e.g. touches it)" 0

ACT Subject engages, in some action other than above %

90o

e

23
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Table 12
Regreaathn' Analysis on

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

Variable

CONSTANT
SUBEXP
SMEAN

Coefficient

1 .45
63 '

.1. 0
DO 4.11
LOC 2.46.

ACT 7i30
ILOC 1.86
'IADJ 4.60
!EFFECT, , 3".1°6

WORDS : .57
ICOMPH .14.46
IEXPH 6.42
EXPCOM -5.52
EX PIPE -5.78
MENU - I.71'

Std. Coef.

.

-.110. 36.96
242.29.

1. 77

449
. 9.54

.139 - 4.55,
WP .188 129.20
1 .126 5.43
i .116 45.99

.093 18.92
%339 366.98
.247 154.99
.156 42.66

-.065 11.19
-.100 24.31
'.091 8.59' .

F-to-Remove

Notes

R-2 is! .14075 with 19 variables and N=3008. Five variables
are not sWpwn because the F-ratios were nonsignificant. See text
for explanation of variableg. Values for SUBEXP are based on only
SUBEXP in the \equation, before SMEAN and the within-subjects
variables are added.

I
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subsiihtially depending ,eothi Ca010, ich actions that subjects
actually performed, and also in the properties.of t4e instructions
themselves. This. .result in itself is. not too surprising. "
However; it is noteworthythat two of the strongest (as shown byf
the standardized regression coefficients) instruction factors ate

4". the number. of words 'in the instruction 4WORDS); and Ofether'the
instruction required a complicated pflysic4 activity .(ICONTH).
InstrUctions that required phSrsicalvactiliities that are faliliar
only to experts, such. as adjusting the zero adjust seceyi on. the
V4M (IEXPH), also took significantly longer, even'though such

_

cab's were fairly rare.

.The key, results are the interactions. of_ expertise with two of.
the instruction charactefistics, 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 spend a lot of .-time
(tumbling with cords and connectors, while experts seem to know
:exactly what they are doing in these physical activities, and
procied smoothly ancl,precisely.

An additional ke3 result is that the MENU variable was
significant. The.coefficient means that with all othei fadtprs in
the equation, a step that.was always read ih 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 of time takeli to completera step is ..

thus a function of its predictability on the basis of prior, 1.

knowledge.

, Knowledgebased Opera tion

In Kieras (1982) At was proposed that people's knowledge of,
electronic devices is organizedas a-hierarchy of schemas, which
would contain, among other things, schematic information on.how to
operate the corresponding class of devices. It is natiral,to.
suppose that just es '- story schema ,avecifies the order of
appearance of items in a story; that a device schema would specify

4 the order of the steps for operating the device. Thus, when
subjects Operate a device baited only on their knowledge, there
would be a stereotyped sequence of behavior corresponding to the
procedurgi 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
after receiving only the main task statement, without requesting
further instructions.-

Analysis,method. The videotape record of the subjects'
behavior ,was scored in terms of the individual activities that
subjects performed, such as operating a certain control. Data
were dropped for subjects who got confused in the task or did it
incorrectly in some way that w ?uld invalidate the data. Both
experts and nonexperts all operated the radio and cassette

25
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recorder without any further instructiona iti-ihe: menwsonditign.
Seven experts on -the, radio. and nitre . nonexperts.weve thus

r-
available. AFor thkcassette4 reoorder there 'were...el/6.e AsOla . 4 I

behavior sequences from each' .group. With three other devi9est .-.

.

only experts operatId the device without instructions, For. :the.
. ..

vOms. Qscilloscope fatid signal generator cOmbinati-en," 44d the phi'.° - -°--

phenomenon demonsttatoY, there we five, eight, .and 'eight such, .

subjeCts. . .
. . . , . , 1

.

The method of -analyzing t is sewience data was t,c.),,, locate' °'sr

seqtAnces of Eittivities that ;ocCurre& at-lesetAttadt, and then'v,,,'
express tht sequences. that sublebtV'performed with-as few terms to ..
possible .by s referring to, these common sequences.. 1.19re

specifically, the seqftence data was represented ea a transition
.,

4
n'e'twork , tree diagram; in khigh the nodes tepresenl either, ;

individual actions for action "subroutines," and s.'' single ,path

.
thr.ough the tree diagram represents the activities of a single ,..r subject. ,See Figure 2 for an example. Bach action l,represented

. by a two-letter symbol, and action Subroutines by -combinatfdris of , ..

'.these symbols. The depth of combination is 'indicated by 'the ,) -

notation; concatenated--symbols ara the shallowest level, with ..

brackets and parentheses indicating deeper levels orglibroutines..

