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Detailed Studies

While it was possible, above, to spell out the general outlines of a
model, the settling of several issues depends on more detailed analysis.

Reasons for and frequency of GetFromMs. 1t is easily observed that
the user ofien consults the manuscript several times during the course of
a task. Under what conditions and how frequently will he consult the
manuscript? And in particular, how can a method be written to describe
the variable number of consultations the user requires in pointing to a
target?

User SI's performance on the sixteen insertion tasks in the two
manuscripts was examined with respect to the use of the GetFromids
operator. There were 40 instances of such an operator. Three different
pieces of information the user sought to pick up from the manuscript
could be identified:. the location of the task, the operation to be
performed, and the new text to be inserted. Of course, from a single
look at the manuscript the user often picked up more than a single piece
of information. Table 7.4 shows the distribution of reasons inferred for
looking at the manuscript arranged by the number of characters in the
new string. Each line in the table is a separate task. Each entry is the
number of times the user looked at the manuscript for that reason in that
task.

For example, on task Al, the user consulted the manuscript once at
the beginning of the task. Since she proceeded to point at the target and
then insert the new text without further consultations, she must have
obtained all of these on the first look. It is therefore inferred that the
location of the task, the operation to be performed, and the text to be
inserted were all absorbed in that single consultation.

But on task Al8, she looked once at the beginning of the task, then
twice more at the manuscript before finally pointing to the target. Then
she looked again before beginning to type in the new text. While typing
she glanced back at the keyboard twice. From the first look she
probably learned the approximate location of the task and the operation
to be performed. On the second look she got another rough location of
the target insertion point. On the third she learned the exact target
position and on the fourth glance got the beginning of the text to be
inserted. At this point she proceeded to type while watching the
manuscript with small glances back to the display or keyboard to check
for suspected crrors or locate different keys (see l.ong, 1977). These
glances arc tallied in the “Type-watching” column. Since this sort of
Getl'romM s overlays the Key operations it will be hercafler ignored.
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TABLE 7.4

REASON AND FREQUENCY FOR LOOKING AT MANUSCRIPT

Reason for Looking
at Manuscript

Task N chars. Next Target New Total Type-
Task Location Task watching
(GNT)  (GL) (GN)

Al 1 0 0 . 1

A2l 1 0 1 2

B8 1 1 3 1 S

B26 1 0 0 1

Ab 1 1 0 2

A32 1 2 0 3

B2 4.7 1 0 0 1

B23 1 0 0 1

A3 1 0 1 2

Al4 1 1 1 3 1

Bl 18.2 1 1 1 3

B16 1 1 2 4 1

Al8 1 2 1 4 2

B6 75 1 1 3 2

A30 1 1 1 3 4

B10 522 1 0 0 1 7

The procedure for locating a target (GL column) is especially
interesting. It typically goes as follows. First the user extracts a few
words from the manuscript to use as a key. Either the words may be the
exact target or some other words or characters she thinks may be
heuristically useful.  In either case she uses the mouse to point to the
key. If the key is only a rough approximation to the target she does not
bug the target, but looks over to the manuscript and repeats the
procedure. Otherwise she bugs the target and moves on to the next step
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TABLE 7.5

COMPARISON OF NUMBER OF GL OPERATIONS IN
SEQUENCE WITH POISSON DISTRIBUTION

Number of : Frequency
GL Operators Observed Predicted
in Sequence 16 (0.81Ve 081/ 1)
0 7 7.1
1 6 58
2 2 23
3 1 0.6
4 0 01

of the task. This method of locatmg the target is here called the
ZeroInMethod and may be described,

(ZeroInMethod
(while (is #RoughKey *Targer)
do (PointToTarget *PlaceInMs *Target ’Don’tBug)
(GetFromMs **Target *WhichTargel)
finally (PointToTarget *PlaceInMs *Target Bug))).

*Target is the identifying key extracted from the manuscript by the user.
*PlaceInMs represents her memory for which task she is domg
*WhichTarget identifies which of several possible  targets

she is considering (for example a move task has an InsertionPoint and an
OldText). -

Although it has not been possible to decide for any task how many
times (GetFromMs *Targeny will be invoked in succession (and in an
engineering analysis, such a prediction would usually need to be done in
the absence of a particular manuscript) the numbers in Table 7.4 are
well approximated by Poisson distribution of mean 0.81 (see Table 7.5).
Hence the operator (GetFromMs *Targer) should be constructed so as to
pick up rough location keys in such proportion that the number of
iterations will be Poisson distributed.
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TABLE 7.6
FREQUENCY WITH WHICH SUBJECT 1 EMPLOYED ALTERNATIVE

METHODS FOR GOAL POINT THERE AS A FUNCTION
OF DISTANCE OF TARGET FROM TOP OF SCREEN

Lines from PointWithoutScrolling ScrollAndPoint  Jump
Top of Screen Method Method Method
On Screen 1-4 6

5-8 9

9-12 3
13-16 2 1
17-20 1 2
21-24 2 1

Off Screen  25-28 1 1

29-32
33-36 1
37-40 3

Scrolling. On a given task, the user might not reposition the screen
at all. Or, he might “scroll” with the mouse to reposition the text up or
down by a few lines on the screen (by moving the mouse to the left side
of the screen and pushing a button the display can be made to jump a
certain number of lines up or down). Or he might “jump” to a new
location (by typing the letter J followed by some string of characters the
text can be repositioned so that the first following instance of these
characters will be at the top of the display). How can a set of selection
rules be written which will predict the user’s choice?

On each task the user has a choice of methods for adjusting the
portion of the text file being displayed. In order to examine the way in
which the user does scrolling, S1's performance on all of the tasks in the
first manuscript were examined. For each task the number of lines from
the top of the screen to the target were counted, and whether the user
caused the text to be repositioned in the screen and how was recorded.

Table 7.6 shows the number of times the user adopted each of these
methods as a functiom of the distance of the target from the top of the
screen. The results for this subject may be simply expressed, if the target
is in the top two-thirds of the screen, she does not reposition the screen;
if the target is in the bottom third of the screen, she scrolls; ' if the target
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is off the bottom of the screen, she uses the jump command:

(Top2/3Rule
(if (is #MainPart *ScreenPosition)
then (CHOOSE PointWithoutScrollingMethod)))

{Bottoml/3Rule
(if (is #NearBottom *ScreenPosition)
then (CHOOSE ScrollAndPointMethod)))

(OffScreenRule
(if (is #OffScreen *ScreenPosition)
then (CHOOSE JumpMethod)))

The MainPart of the screen is from 1 to 19 lines, the NearBottom part
from 20 to 24 lines. All others are OffScreen.

This set of selection rules has the advantage that it makes clear the
mechanism whereby the user makes his choice. It has the disadvantage
that it demands knowing the state of the screen at some arbitrary point
in the editing process. It would therefore be useful if there were a
reasonably accurate set of selection rules which did not demand such a
detailed knowledge of the situation.

The distance between two targets of the manuscript is easily
determined by inspection of the manuscript alone. Table 7.7 shows the
selection in methods as a function Dy, the number of lines from the last
target. The selection rules are not as precise and make more errors, but
have the considerable advantage that they can be determined without
consideration of the details of how the screen will be updated A set of
selection rules based on Dy is given below.

