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ABSTRACT

This experiment was conducted to generate menus for a command
language pased on the cognitive structures of expert and naive

users. Expert and novice menus werae gen
derived by applying & network analysis a
simitarity ratings of command fuhctions.

erated from networks
lgorithm (Pathfinder) to

The results of a second

experiment to test the efftectiveness of the menus as training
(transition) devices for using the functions in a command-driven

style will be reparted.

INTRODUCTION

Research in cognitive psychology
has shown ithat individuals differ in
their ability to process information
depending aon their expertise. Studies
have demonstrated diffarences in
cognitive structure in domains such as
chess, music, physics and caomputer
programming (Chase & Simon, 19733
Sjoboda, 19876: Chi., Feltovich &
Glaser, 1981; Adelson, 1981
McKeithen, Reitman, Rueter & Hirtle.
1981). One explanation for these
differences is that experts are more
efficient at chunking meaningful
information into memory. Instead of
attending to individual pieces of
information, the expert processes
groups of intormation which results in
more efficient memory encoding and
recall performance. These findings
have implications for ihe design of
software. They suggest that sof tware
shouid be based on the cognitive
structures of experts aince these
provide the mosat efficient means of
organizing material. However, this
inference is valid only to the extent
ithat the structures of the experft are
accessible to ilhe povice.

Novice useTs are at a particular
disadvantage when learning a system
since they are unfamiliar with both
the tasks thal can be accomplished and
lhe command namegs for invoking the
tasks. Menu driven interfaces are one
way of reducing memory demands because
they only fequire the user to recog-
nize rather ihan recall the correct
gpiion. A commoch observation is that
novices prefer A menu interface to a
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command struclure as their introduc-
tion to a new sysftem. These prefer—
ences change, however. A5 ithe novice
user gradually makes the transition
to an expert (Gitfoil, 1982).
Command interfaces are preferred by
experts since functions are more
readily accessible. These findings
can be be viewed as supporting the
idea that @ menu is useful as long
as it aids in the development of an
appropriate model of the system by
the user. Since the user witl shift
to a more efficient dialogue.style
when the menu structure i3 no longer
needed, one goal of a menu interface
should be to facililate the transi—
tion from noavice to expert.

The mos{ commonly used method
for designing menus has been to
construct them based on the recom-
mendations of an expert design team.
The rationale for having these
experts design the menus is that
they are the most efficient users
and should provide the best organ-
izational scheme tor teaching naive
users. A recent study, however, has
shown thalt the design of software
shouid be validated by @ population
of end users, who are not necessari-
ly experts. Lee, Whalen, McEwen, [:4
Latremouille (19843 had experts
design & 1op index page for an
electronic shopping and information
relrieval system. A second group of
experts ranked the manus for ease of
use. virtuaily no correlation (F =
_08) was found between the expert
ranks - When the menus were ranked
by a group of representative users.
however, ihere was high agreemenl as
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te which menus would be easier to use

(p = .49). Performance Measuies were
alsc hignly correlated with the end
users' prediclions tr = .72).

Another metihod for designing
menus based an the cognit bive slruc-
tures of users has emp loyed techniques
usea I1n cogniiive psychology which tap
'nio the organizalion ot snformabion
1R Mmeinory. hesearchers employing ihis
method have used the concept of seman-
iic distance to determine the proeximi-
iy (or assvcrative atrenglh) of spe-
cific concepis 1n memivy. Mozt of
ihese siuwdies have uaed similarity
raiings or a sgriing task (o generate
semantic distance matrices, The data
are ihen subjecied to aigorithms which
gyenerale muitidimensional spatial
represgntations i the distance be-
tween concepls. mMcDonald, Slone,
Liebelt & Karai (1882) used this
me lhod to design menpus lor a text
editor based on the cogniiive slruc—
ture ol individuals experienced witlh
text editing. Atlthough novices made
fewer errors on this menu than a
randomly organized one, the etfect was
weak. A possibile explanation for this
finding may be that ihe model of Llhe
experienced uscr was not direclly
usable by the novice. Litlle research
has focused on the uvse of differing
cognitive models to construct menu
structures which provide ilhe smoothesl
lransition from a novice to an experi-
enced level. A model facililating
this transition shouid resuilt in
shorter time lo access tunctions in a
wenu dialogue and quicker recall of
commands in a command dialogue.

Une way of desigring meitus ta
reduce access time would be lo in-
crease the probability that the user
will find the desired eption.
Roske-Hofstrand and Paap {1885) demon-
strated this principie by designing &
nelwork of information screens for a
Jarge control-display pnit for air-
craft pilota. The Pathiinder algo-
fithm (Schvaneveldi, DOurso & Dearholt,
16B5) was used to empiricalily derive
the cognitive networks of pilots for
this compiex control-display unit.