In order to construct this transition diagram, all actions
except ,,specific centrol operations were deleted from the behavior
stream., Thus, for example, activities of lobating (touching) a
cont?Ol,"or looking at various parts of the device were ropped

. from the analysis./ The resulting pequences were Wen 'subjected to

4/P
a sprting process in which common sequences were identifiet and .

then the data regrouped' according -to the 'seqtAlitess, and the
process repeated until no more sequences could be formed:

Once these sequences were defined, the behavior patterns for
.all of the subjects could be rewritten as a tree diagram, in which 'ft

all subjects begin at. the origin and then branch out according to
the first action or sequence subroutine that they perform, 'and

'"uthen branch out fur,ther depending on their indpridual Actions.
Since all subjects eventually did some; Sction that was different'
from that done by. any other subject,-eventually the trees all had

' the game number of branches as there were subjects.,

Pattern results. In Figure ? is shown the top level diagram
for TEV'Tgquences for the nonexperts and expert's on tit-vradio.
Notice how the nonexpert network seems to be "bushi'er" than the
expert network, and %also appears. to have more different
subroutines. Beyond the preference for initially plugging in and .

turning op- the. radio., there seems to be little in the way of ad
,interpretable pattern 4 the nonexpert sequences. However, there
is a basic pattern to the expert sequences. The subjects who.
followed the- bottom two major branches first "set ue some pintion/
of the ,radio before turning it on. The.subjectrfollowing to-
upper branch turned on the radio immediately and then proceeded
make a series of adjustments td it. Thus, even with as simpl a
device as a radio, there seem to be two major methods of operat ng
it: the. first is setting it up and then turning it ofi, foillwed

26
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27.

ToPoTn VI

PosTurn power on
Eaaextand antenna
Pfatorn power off

STOP

Vlaadjust volume dbo,trol
Tnaadjudt tuning
Raaretract antenna

k
Figt5e 2.. Behavior sequences for expert and noneipertisubjects

, operating the radio without instructions.
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. vby adjusting it, and the second is turning it on, then-setting 'it.', .

up and adjusting it. 'Within each of these two major patterns.
there are many minor i

.varlations.' :

. ! . . ,

apparent difference between experts and nonexperts.
appears with the cassette' recorder in Figure 3.. Ovgrall, the
experts appear to produce Short"er and simpler sequences then' the
norie?tperts. Thust the experts in both the radio aqd the tape
.recorder appear, to' have more consistent and shorter behavior
sequenceq. Some quantitative comparisons between,the expert and

. nonexpert transition networks were very.intriguing, but noneloof
'ahem reached.statistical significance.

. v :r:r.

41.

. It should be noted that some of the complexity of .the tape'
recorder 'behavior sequences,,is:probably due to the fact that the 0

tape cassette. .was. deliberately gilien to the subjects in a
condition in which it was not fully rewound. Since the subjectsl-
task was to record "testing 'one-twb-three on-the dupe and
back, this confused some subjects if they rewound-the tape all the
way back after recdrding as one, normally would. hus, some*.
subjects, even experts, had to make more-than oneltttempt to
recorl'thetape. Peihaps this Complexity is a reflection of the

-'fact that -the /tape recorder was not left in a schematic' state;
that is, the norma -state for, a tape cassett6,is that-it is fully'
rebound ;.4

.

impor'tant conclusion is. thpt if \Were 'is an -apparesp,
° difference between' experts and nonexperts, even tri these 'everyday
dev-ices, then experts are better even at operating everyday
devices than nonexperts. This presents a&serious problem for
future studies of'electronics expertije, because it suggests very
strongly that nonexperts an not. be used a$ subjects tf such.
studies even if very familiar-devices are used;

A further ,result that follows from eim examination of;theSe
two networks, and was also clearly apparent with,the °titer de/ices
is that there is in fact very little stereotypy,,in th'e 'specific

. behavior sequences. Figure 4 presents the transition network for
the five experts' using the VOM. Notice ths4 the, numbe-r. of
subroutines is quite small, and there is an almost immediate
branching of the tree into unique paths,' one'for each subject. ..-

Because of t1e 'extreme length of the for the
oscilloscope and signal, generator combination, Figure 5 preisients a
truncated and condensed version'of the full transition., network.
For example, the term CRT means any control activities havingito
do with adjusting the CRT trace on the Oscilloscope, which could
involve any sequence of the five controls. Likewise, TB refers to
any sequence involving adjustments to' the oscilloscope's time
base, which also. involved several controls. It should be noted
that eve R after this extreme condensation the pathp through the

',network b.gain branch into unique patterns very quickly'r The phi
phenomenon demonstrator in Figure 6 'also shows a relatively quick
branching into unique paths.
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-(PILe-Y1 Stl-----[(Rokst..ayst)-(plIa-V1S03' STOP

-----01---Ic--C1-----Pc-------(RpTkStr41}-----ReSt---P1V1LeSt---(Rwit-(P1Ls-SI)) (iligkSt-RwSt)-p1T1LeStl STOP

STOP

STOP
.