(LittleDyRule
(f Dy < 16
then (CHOOSE PointWithoutScrollingMethod)))

(MediumDyRule
(f 16 > Dy < 25
then (CHOOSE ScroliAndPointMethod)))

(BigDyRule
(f Dy > 25
then (CHOOSE JumpMethod)))
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TABLE 7.7

Frequency with which Users Employed Alternative Methods
for Goal PointThere as a Function of Distance Between Tasks

Distance from - Sl S2 S3 S4
Previous Task PWSM? SAPMP JM¢ PWSM SAPM PWSM ' SAPM PWSM SAPM
0 12 11 2 13 12 1
1 16 15 1 15 1 15 1
4 11 2 10 3 8 5 7 6
16 3 6 7 4 11 2 13 2 13
32 7 7 1 6 7 3 4

2 PointWithoutScrollingMethod
® ScrollAndPointMethod
¢ JumpMethod
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How well do these two rules predict the user's method selection? Table
7.8 gives a number of statistics calculated for each rule. The hit rate is
the percentage of time the rule was correct. The xz statistic can be used
to test the likelihood that these results could arise from chance. A
normalized statistic which indexes the goodness-of-fit is the “correlation
of attributes” r = (x*/N(k - 1))2. While the rule set based on the
position of the target on the screen is better, the other rule set based on
the distance between targets on the manuscript also makes a good
showing.

This result encourages us to use the simpler distance between targets
measure to examine the behavior of other users to see how stable these
methods are across users. Table 7.7 shows the frequency with which the
three other users used the differerent pointing methods. The main
difference between these users and the first user is that they do not have
the JumpMethod in their repertoires. All three switch from no movement
to the ScrollMethod as the distance increases. The cross-over point varies
from a distance of 4 lines between targets up to 11 lines. It would thus
appear that the selection rule set

(LittleDy2Rule
Gf Dy < 8
then (CHOOSE PointWithoutScrollingMethod)))

(BigDy2Rule
Gf Dy > 8
then (CHOOSE ScrollAndPointMethod)))

is a reasonable rule set for those users who do not use the Jump method.

If the scrolling is the only means employed to move the text on the
display, then almost independent of the distribution of tasks on the
manuscript, the amount of scrolling will be determined by the length of
the manuscript. From examination of the data from S2, S3, and $4,
there are approximately 16 lines/scroll, hence the number of scrolls a
user who does not use the Jump or Find command can be expected to do
is given by

Total scrolls = 007 X Total lines in manuscript.

Table 7.9 shows the number of lines per scroll computed for individual
users. Reasonable scrolling behavior may be approximated by having the

model scroll 16 lines at a time.
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TABLE 7.8

Goodness-of-Fit for Alternative Selection Rule Sets for Goal PointThere

Manuscript 1 Manuscript 2

Rule Set User Hit Rate x? r Hit Rate  x? r
Topl/3Rule S1 0.85 35902 0.74%
Bottom1/3Rule
OffScreenRule
BigDyRule S1 0.85 30.97 0.68 0.75 10.29 040
LittleDyRule
BigDy2Rule S2 0.94 24.04 0.87 0.85 14.73  0.67
LittleDy2Rule S3 0.94 24.92 0.87 0.85 1473  0.67

: S4 0.88 17.84 0.74 091 2122 0.80

a Al X2 in table significantly different from 0, p < 0.01.
b All r in table significantly different from 0, p < 0.05.
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TABLE 7.9

AVERAGE NUMBER OF LINES PER SCROLL FOR DIFFERENT USERS

Number of Lines per Scroll

Non-Error Error All
User Tasks Tasks Tasks
S1 16.3 15.5 17.5
S2 16.3 21.5 17.7
S3 127 7.9 116
S4 20.2 11.6 16.1
Average 164 - 14.1

15.7

Statement of the Model

Now the full model can be stated. The GOMS elements are given in
Table 7.10. These are stated in a specialized notation which collects
together methods, and selection rules for a goal. The concepts of the
model and the full description of the two manuscripts is given in the
Appendix.

A trace of the model for task A2 is given in Table 7.11. The
elements preceeded by a » symbol are operators. Those preceded by O

-are transactions. Table 7.11 is only one of the possible sequences the
model predicts for this task. Adopting the abbreviations

GNT = (GetFromMs *Task)

GL = (GetFromMs *Target ...)
GN = (GetFromMs *NewText ..)
PR = (Point .. Don'tBug)

PB = (Point ... Bug)

and writing down only the sequence of operator firings predicted by the
model give the more compact version

GNT PR GL PB I 16 VE.
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TABLE 7.10

METHODS AND SELECTION RULES FOR EDITOR Y

(GOAL EditMs ()
(METHODS _
(OncAtATimeMerhod
(until *EndOfJob do (EditUt)))))
(GOAL [EditTask ()
(METHODS
(GDVMethod (GetTask)
(DoTask *Task)
(with-probability .4 do (VerifyEdir)))))
(GOAL GetTask ()
(METHODS
(ReadTaskInMsMethod
(GetFromMs '’ *Task))))
(GOAL Insert (*InsertionPointKey *NewText)
(METHODS
(ICommandMethod
(if ~ *InsertionPointKey then (GetFromMs ’*InsertionPointKey))
(SelectTarget *PlaceInMs ’InsertionPoint: *InsertionPointKey)
()
(if ~ *NewText then (GetFromMs '*NewText))
(if *NewText ~= "Default then (Key *NewText)))))
(GOAL Delete (*OldTextKey)
(METHODS
(DCommandMethod.
(if ~ *OldTextKey then (GetFromMs *OldTextKey))
(SelectTarget *PlacelnMs ’OldText: *OldTextKey)
(D))
(GOAL Replace (*OldTextKey *NewText)
(METHODS
(RCommandMethod
(if ~ *OldTextKey then (GetFromMs **OldTextKey))
(SelectTarget *PlaceInMs 'OldText: *OldTextKey)
®)
(if ~ *NewText then (GetFromMs **NewTexf))
(if *NewText ~= ’Default then (Key *NewText)))))
(GOAL Move (*InsertionPointKey *OldTextKey)
(METHODS
(Delete-InsertMethod
(Delete *OldTextKey)
(Insert *InsertionPointKey ’'Default))))
(GOAL SelectTarget (*PlaceInMs *WhichTarger *Target)
(METHODS
(ZeroInMethod
(while (is #RoughKey *Target) :
do (PointToTarget *PlacelnMs *Target 'Don’tBug)
(GetFromMs “*Target *WhichTarget)
finally (PointToTarget *PlaceInMs *Target "Bug))))
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TABLE 7.10
(continued)
(GOAL PoimtToTarget (*PlacelnMs *Targer *Bug)
(SELECTION-RULES
(RoughLocRule
(if (is #RoughKey *Target) then (CHOOSE RoughPointMethod)))
(TextsegRule
" (if (is #Textseg *Target) then (CHOOSE TextsegPointMethod)))
(CharPointRule
(if (is #Character *Target) then (CHOOSE CharPointMethod)))
{ WordPointRule '
(if (is #Word *Target) then (CHHOOSE WordPointMethod)))
(InsertionPointRule
(if (is # PlaceInMs *Target) then (CHOOSE InsertionPointMethod))))
(METHODS
(RoughPointMethod