The Paihfinder aigeriihm generated a
network of weighled links 1hat con-
necied pairs of highly relaled con~
cepts., As a validation teat, three
menu structures were generated from
lhe network and compared fo each oiher
and a lourth menu constructed by a

design team. The three network-based
menus differed in Lheir amount of
redundancy. Redundancy refers to the

number of times a concepl appeared
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gnder more than one major heading.
The design Leam's Menpu was a slrict
hiecrarchical menu siructure. wWhen
access limes were compared, pilols
in the highly—i1edundant condilion
outperformed-the olher candi Lions,
inese sesulis suggesti thal a menu
s1fuclure which provides many mean-
ingful Links belween concepls should
be easte) to learn ithan a menu
providing lewes links or no redun—
dancy.

The goal of the present study
was Lo generate menus for a computer
operaling system pased on the cogni-
tive structures of expert and naive
users. Expersri and novice menus were
geneiated from nelworks derived by
applying the Pathfinder algorilhm
(Schvaneveldt et. al., 19858) to
similarily ratings of operating
system commands. A second experi-
ment will be conducted to test the
effectiveness of the menus as train-
ing ¢(transition) devices for using
the operating system in a command-
driven style.

ME THOD
Bubjects

Nineteen subjects were vecruil-
ed from within IBM and through a
jocal emplioymenl agency. Nine
subjects were unfamiiiar wilh com-
puter operating systems and formed
our Naive group. Ten subjecis were
highly experienced with Fhe operat-
ing system and formed our Expert
group.

Maier)als

~The stimulus sel for the sort-
ing phase compr ised forty-three
4 X 6 cards. Each card consisted of
a command name, a brief definition
of the ¢ommand, &nd an exampie of
how to use the command. Similarity
data were collected on 1BM XT and AT
personal computers.

Procedyre

Before beginning the sorting
task, subjecis read a brief intro-
duction to piovide background infor-
mation on the operating system.
Subjecis were then instructed fo
read each of the cards, spread them
out on Lhe table, and Hgpri them
into piles of related commands".
Subjects were free to sort using &nhy
size or number of piles. Alter
finishing the sort, aubjecls
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Jupul led Lhe pilos. 1f a subjocl was
unable 10 nHame a pite, Lhat prie was
jabel led with a felter. Subjects were
then asked if they wished to break Lhe
piles into amaller piles. Subjects
who chose to change their piles, were
asked to label the new piles.

Upon finishing the sorling phase.
sach subject’s groupings were entered
into the computer. A grouping con-
sisted of Lhe jabel of a pile and the
commands which were placed in ihai

piLie. The similarily ratings weie
then collected using the computer lo
present sLimuli . A pairvr of group

labels appeared on fhe GRT Bcreen.
Subjecis rated the similarily of ithe
fwo groups onh @ nine point scaley 1
being very similar, 9 very dissimelar
The cards remalned in VIEW and the
subject could refer to them whilte
performing the raling task. Except
for comparing & Qroup to ilself, all
possible comparisons were performed_
Thus. subjects provided two ratings
tor each pair of groups (Group A to
Group B and Group B to Group Ad.

A distance matrix was constructed
from each subjecl’'s simitarity ratings

for the commands. The subjects’
ratings were transformed to an 11
point scale (0 - 10) in order to

include values for the similarity of a
command to itself and the commands
within a pile to each other. The
similarity of a command lo itself was
ascigned a value of zero. All com—
mands placed in the same group were
given a rating of one. [Vhe remaining
pairs of commands received the trans—
form of the vajue the subject had
provided when comparing the two groups
to which each palr of commands had
been assigned. The lransformation was
accomplished by adding 1 to each of
the group comparisons. The Llwo rat-
ings for each pair of commands were
Lhen averaged to give lbe values used
in the network analysis.

HESULTS AND DISCUSEION

The Palhtinder atgoriihm
(Schvaneveldl el al., 1985) was used
to generale networks veflecting the
cognilive structures of novice and
expert operating system users. A
nelwork consists of a set of nodes
connecied by weighled links [repre-
senting the strength of the agsocha-
tion belween pails af nodes). Next,
the sel of dominating nodes was deter-
mined. This is the smallest set of

wodes through which ail nodes in ihe
network can be direcily 1eached

Ay node 1n Ihe Heilwoih can bve
accessed by traversing one link
beginning with @ dominating node.
in other words, if 1lhe gominating
nodes weire placed at the top of a
two level menu the remaining items
in the command set would be found
nested under and jinked directly to
ithose dominating nodes.

The novice natwork contained 71
links and 11 dominating nodes. The
expert{ network coniained 75 links
and 10 dominating modes. Onily 28

“links and 1 dominatling node were

common to the two networks. These
findings sugges! the possibility
that in making the transition from
novice to experts a core of 28 1inks
is maintained while 43 are broken
and repiaced by 47 new ones. Howev—
er, additional data from user groups
intermediate between the extremes of
novice and expert are required to
trace this development of the expert
cognitive siructuve from the novice.

Using the procedures developed by
Roske—Hofstrand and Paap (19851, the
networks together with the set of
most dominating nodes were used to
design Lhe organization of two
distinctly different menu struc-
tures. These menus will be compared
to each other and to & command
interface in another experiment, the
resullis of which will be discussed
at the conference presenlation.
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