S ,TOP

f

RwSt---(P114-(St-ReSt))---(PlIo-St1-((lipTk4St-ReSt))-(PlLsr(St-ReSt))1-,14P1147,1Stl-Rw--4-STOP

C1-----(13-IcC1) ihrtPft-(St-RvSt))-(P1L19-(3t-RwSt)))-1(SpTk-(3t-RI(St))-(P1La-St)).sOP

R pT k- (St-Rv St ) )-P111. Le t STOP

P1-----St--PrPc-fRpTk-(St-ReSt) 3---(( 14-ISC1)-Reqt1---((P1Y1Le-(8t-ReSt))-(PiLs-Y1St) l--(14-IcC11-.

--1(R0Tk-(3t -RwSt)) -(P1Lo -St)) 'STOP

PrPc ((RpTk-(bt -ReSt)) -(P1Is -St)) STOP

-8t))- - STOP

(PrPc-(13310C1-RmSt))------((P1Ls-V1St)-ReSt)-(00k..(st.RwSt))-((PILs-Ylit)-Reit]-L-----7-16 STOP

. (EJI0C1-Rw3t)------------l(RpTk-(St41,20)-P1V1IsSt) STOP.

Pr=pleg cord into recorder
Rifsrevind key
Vimvolitme control
Olmopen 114

Pc=plug cord tnto outlet` ctsinsert cassette
.Stmatop key Plmplay key
leslisten to sound .Cloclose lid'
Lb=look into battery compartment

Ejseject button
Rporncord & play keys.
Tkistarksinto recorder

' Figure 3, Behavior sequences for expert.and nonexpert subjects operating
the cassette tape recorders

. v3O
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Ir
!

START IbItc-------Tm ---C1-----TcTs ---Am ---(UlAm -Oils) ---U1 --An---CbCrRn

k.

%.I

U1 CbCrRn

>s,1,1grC1-44-14--IbirTarTsTetz

Irsinsert red lead
Orsclip red lead.to residtor
Orsuncilp red lead from resistor
Amsadjuat meter zero screw
Tz=turn zero ohms knob

Figure 4.

4

Ibminsert black lead
Cbsciip black lead to resistor
ObaruncTIp black lead from resisto
Testurn center rage selector
Rnsread number from meter scale'

ts OZ. .

I

,//'1;
sic*

1=clip leads to ether
Imunclip leads
xsunclip both le from resistor

ditaturn mode select r

STOP

!SOP

STOP

Behavior sequences for experts operating the VoltrOhm-Milliameter,
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."

Power All

START COR

J

CRT VI CRTTBCRTTBCRTTB Vii
VITB CRT.

CRT---TB----CRT---...

lug-in-both CON ---GEN---005---Turn-on-osc CRTTB----Turn-ongen---...

over-up-gen 0311-: Power-up-macCRTCONCRT-2B ...

GENsadjust generator controls CRTaa0.4120 Ott controls TBvadjuilt time base oontrols

VImadjust vertical input.dontrola CON =e e dOnnectious
Power All =power up both unitg Pover-upmplug in and turn on

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

.
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Lack of fixed procedures. The fact that on the whple the e
is very Tittle stereotyped. behavior seems to disconfirm, t e
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 operating at least some of the \
devices. For example, with the radio (Figure 2 ), all subjects
plugged 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 weresome subjects that performed only part, of .

this operation before proceeding. Likewise, notice that many
subjects, after performing. the power-up operations, went on to
connect the twodevices together before proceeding, any further.
Finally, with the demonstrator, again most of the subjects plugged
in the cord first, although some of them p'ug in all of the cords
and connectors before turning on the device.'

The VOM presents ari interesting contrastlEbecause it does not
have to be, plugged in and turned on. Notice that, there is very
little stereotypy in the sequence of activities. OWe 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. schemes is
of little value.