(GetFromDisp '*ScreenPosition *Target *PIaceInMs)
(PointThere *ScreenPosition ’Word *Bug))
(CharPointMethod
(GetFromDisp "*ScreenPosition (the Location: of *Terget) *PIachnMs)
(PointThere *ScreenPosition "Character *Bug))
(WordPointMethod
(GetFromDisp *ScreenPosition (the Location: of *Target) *PlaceInMs)
(PointThere *ScreenPosition "Word *Bug))
(TextsegPointMethod
(GetFromDisp '*ScreenPosition (the StartLoc: of Target) *PlaceInMs)
(PointThere *ScreenPosition ‘Character *Bug)
(GetFromDisp "*ScreenPosition ‘Character *Bug)
(PointThere *ScreenPosition ‘Character *Bug))
(InsertionPointMethod
(GetFromDisp **ScreenPosition *Target *PlaceInMs)
(PointThere *ScreenPosition 'Character *Bug))))
(GOAL PointThere (*ScreenPosition *TargetType *Bug)
(SELECTION-RULES
(Top2/3Rule
(if (is #MainPart *ScreenPosition)
then (CHOOSE PointWithoutScrollingMethod)))
(Bottoml/3Rule
(if (is # NearBottom *ScrecnPosition)
then (CHOOSE ScrollAndPointMethod)))
(OffScreenRule
(if (is #OffScreen *ScreenPosition)
then (CHOOSE JumpMethod))))
(METHODS
(PointWithoutScrollingMethod
(Point *ScreenPosition *TargetType *Bug))
(Scroll AndPointM ethod
(Scroll *PlacelnMs)
(Point *ScreenPosition *TargetTvpe *Bug))
(JumpMethod (Jump *PlacelnMs)
(Point *ScreenPosition *Targetlyvpe *Bug)))




166 ' CHAPTER 7
, TABLE 7.11
TRACE OF SIMULATION MODEL FOR SEQUENCE 8 OF TASK A2

. (EditTask)
The only method is GDVMethod
Use GDVMethod
. (GetTask)
The only method is ReadTaskInMsMethod
Use ReadTaskInMsMethod
» (GetFromMs *Task NIL)
3 (Manuscript! (ReadNextLocation: Al)) —> A2
O (Manuscript] (ReadAttribute: A2 Function:)) => Insert
O (Manuscript] (ReadAttribute: A2 NewText:)) —> Characterl
. (Insert (is # RoughKey) Characterl)
The only method is ICommandMethod
Use ICommandMethod
. (SelectTarget A2 InsertionPoint: (is # RoughKey))
The only method is ZeroInMethod
Use ZeroInMethod
. (PointToTarget A2 (is #RoughKey) Don’tBug)
RoughLocRule recommends RoughPointMethod
Use RoughPointMethod
P (GetFromDisp *ScreenPosition (is # RoughKey) A2)
O (Display (ReadLocation: A2)) = (is # MainPart)
. (PointThere (is # MainPart) Word Don’tBug)
Top2/3Rule recommends PointWithoutScrollingMethod
Use PointWithoutScrollingMethod
» (Point (is # MainPart) Word Don'tBug)
P (GetFromMs *Target InsertionPoint:)
O (Manuscriptl (ReadAttribute: A2 InsertionPoint:))
~> InsertionPoint2
. (PointToTarget A2 InsertionPoint? Bug)
InsertionPointRule recommends InsertionPointMethod
Use InsertionPointMethod
P (GetFromDisp *ScreenPosition InsertionPoint2 A2)
3 (Display (ReadLocation: A2)) —> (is #MainPar?)
. (PointThere (is # MainPart) Character Bug)
Top2/3Rule recommends PointWithoutScrollingMethod
Use PointWithoutScrollingMethod
» (Point (is # MainPart) Character Bug)
[ (User1 SelectionMade:) => NIL
{3 (EditorY Bug:) —> Ready
X0))
O (EditorY (1)) = Ready
P (Key Characterl)
[3 (EditorY (Keéy: NewText)) —> NewText

Y (VerifyEdif)
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By running the simulation model several times the model can be used to
make Monte Carlo predictions (Table 7.12) of:

1. the set of possible operator sequences the user will employ to
do an editing task;

2. the relative fréquency with which the different operator
sequences will be employed;

3. the distribution of time for each of these sequences; (The
table gives the means, standard deviation, 5th and 95th
percentile limits.) '

4. and finally, the distribution of times for the whole task.

By combining the predictions for each task, the model can be used to
make predictions for an entire manuscript.

Estimation of Parameters

In order to make time predictions with the model it is necessary to
make numerical estimates of several of its parameters. Because a model
such as this one is to be used to predict user behavior in advance, and
since there is no established methodology for optimizing a simulation
model with such a large set of parameters, we do not seek that set of
parameters which will optimize the fit of the model to the data. Rather,
we attempt to make reasonable estimates of the parameters in advance,
then test the predictions of the model against experimental evidence to
see how well its predictions fared.

The estimates for the parameters are summarized in Table 7.13. The
times for operators GetFromMs and TurnPage is taken from Chapter 4.
The time to Point with the mouse is taken from Chapter 6. Since the
data in that study were pointing times in isolation, the measurements
were confirmed by comparing with measurements of S1 in the present
editing task. The time for Buging with the mouse is set at one reaction
time, 0.3 sec. Each of the commands /, R, and D is assumed to take
about the same time for command invocation, plus additional time for
typing in arguments. The command invocation is estimated to be like
doing two SPECIFY-CMD operations in POET, since there is the
command name to be typed and an < ESC > character at the end. The
time for Verifvldit is based on the time previously measured for Editor
Y (based on 12 measurements). Keystroke time is based on an average
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TABLE 7.12

PREDICTED TASK SEQUENCES AND SIMULATION STATISTICS FOR TASK A2
(TIMES IN SEC)

Seq No  Sequence Freq Mean SD 5th-%tile 95th-%tile
1 GNT PB I GN 1 17 81 19 5.5 12.8
2 GNT PB I1 15 52 15 31 7.4
3 GNT PR GL PBIGN 1 11 115 25 8.2 17.4
4 GNT PBI1V 10 70 24 45 12.1
5 GNT PR GL PBI1 9 81 14 6.0 9.8
6 GNT PR GL PR GL PBI GN' 1 8 156 ' 2.7 11.7 20.1
7 GNT PBIGN11V 7 7.7 9 7.0 9.6
8 GNT PR GL PBI1V 6 99 33 7.4 142
9 GNT PR GL PR GL PBI1 5 120 33 9.2 17.1
10 GNT PR GL PBIGN1V S 115 20 9.3 14.2
11 GNT PR GL PR GL PR GL PBI1V 2 172 18 159 18.5
12 GNT PR GL PRGL PBI1V 2 125 52 8.8 16.1
13 GNT PR GL PR GL PR GL PB 1 2 176 8 170 18.1
14 GNT PR GL PR GLPBIGN1V 1 131 - 13.1 13.1

Overall 100 95 3.9 43 174
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TABLE 7.13

'PARAMETER ESTIMATES FOR MODEL

Estimated Time (Sec)
Parameter Mean SD Source

User Parameters

GetFromMs 21 0.9 Card, Moran, and Newell (1976), Figure 5.2

TurnPage 2.1 14 Card, Moran, and Newell (1976), Figure 5.2

Scroll 2.6 14 Measurement of 10 instances

Point 1.7 1.3 Card, English, Burr (1977), Table 1

Bug 03 0.2 1 reaction time :

I D, R 0.8 0.6 Card, Moran, and Newell (1976), Figure 5.2

~ (two SPECIFY.CMDs)

VerifyEdit 11 1.0 Measurement of 12 instances ,

KeystrokeTime 0.127 0.064 Average of two typing tests, SD = 0.5 Mean
System Parameters ;

I D, R 11 04 Measured response time of 25 instances

J 1.0 1.0 Measured response time of 10 instances

Scroll 1.7 1.2 - Measured response time of 10 instances
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of two typing tests embedded in an editing exercize given to the user
before the start of the experiment as a warmup. The standard deviation
for the keystroke time is estimated by multiplying the mean time per
keystroke by a typical coefficient of variation for typing of 0.5 (Kinkaid,
1975).

In order to estimate response time of the system, 25 I, D:, or R:
command invocations were measured. Since there was no obvious
difference among the times taken by these commands, their measured
times were pooled to give a common estimated time. Ten invocations of
J: commands and ten of Scrolls: were also measured. These parameter
estimates are necessarily sketchy, given the labor of obtaining them. But,
in an exploratory model they suffice to give us a feeling for how well the
model does in its prediction. Engineering use of such a model would
most likely use equally rough parameter estimates.

7.3 PREDICTIONS OF MODEL

The model makes predictions for the sequence of operations to be
used, the frequencies with which these sequences occur, the time for
editing a manuscript, and the standard deviation of editing times.
Comparison of these predictions with available data indicates that the
model is about as good as running another subject.

Prediction of Operator Sequences

In order to predict the operator sequences for Manuscriptl, 100
Monte Carlo runs were made for each task in the manuscript. A detailed
analysis of the operators actually used by user S1 for the tasks in this
manuscript was completed by hand from the videotapes. As illustrated
in Table 7.12, the model predicts several different sequences which might
be used by the user. Since on a given trial the user might have used any
one of these sequences, the predicted sequence closest to the observed
sequence was selected. The accuracy with which the model predicted the
sequences was determined by first examining how well the closest
sequence matched, and then checking whether these sequences occurred
with the predicted frequency.

There is no accepted statistic with which to summarize goodness-of-
match, so this was assessed in several ways. The simplest method is to
just note how many sequences were matched exactly. For tasks done
correctly by the user, the model produced an exact match half of the
time. Tasks in which the user made an error were never matched exactly

by the model.
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Another method by which goodness-of-match can be assessed is to
ignore the scquence propertics and correlate the frequency with which
operators are predicted to occur against the frequency with which they
do occur. For cach task the corrclation between the sequence observed
for S1 and the (best matching) predicted sequence was computed (see

Table 7.14).

' The model predicts well the frequencies of operators for tasks the
user performed correctly.  The average correlation is 0.94.  All of the
correlations for these tasks are significantly different from 0 at p < 0.01.

The model does not attempt special predictions for the case in which
the user makes an error. It is thercfore appropriate (and reassuring) that
the average correlation falls to 0.61 and that only half arc significantly
different from 0 at the 0.01 level .

A third way by which goodness-of-match may be assessed is to count
the number of insertions, deletions, and transpositions necessary to
transform the predicted sequence into the observed sequence. This
method makes use of the sequence properties of the prediction. The
column labeled “Sequence” in Table 7.14 gives the nearest predicted
sequence of operators for each task and the operations necessary to
transform the predicted sequence into the closest observed one. For
example, the closest simulation sequence predicted for the replacement
task A3l was

GNT S PB PB R GN 19

But the observed sequence was

GNT J GL PB PB GN R 19

" (The user used the JumpMethod instead of the ScroliMethod predicted
and also got the new text from the manuscript before beginning the
replace command, rather than after.) The differences between these two
sequences arc expressed

GNT (S)lJ GL] PB PB R=GN 19.

The rounded brackets () mean “delete the enclosed elements,” [] means
“insert the enclosed clements™ and % means “transpose the adjacent
elements.” :

The distance of one string from another can be indexed by computing
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TABLE 7.14

GOODNESS-OF-FIT FOR PREDICTED SEQUENCES BEST MATCHING SEQUENCES OBSERVED FOR USER S1

Structure Comparisons Time(sec)
Task Sequence r 3 Rank Prob Pred Obs
Insertion
A2l GNT PR GTPBI1 1 0 5 0.47 9.6 59
A2 GNT PRGTPBI1 1 0 55 040 9.6 13.7
Ab TP GNT S PR GT PR GT PB 14V 1 0 14 002 213 15.9
A32 GNT PR GTPB IS5V 1 0" 4 040 112 13.0
A3 GNT PBIGN19V 1 0 25 060 113 227
Al4 GNT PR GT PR GT PR GT PBIGN20V 1 0 7 005 228 13.8
Al8 GNT (J) PR GT |S] PR GT PR GT PB I GN vV 092 023 6 012 252 350
*A30 TP GNT(PR)S) GT[S] PB I GN510 V[PB PB R 1 Vs SJ 003 144 4 035 796 1417
Replacement
*A27 GNT S|[GT)PB(R)GN[[J1V 054 08 .95 022 133 12.6
*Al5 GNT S[GI)PBR1VI{PB DY) 075 100 6 035 112 171
A8 GNT J[GT] PB PB R=GN 4 091 043 1 100 127 201
Al7 GNT PBR4V 1 0 S 0.34 7.3 17.6
A26 GNT PB PB(R) GN [1 17 081 067 3 055 117 135
A3l GNT (S)[J GT) PB PB R=GN 19 072 071 1 100 162 - 263
A4 GNT S(PK) GT PB[GT)PBR GNT9 V 093 040 4 0.3 287 26.2
Deletion
*Al2  GNT[J] PR GT(PR)PBI|GT PBD[PBGNT V 054 100 6 005 171 118
A23 TP GNT PBDV 1 0 3 0.53 89 131
Al9 TP GNT PR GT PR GTPBPBDV 1 0 4 025 144 127
A4 GNT PR GT PR GT PR GT PB{PB}D V 097 020 8 002 182 215
AS GNT [S] PR GT PR GT PB PB D 095 025 65 014 193 226
A28 GNT PR GT PB PB D 1 0 1 100 112 16.2
A29 GNT (S PR)|GT J) GT(PR)J1 GT PR GTPBPBD YV 073 067 65 006 242 422
Transposition i
A20 GNT J{GT) PR GT PB(PR GT) D (PB) 1V 092 050 25 066 196 17.4
*A7 GNT PR GT PBD[D)(PR)I[I3)V 070 088 4 032 142 337
Move
*All GNT PR GTPBI[PBIDPBI[I1V GTPBPBDIV 089 125 35 056 142 19.6
*Al GNT PR GT PB PBIPBI D (PR GT) PBIV 083 045 4 035 197 354
Alé GNT PR GT PR GT PB [PB] D (PR GT P V [PB D 1} 085 083 5 020 235 143
Al0 GNT PR GT PR GT PR GT PB PB D 1 0 6 19.7 64.2

011
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B =W+ D+ Sy + DS f

where

~
I

Number of operators inserted
D = Number of operators deleted

S;p = Number of non-contiguous sites
where insertions or deletions occur.
T = Number of transpositions.