$4

How sub"ects operate from memory. This lack of stereotypy
requires exp anation. 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 devices 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 model of device is essentially
zero. To some extent, every device was a novel device to every
subject, Thus, none of the actual skills of operating the device_
would highly automated, because this would only be the case if
one were familiar "with the specific location and properties of the
particular device. st Thus, subjects were essentially operating
these devices in '4 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 ere constraints that are imposed
by the device on the order in which things are done. For example,
on an oscilloscope, the intensity control must be adjusted before
a .trace Can be seen, and the oscilloscope.can not.be used until
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EXPERTS

START

at
N\

PcPo TrTd--PbPa Td Pa (Ird-Pa) (Td-PrTd) ,STOP

(PrTd-Pa) STOP

Pc-PbP41------Povcz::[Td-PrPal-----(PrTd-r41-----thqs(Ta-PrP01------PrPa-----C1Pa-------STOP

Pa (Td-PrTd] C1Pa ClPa--L-C1
4

STOP
4

c Paibk7.7.::TdPr:.---Po--Pa (PrTd-Pal-J.--(Td-PrFal----PrFa (PrPa(Td-PrPa))-----STOP

Po Td (prod -100.-----TdPr PrTd

PaPb Td- PoTo PcPo

STOP

FrPaPaPrPa----STOP
Td PePo PaPb Pa (Td-BrTdj STOP

Pc =plug in power cord
Td =turn dial
Tosturn power oft

Posturn power on Pqmplug in 1 ht A Pbsplug 4 light B
PasPlip A/B mode PrsPlip ra /phase clscheck lights

'
(k,

.Figure 6. Behaviorsequetices for experts operating the phi phenomenon demonstrator.
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.the trace is visible. Before he intensity control can be
properly. adjusted, however, the oscilloscope must be turned on.
Thus, for any device, there are some constraints on the order of
certain coperitions. However, even for relatively simple devices,
such as .a 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 time, but most Usefully after
the radio is audibly playing. Thus, referring to Figure 2, there
are many different order's in which the expert subjects operated
the controls on the radio, and there is a unique 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 characterization of operating a piece
of. equipment from memory' seems to be that subjects perform
'problem-solving by ,deterqining what constraints need to be
satisfied along the way,, and then operating the controls in .s.
manner that meets the constraints and accomplishes the task, but
does not necessarily follow, any prescribed order. Since a major
constraint is that the device be operating before it can be
adjusted, there is a strong tendency for "power-up" step& 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
subject was.following an individual stereotyped sequence, which
seems unlikely. However, it is very clear that device operating
sequences do not have a major property of schemas, namely,
'stereotypy of content.

The larger implication of this conclusion is that even though
experts can operate even .compaex pieces of equipment completely
from prior knowledge, they do not perform this by rote memory
retrievalt but rather by a very general problem-solving process.
For example, the best characterization of what the experts did
with the oscilloscope is that once they had it plugged in, turned
on and connect id with a signal generator,.they made many pasdes
over the controls making various fine adjustments 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
ptocesses 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
a set of canned procedures for operating different devices, but
ratter of a set ofpowerful problem - solving heuristics which can
be applied to even novel devices, but which are not very efficient
even with familiar devices.

1'4
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SUMMARY` r
The introduction listed thine questibrit.that this experiment

was designed to address. These 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 Format. Contrary to intuition, the menu format
was nt7FiTter overtil rthan the step -by -step format; which format
is supetidr lepends on the user's experience. Under, some
conditions the specific experience with the actual device involved
can be more importantthan the user's general expeitise. If the

... device is faailiar, the menu format helps, as would be expected,
by r0Voing the amount of instructions hat must be read.
Subjects tend not to read familiar steps ch as descriptions of
how to power-up the equipment which everyon knows, nor do they
read descripti)nsof procedures that are very similar to ones they
have just ompLeted. (i a device is not familiar, the user can go
astray, d the'result may be much worse than using step-by-step
instructio s in terms of total completion time.

Expertise Effects. Expertise had'both specific and general
effects in these- results. Experts were faster overall, bothin
the menu and tie step-by-step conditions. But experience with the
specific device can be as important as the general experience.
The experts were more efficient than the nonexperts in terms of
being abl'b to -...arry out complicated physical activities. Although
everybody knows certain things about electronic equipment, such as
how to turn on a device, even on everyday devices the experts are
more efficient and more consistent in their activities tlian

nonexperts. .

Prior knowledge of electronic devices. It was prop sed that
since people appareWTly have schema knowle electronic
ilevices, that they would also have knowledge schematic
'procedures for operating devices. A primar' ch cteristic of
such schematis procedures would be a high degree . of
stereotypicality in, how the devices were operated when subjects,
did not choose to read instructions. This expectation was
contradicted oy the' data; .there was very little stereotyped
behavior when subjects operated the devices stratlyen :the'ibasis
,yf their prior knowledge. .

A more acz.urate assessment is based on making a distinction
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 steps meet loose
constraints that are imposed by the nature of theidevice,,but do
not otherwise fall into a strict stereotyped sequence. This
problem-solving strategy is very tobust but it is indonsistent

37
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between individuals and can be inefficient. experts clearly have
much more powerful strategies than nonexperts for operating
devices on the basis only of prior knowledge, but in the case of
unfamiliar eqOpment, their performance may actually be
considfrably poorer than that of nohexperts who are following
strict step-by-step instructions.
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