This index counts the number of changes per predicted operator firing
necessary to transform the predicted sequence into the actual sequence.
For correct tasks 8 has a fairly reasonable value of 0.23, about one
change every four operators. For error tasks, however, 8 = 0.98 or one
change for each operator.

There is no agreed threshold for these statistics that will certify the
sequence predictions of the model. About the best that can be said is all
the statistics seem to agree and indicate that the model makes good
predictions for user S1’s error-free performance. All agree and indicate
the sequences predicted by the model are not descriptive of Sl’s
performance for tasks on which she makes errors.

How well. does the model predict the frequencies with which the
alternative sequences are chosen? The column labelled “Prob” in Table
7.14 records the proportion of sequences occurring in the simulation with
frequency less than or equal to the matched sequence. If we divide the
tabulated value into quintiles, an equal number of matches should fall
into each group. For the correct tasks, this is the case (Kolmogorov-
Smirmov D(21) = 22, NS p > 0.20). For error tasks, there are more
sequences in the low probability quintiles than would be expected by
chance (IX7) = 046, p < 0.05). The model satisfactorally predicts
sequence frequencies for S1's correct tasks: it does not predict sequence
frequencies for her error tasks.

Prediction of Time Distributions

If the prediction of the sequences is acceptable, how well does the
model fare in predicting the time necessary. to perform the task? It
should be remembered that these predictions are  essentially  zero
parameter predictions.  The first obvious comparison Lo make is between
the observed times for S1 and the predicted times of the best match
sequences of Table 7.14. This comparison is made in the column labeled
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“BestMatch” of Table 7.15. As can be seen from the table, the predicted
average time per task for correct tasks is about 43% too low. The root
mean square of the error (RMSE) is about 36% of the average time/task.
The correlation between predicted times and observed times is quite low
(r-= 0.32) for correct tasks, but very high (r = 0.99) for error tasks.
The very high correlation for error tasks results partially because two
tasks with a large number of characters to be typed are error tasks.
Actually, in absolute terms, the error tasks are predicted less well than
the correct tasks as can be seen from the larger RMSE for error tasks,
some 48% of the mean predicted time.

The next comparison to make is between the times predicted by the
model using the mean time for each operator. This comparison appears
in the “Var Off’. Surprisingly these predictions do just as well if not
slightly better (in the sense that they have a higher correlatlon and lower
RMSE) than the “best match” predictions.

Finally the predictions of the model using gamma-distributed random
numbers with means and variances as given by the model parameters are
compared with S1’s observed performance in the column labeled *Var
On.” The main point of this model is to attempt a prediction of the
distribution of task times. Since data was not available for S1
performing the same set of tasks scveral times, the model was used to
predict the standard deviation of all the tasks taken together. Using the
operator variances causes the model to increase its prediction of the
standard deviation of the combinded set of tasks about 50%, to a value
closer to but still only half of that observed for correct tasks.

One way of puting these predictions into perspective is to compare
the time predictions with the predictions that could be made by simply
timing how long it takes another user to do the same task. This
comparison is made in the last three columns. Roughly, the model does
about as well as experimentally running another user.

7.4 SUMMARY
The model is a reasonably good predictor of the sequence of
operators for tasks done correctly by the user.

It exactly predicted the sequence half the time.

The predicted frequencies of operators correlated 0.94 with those
observed.

The sequences occurred with the predicted frequéncies.
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TABLE 7.15

COMPARISON OF OBSERVED EDITING TIME BY SUBJECT S1 WITH PREDICTORS

Observed  Model Prediction Compared to Other Users
Sl Best Var Var Sz S3 S4

Match Off On

Correct Tasks (N =21)

Mean time/task (sec) 22.6 15.8 149 146 19.0 13.7 55.5
SD time/task (sec) 13.8 6.1 46 66 173 184 62.5
RMSE (sec) . 145 13.8 147 104 132 63.5
r 0.32 057 042 0.82 0.73 0.70
Error Tasks (N=17)
Mean time/task (sec) 389 23.2 243 233 494 26.7 69.2
SD time/task (sec) 46.3 249 239 265 95.9 420 99.2
RMSE (sec) 26.2 257 263 48.8 15.0 58.6
r 0.98 099 098 0.98 0.98 0.98
All Tasks (N=28)
Mean time/task (sec) 26.7 17.6 17.3  16.7 29.9 17.0 61.2
SD time/task (sec) 259 13.3 126 - 199 50.3 229 71.4
RMSE (sec) 18.2 175 183 264 13.7 62.3

r 086 092 089 094 094 081
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On the average, it was necessary to make one adjustment to the
sequence for each four operator firings.

It does not try to predict the sequence of operators which will ensue
after an error and these error sequences are significantly different from
the predicted sequences.

The mean time per task is predicted by the model to within about 50-
60% of the observed values.

The observed standard deviation is about twice what the model
predicted.

The root mean square of the error deviations between predicted an
observed values is about 50-60% of mean time for a task. This compares
to the roughly 30% obtained for models of the POET editor.

The simulation model predicts the times roughly as well as running a
human subject.

These results are for “essentially zero parameter predictions and with
rather sketchy data. The fit of times could probably be improved
somewhat by better quality data. For example the parameters based on
the POET editor and other sorts of Editor Y tasks apparently
underestimated the variance in this situation. On the other hand such
simulations face limitations in their reliance on the summation rule for
accumulating times, and other techniques for estimating times should be
compared against these results to ensure there is sufficient gain from the
simulations to repay their costs. '
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8

Conclusion

8.1 Findings

8.2 Routine cognitive skill
The internal mechanisms of the user
The principle of limited rationality
Relation to problem solving
Relation to other skilled behavior

What can we predict about.the behavior of the user in the
manuscript editing task? What will be his sequence of actions? How
long will it take him to perform them? What sorts of errors will he
make? What- do we now know about user performance in editing
systems? Let us review the major findings of the thesis.

8.1 FINDINGS

The main findings of the thesis are classified according to topic in Table
8.1. The six studies described in the preceding chapters fall into a
cyclical pattern of basic research and application.

[BASIC RESEARCH]

I. What performance differences are there between editors?

(Chapter 2:  Benchmark™ study of editing systems)
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Significant speed differences (up to about a factor of 3) exist between
editors as a consequence of the number of keystrokes/task required and the
use of a page display.

2A.

2B.

2C.

2D.

2E.

2F.

2G.

When editors were compared by determining the times required
by expert users to perform benchmark tasks: Letter Typing,
Manuscript Editing, Table Typing, and Text Assembly, there
was a greater difference among editors in the time to perform
the Manuscript Editing benchmark than in the time to perform
the other benchmarks.

The RCG editing system (7 sec/modification) is faster than
Editor Y (10 sec/mod), which is faster than TECO (11
sec/mod), which is faster than POET (17 sec/mod). All were
much faster than using a typewriter.

The ratio between the time required to edit the manuscript in
Chapter 2 with the slowest and the fastest editor is 2.3.  Making
allowances for the likely existence of slightly better and slightly
worse editors, it is probably correct to say the design of the
editor can make a difference of a factor of 3 in time to edit a
manuscript.

There was a difference of about a factor of 1.2 between the best
and the worst expert user within an editor.

Teletype-like editors took twice as long as display-oriented
editors (even though compared on CRT output devices of the
same speed).

On the benchmark task, errors increased the average
time/modification by 9% (Range 0 to 24%).

The speed of an editor is largely a function of the number of
keystrokes required to do a task.

[APPLICATION]

-II. Can a priori analysis yield significant predictions about
editing performance?

(Chapter 3; Application: Predicting When an Editing System is Better
Than a Typewriter)
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It was possible on the basis of a simplé a priori analysis, using data
determined in Chapter 2, to predict the (surprising) outcome of a user
experiment on lext-editing.

3A

3B.

3C.

3D.

3E.

3F.

"The time to type a text and the time to edit a text with

WYLBUR are well fit with simple linear models.

From these simple theories, the length of text at which it
becomes faster to use an editor can be derived, as well as the
density of modifications per line of text at which it becomes
faster to retype the text instead of editing it.

For a WYLBUR-like (POET-like) editor the modification
crossover point is 0.7 modifications/iine, hence if there is more
than one modification every 1/0.7 = 1.4 lines, it is better to
retype the text from scratch than to edit it

A user should be able to type about 16 new words in the time
necessary to make a correction with WYLBUR, hence it is
better to type at slow speed making few errors than to type at
high speed with the intention of making corrections during a
second pass. '

Most of the prediction error of the Constant Time per
Modification model arose from errors in setting the parameters
rather than from errors in the form of the model.

Taylor approximations can be used to linearize the formulae for
expected editing time in such a way that the sensitivity of
predictions to error in input parameters can be determined and
so that the blame for prediction errors can be localized.

[BASIC RESEARCH]

. How is editing behavior organized? What effect does the
grain of analysis have on the quality of the model?

(Chapter 4: The GOMS Model of Manuscript Editing)

Editing behavior is organized into cvclical operator sequences (“unit task
cveles”). It can be described in terms of Goals. Operators, Methods, and
Selection Rules. Refining the grain size of a model does not seem to affect
much its predictive ability. :
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4A.

4B.

4C.

4D.
4E.
4F.

4G.

CHAPTER 8

User behavior in the manuscript editing task can be modeled in
terms of a small set of Goals, Operators, Methods, and Selection
Rules (GOMS). These elements can be used to produce models
that predict the sequence of operators and the time to perform a
modification.

GOMS models can be written at several grain sizes: Constant
time/modification models, task step models, argument-level
models, and movement-level models.

The GOMS model for POET did not improve in its ability to
predict performance (of a single user) on a new task after the
grain size was reduced below the 4 sec level (task step model).

With two or three selection rules it is possible to predict method
choices with 80-90% accuracy.

The time for a given individual modification can be predicted
by a GOMS model to within 20-35%.

Errors (for one subject using POET) increased editing time by
25%.

Individual differences were found among users in their
preferences among methods of locating the target line.

[APPLICATION]

IV. How can rough performance measures be estimated for a
system when it is in the conceptual design stage?

(Chapier S; Application: Predicting User Performance at an Early Stage
in System Design)

The unit task pattern discovered in Chapter 4 suggests a technique:
enumerate the number of unit tasks and estimate the number of these
required for a task.

SA.

Since user performance on many editor-like systems is organized
as a set of unit task cycles, the unit tasks of a system can be
used at design time to predict the amount of time various user
activities on the system can be expected to take.

kS
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5C.

5D.
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In order to carry through the above predictions, data on the
relative number of various features per page were collected
(Table 5.2).

Using the number of unit tasks per task, the number of tasks
per page, and the time per unit task it was possible to estimate
the user time per page for different system configurations
without knowing the details of the system.

While unit tasks do interact with each other, attempting to
capture this interaction by analysis at the next level of detail
changed the results by only about 6%.

[BASIC RESEARCH]

V. Which is the best pointing device and why?

(Chapter 6; Evaluation of Mouse, Rate-controlled Isometric Joystick, Step
. Keys, and Text Keys for Text Selection on a CRT)

The mouse is fastest and most error free of the tested devices.

6A.

6B.

6C.

6D.

6E.

OF.

The mouse (average positioning time 1.7 sec) is faster than the
measured joystick (1.8 sec) is faster than the text keys (2.3 sec)
is faster than the step keys (2.5 sec).

The time to position a cursor with a key device (step keys or
text keys) is proportional to the number of keystrokes necessary.

The time to position a cursor with an analog pointing device
(mouse or joystick) is proportional to log, (Distance/ Target-size
+ 0.5).

The time to position a cursor with the mouse is

T =1+ 01 log, (Distance/ Target-size + 0.5) sec

pos

The time to position the joystick measured was

Tpm = 1 + 0.2 log, (Distance/ Target-size + 0.5) sec.

The time to position the step keys is

T =1+ 0074(D /S + D/S).

pos
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where (D,/S, + D/S) is the number of keystrokes to the
target.

6G. The time to position the text keys is
Tr =107+ 021N

pos min®

where N, . is the minimum number of keystrokes to the target.

6H. The speed with which pointing can be done with the mouse is
close to the theoretical minimum.

[BASIC RESEARCH]

VI. How can the results be integrated into a simulation?
How can stochastic uncertainty be added to the model of
Chapter 4? Can the model be extended to a display editor?

(Chapter 7; Using GOMS to Simulate User Performance on a Display
Editor) '

A running computer simulation program was constructed incorporating
many of the results of the thesis. This program, to date, is about as good
at predicting editing performance as running another user.

TA. A GOMS model can be constructed and implemented down to
the detail necessary for a running computer simulation for a
display-based editor (Editor Y).

7B. The space of simple editing tasks is as given in Figure 6.3.

7C. The number of times a user looks at the manuscript before
selecting a target with his pointing device was Poisson-

i 1 1 i Ait AVAY
distributed with mean 0.21 (based on one user in Editor Y).

7D. Users will scroll when the target is in the bottom third of the
screen.

7E. Using two or three selection rules it was possible to predict the
method for pointing at a target about 85% of the time.

7F. Users were quite similar in their choice of when to scroll. The
main difference in screen movement methods found was
whether or not the user ever used the jump command.
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7G. Predictions of a GOMS simulation are about as good as
predictions from examining the performance of another user in
the same task.

7H. The simulator predicted sequences quite well (correlation between
predicted and observed operator frequencies = 0.94; on the
average, it was necessary to make one adjustment to the
sequence for each four firings).

71.  The simulator predicted the mean time per task to within about
50-60% of observed values.

7). The standard deviation of the time to do a task tasks was about
twice what the model predicted.

In Table 8.1, the Basic Research-Application cycle is broken down
still further.  Some findings from the basic studies contribute
measurements of constants such as performance time/operator. Other
findings represent the results at theory building exercises. Finally, some.
findings have to do with attempts to verify theories and hypotheses.
Table 8.1 shows that all are represented in the thesis.

The other side of the table lists three classes of applications: results
can be used (1) to calculate predictions of behavior, (2) to make design
decisions, and (3) to evaluate systems. The thesis has gone only so far
as to make some sample applications of the results obtained.

8.2 ROUTINE COGNITIVE SKILL

Having laid out the results of our investigation into the manuscript
editing task, it is time to ask how behavior in this task is related to, on
the one hand, problem solving behavior and, on the other hand, skilled
performance. Ultimately, the issue can be stated: how does the
behavior of a user in the manuscript editing task arise from the nature
of the user and his environment? The question is best discussed with
respect to fundamental notions of man as symbol processing system.

The Internal Mechanisms of the User

Figure 8.1 depicts a model of the internal mechanisms of the user.
The model comes from a wide range of basic experiments in
psychology. Immediate sources for the figure are Newell and Simon
(1972, Figure 4.1), Welford (1976, Figure 1.1), Sheridan Ferrell (1974,
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TABLE 8.1

CLASSIFIED TABLE OF FINDINGS

TOPIC

BASIC RESEARCH

APPLICATION

Data Base Theory Verification

Calculation Design Evaluation

II.

III.

Iv.

PERFORMANCE PARAMETERS

Time

Time Distribution
Errors

Operator Sequences
Method Choices

EDITORS
Comparisons
WILBUR Editor
POET Editor
TECO Editor
Editor Y

RCG Editor
Typewriter

POINTING DEVICES
Mouse

Joystick
Text Keys
Step Keys

INDIVIDUAL DIFFERENCES

MODELS

Task Analysis

Model Grain

Constant Time/UT Mods
UT Step-Level
Average-Level
Movement-Level

K evstroke

KEYSU0LE

2A,2B,2C,2D
2E,2F.2G,4F

. 2G4F

2B,2C,2E

2G,4H

2B
2B,7C,7D
2B

2B

58

6A
6A
6A

2A,7F,4H

58

7C

2F,2H,3A
3F,4A
7J

4A7H
4D, 7E

4D
7C7E,7J
7A

6C,6D,6!
6A
6C,6E
6B,6H
6B,6G

4A,7B
4B
2H,3F,4B
4B

4B

4B

2F

3E,4E,7G

7J

7H
4D,7E

3A
4C,4D 4E

7E,7G,7J

7E

7G,7A
4C
3E,3A4E
4E

4F

4F

2rF

3E,3D,3C,5C
3A

3D,3C

5C,3B,3C
5C

5A

LI R S T

5A
S5A

2A,2B

2A,2B

2B
2B
2B

2B
2B
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Figure 8.1, Internal mechanisms of the user
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Figure 1.2), and results of the present thesis. The user has a single long
term memory (LTM) of unlimited size which holds essentially
permanent knowledge. There is also a short term memory (STM) of
very limited size which holds the knowledge of the current task context;
this represents the user’s focus of attention. The user has organs of
sensation with their associated buffer memories and some perceptual
processing mechanism capable of rendering the sensations into symbols
and depositing them in the short term memory. He also has motor
organs and a motor control mechanism capable of executing limited
motor programs.

The three major d1v1510ns of the central mechanisms deal
respectively with perception, cognition, and the controlling of action
(Welford, 1968; Welford 1976). Knowledge flows into the short term
memory from both the external environment of the user and from his
long term memory. Both of these flows are determined or moderated
by the knowledge in the short term memory at each instant. Similarly,
the user’s initiation and control of external (motor) actions and of the
addition of new knowledge to his long term memory is determmed by
the contents of working memory.

The perceptual component and the motor control component of the
user are each capable of acting with a limited parallelism with the
cognitive component. Thus a user may touch type, the perceptual
mechanisms staying a word or two ahead of the motor control
mechanism (Shaffer, 1976). Thus a child arranging a set of blocks by
height may reach for the next block even as he is deciding where to put
it (Young, 1976).

The cognitive component may be thought of as working with three
logical processes: GET, SELECT-METHOD, and EXECUTE. These
processes relate the goals, operators, methods, selection rules, and
knowledge elements which describe the task, all in long term memory,
to the instantaneous state of the task as represented in short term
memory.

The Principle of Limited Rationality

The behavior of the user is the result of his attempt to achieve his
goals by rationally acting in accord with the imperatives of the task
environment (Simon, 1947; Simon, 1969; Newell and Simon, 1972).
Thus, to change a word in the manuscript (goal) he employs the replace
command (rational behavior), typing in the new word indicated on the
manuscript (task environment). The behaviour of the user is also the
result of limitations in his ability to behave rationally. To edit the
manuscript  (goal) he does not first read all of the indicated
modifications at once then proceed to implement them (rational
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behavior) because he cannot remember them (limitation).

Both the rationality of the user and the limits on that rationality are
apparent in the model of the user in Figure 8.1. The rationality of the
user is located in the analysis of the task environment that is embedded
in the goals, operators, methods, and selection rules stored in long term
memory. The limits of the user are in the form of processing or size
limits on the parts of the figure. The principal ones may be expressed
in very approximate numbers:

LTM size ‘ ©  chunks!
STM size 7 - chunks?
LTM -> STM transfer rate 0.1  sec/chunk?
STM -> LTM transfer rate 5 sec/chunk*
Proprioceptive servo loop . 0.1 sec/cycle’
Visual servo loop 0.5 sec/cycle®

Perception part 03  sedd

Motor part o 02  sec®

Processing capacity 0.1  sec/bit?

Several of the results for this thesis can be derived directly from this
simple view of the human information processing architecture:

0))

0]

3)

4

The user can do one main (cognitive) thing at a
time—what the working memory -determines at each
instant—although he can overlap very limited amounts of
perceptual and motor processing.

His working memory is limited and overloading the
working memory causes some immediate knowledge to
be lost. Thus the user needs to consult the manuscript
several times in the course of a modification.

His knowledge in long term memory can only be
retrieved if it can be accessed via the knowledge already
in working memory. Thus, complete failures to recall
rclevant knowledge are possible, as are retrievals of
inappropriate knowledge because the retrieval clues were
inadequate.

Adding knowledge to his long term memory takes much
longer than retrieving knowledge. ‘The user is forced to
rely on his limited working memory to cope with rapidly
changing task data.
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(5) The information that the user encounters in the outside
world must be encoded if it is to become usable and this
can ‘be done only in terms of the knowledge already
available in the long term memory. Thus, the user can
only learn new things in terms of knowledge he already
has.

(6) The time/operator for a model at the individual user
movement level (Model M0.5 in Chapter 4) can be
expected to be on the order of 0.5 sec, the shortest time
for a perceptual and motor cycle.

(7) The time to perform a keystroke is just the minimum
time for a motor movement—around 0.2 sec.

(8) The movement times for the pointing devices cannot
exceed about 0.2 sec/keystroke for the key devices or 0.1
sec/bit for the continuous movement devices.

Relation to Problem Solving

That the picture of the human processor is just basically the same
picture that emerges from the study of problem solving can be seen by
comparing Figure 8.1 to the description of a problem solver redrawn
from Figure 4.1 of Newell and Simon (1972) in Figure 8.2. In both the
human processor works by selecting and then applying methods from
long term memory as controlled by the current contents of short term
memory. Since the task in problem solving experiments is typically to
solve a single problem rather than a series of tasks likein skilled
performance, there is no GET in Figure 8.2. Also in Figure 8.1 the
process CHANGE REPRESENTATION would be considered as just
another method. The perceptual and motor control mechanisms are
represented in Figure 8.1 in more detail, reflecting the important role
these play in skilled performance.

The difference between manuscript editing and problem solving is
that in the former there is no problem space, no search. The methods
are almost certain of success. A skilled performance, like manuscript
editing, is thus a special case of problem solving.

Of course, whether a user will exhibit problem solving or skilled
performance depends not only on the task but on the state of the user
as well. A nice example of the transition between one and the other
can be seen in Simon and Reed’s (1976) experiment on the five
missionaries/five cannibals problem. The problem space for this task is
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N—

General Internal Knowledge

LTM

'Internal Representation"

Figure 8.2, Organization of problem solver (redrawn from Figure 4.1 of Newell and
Simon, 1972)
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given in Figure 8.3. The subjects’ searches through the problem space
were characterized by two strategies: a ‘“balance” strategy which
emphasized balancing the number of missionaries and cannibals on each
side of the river and a “means-ends” strategy which emphasized ferrying
the maximum number of persons across the river. Subjects initially
used the (defective) balance strategy and later shifted to the means-ends
strategy. When subjects were retested on this problem after a successful
solution, they shifted earlier to the successful strategy. In other words,
as a result of practice, part of the searching behavior was eliminated and
replaced by the selection of and application of methods more certain of
success. Presumably after a number of tries at the problem, they would
embrace the means-ends strategy from the start and follow the route
marked on the figure. All search would be eliminated. While Simon and
Reed’s subjects exhibited problem solving behavior on their first trial,
by their second attempt at the problem they had already begun to shift
toward skilled performance.

Relation to other skilled behavior

Manuscript editing, as performed by the users studied in this thesis,
is clearly an example of skilled performance, characterized as it is by
“competent, expert, rapid, and accurate performance” (Welford,1968; p.
12). To emphasize the user’s mental engagement in the task, the
unruffled way in which each new problem can be paired with an old
and trusty method, and the close relationship of the manuscript editing
task to many other tasks of this sort in daily life, we shall speak of the
manuscript editing as a routine cognitive skill.

Although it is not possible to state a general theory of routine
cognitive skill at this point, it is possible to note some ways in which
manuscript editing appears to be specialized, and thus to indicate where
the general theory might be significantly different from the one
presented here. Dimensions on which routine cognitive skills can vary
are listed below:

(1) Unit task structure: Manuscript editing is structured into a
sequence of almost totally independent unit tasks, each a few
seconds duration. This provides an extremely short time horizon
for the integration of behavior. There are routine cognitive skill
tasks with even shorter unit tasks, such as making change. More
often, the relevant task duration is much longer, such as
cataloging a book for a library. However, it is most important to
note that many routine cognitive skills such as typing (Shaffer,
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Figure 8.3, Space of legal moves for the 5-Missionaries/S-Cannibals problem (after
Simon and Reed, 1976, Figure 1)
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1976) do not have any unit task structure at all, but are essentially

" continuous activities.

Activity role of the task environment: In manuscript editing, the
task environment is not passive, as in the task of writing a
business letter by hand, but responsive to the user’s actions. Yet
neither does task environment initiate new action. By contrast, in
the task of taking airline travel reservations over the phone, the
task environment is the major agent of initiation.

Payoff’ characteristics: The usual trade-off between speed and
accuracy is reflected in this dimension: ‘consider the difference
between typing a rough draft and typing a final copy. Both speed
and accuracy are important in manuscript editing, with absolute
priority given to accuracy. The emphasis on accuracy plus the
detectability of errors leads to the conversion of errors to time.

Input to LTM: With respect to knowledge in long-term memory,
a distinction may be drawn between memory for the components
of the skill itself, and memory for the objects in the environment
being processed by the skill. It is this latter to which we refer
here. In the game of bridge, the task specific knowledge players
must input into LTM is fairly large, for they must be able to
remember all the cards played. There is little long-term task
specific information to remember in manuscript editing other than
the assimilated knowledge of the skill of the specific editor.

Retrieval from LTM: A security guard must draw on LTM
frequently and rapidly to recognize many faces, whereas the
information needed by an elevator operator is provided by the
task environment. Modest amounts of information need to be

" retrieved from LTM for manuscript editing consisting largely of

information about the editing system and small amounts of
information  about the specifics of the editing task.

Type of cognitive activity: In manuscript editing the primary type
of cognitive activity is interpretation: interpretation of the
instructions of the manuscript as commands and interpretation of
the feedback from the editor in terms of successful performance
of the corrections to be made. There are no forms of routine
reasoning, design, or evaluation activity in manuscript editing. In
contrast, the electrician’s task of installing a new fixture may
require considerable routine inference to discover the connections
for circuits only partially seen. (What differentiates the
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“electrician’s task from problem solving is that the problems are

familiar and the solution schemata previously stored, e.g., in the
National Electrical Code).

Degree of motor involvement: This dimension lies along the major
discrimination of motor skills from cognitive skills.  Motor
involvement in many cases implies the lightening of the cognitive
load, since the motor activity may not demand too much cognitive
involvement. Dictating to a secretary is much more cognitively
intense than composing on. a typewriter, where the cognitive
activity may pause periodically while the motor activity catches
up. In the manuscript editing task, 40% of S13’s time was spent in
motor operations. '

Requirement for inventing plans: The issue here is whether a goal
hierarchy (created from a limited stock of goal types) is sufficient
to control behavior or whether new plans have to be constructed
and then interpreted. Simple manuscript editing, such as we have
been discussing, requires no planning; the goal structures provides
adequate control. But if the editing task were made more
complex—say, by requiring shuffling of manuscript sections—then
planning would be required to decide on a correct and efficient
order in which to make the changes.

Conditionality: Conditionality is the extent to which the operators
recombine in different sequences. At one extreme are the single,
repetitive, assembly-line sequences studied by industrial engineers.
At the other end of the scale is the short-order cook,
simultaneously processing a random mixture of pancakes, eggs,
and home-fries. His behavior is highly conditional, deriving from
the large number of different combinations of orders that can
come even from a small menu. Manuscript editing sits in the
middle, having only a moderate amount of conditionality,
expressed mainly in the selection of methods and in the optional
choices of operators within methods.
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NOTES

1 It is commonly assumed that LTM is very large, large enough so
that it’s physical capacity is not a limitation on performance.

2 Klatzky, 1975.

3 Identified with the time necessary to do the letter name matching in
the Posner letter task (Posner, Boies, Eichelman, and Taylor, 1969).

4 Dansereau, 1968.
5 Welford, 1960.
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