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MEMORIAL CONSEQUENCES OF DISPLAY CODING

Introductior

Sttuations trajuently arise where demands are placed upen our » vy for
wnformation praeviously encountered ipn graphic Jdisplays. These displays are
commonly founi Ln textbooxs & technical docun=nts, diral, meters, and cumputear
d;s;lay%. It the retention ©f the information from these sources 15 lnadequate
for the s:ituations processing and performance will guffer. For exawmple, in a
text or technical document, information from a graph seen earlier must be
recalled at A later point and combined with newly acquired i1nformation 1f the
maln boints of an argument are to he understood. It would be exceedingly
difficult {or the reader tc form a coherent nnderstanding of the argument 1f
the relevent ynformation could not be recalled since this would require doing
back and forth between pages. As another example, in process control situa-
tions, an operator may be required to intedrate recently aquired system status
information With current Status information in order to respond decisively,
especrally 1f an off-normal condltion has occured. If this recently acquired
wnformation has not heen stored sufficiently:, the appropriate decision will be
delayad.

Sltuatléns may also occur where the retention of Llnfarmation is undesire-
able. For example, Hopkin (1980) points out that in the air tratfic control
(ATC) envivonment, much of the information: once used, is no Longer needed by
the decision process. This previous iwnformation would then constitute unwanted
nowse if perslstently recalled. In a high #.ress environment such as the ATC,
the presence of noxsé can have deleterious wffects.

Thesa examples point put the need in the display design process to iden-~

trfy User aemnory reguairements wmposed by the task early in the process and to
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t.ake appropriatse skeps to ensure that the regquirements are sastisfr ~d., one

sucn step would b to choose the display format to @i1d or hinder the retention
a

process. Reecent theories of memory (cf. Crark & Jacooy, 1979; Crairk & Tulwving,

1975; Winograd, 1973) have suggested that m¢ vy for stimuli is a funcglon of

the amount wvi perceptual analysis grven the stimulia, the more extensSive the

.<danalysiss the better the nemory. With regard to graphic displays, 3imcox

(1982) has recently shown that the extent of perceptual analysis glven the
display Jepends on how the task relevent information 1s coded, Thus 1t appears
thdF on the surface, a link exists bet;eén d;splay codlnq and memory and the
objective of th=2 investigation is to verd>fy thls link empirically.

The connection between display coding and memary 1s provided by the amount
of cognitive effort required to perform the perceptual analysis of the input.
Cognitive offort 1u the amount of processing rescurces of the lim:ited-capacity
control processor allocated to an inforpation-processing task in order to

satisfy the demands of the task {Kahneman, 1973).

Memory and Cognitive Effort

The concept of cognitive effort was proposed by Tyler, Hertel, McCallom &
Ellis (1979) to account for performance differences 1n a wyord-recall test.
They had subjects perform both & semantic {sentence—compleilon} and nonsemantaic
{anagram) task in an 1ncidental learning paradigm and later tested each subject
1 & free recall task. Within €ach task types subjects were given a low-affort
and high-effort conditian. For example, the wora doctor was transformed into
the anagrams doPtoc 'low-cffort) and croodt (high-é?fort). In the Sentence
completion task, the missing wurd in a Jow-effort sentence was judged to be
almost redundant with other tnformation 1n the sentence while for high-effort

set wences, the word was less Jdetermined by other information. For example,

Jiven rhe wor&ldream, a4 low=effort =sentence would be: The girl was awakened by
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her 1ridhtening + A high-cffort sertence would he the following: The

man was alarned by the frightening » Further, an independent neasure
of the level »f effort required yas provided by reaction time to an audrtory
probs {(cf. Pew, 1979 °  a discussion of secondary task methodology). Tyler
et, al. (1979) fouad that for each task:, recall was reliably better 1n the
hign-arfort condition than the low-e<f{fort condition. Additionally, recall
performance was mirrored by probe react:ion time data.

Cognltive effort can alsoc be used to account for performance differences
in recognition tasks. Por examples Kolers (1375) had subj)ects recognize inver-
ted and normal oriented sentences. Two groups of subjects were used. One
group of subjects were relatively unskilled at reading the inverted typography.
The otner group of subjectz were highly sk:illed in reading the inverted typo-
graphy: s3 nuch so that their reading times were on par with times to read
normal text. Both groups of subjects read decks of norm:il and Lnverted sen-
tences and then were required to recognize these sentences amongst a set of

,

distractors. le found that with respect to the unskilled subjects: sentences
1n iny2rtea typograplly were more correctly recognized then Sentences read Ln
the normal typogjraphy. However: the ocutcome was guite different for the highly
ski1lled subjects. There was no difference in recognition performance hetween
inverted and normal typography. Thus, the extended practice at reading inver-
Led text reduced :its advantage toc memory. Kolers (1975) arygues that extended
practice allowad automatic recognition procedures to develop which are rela-
tively effortless (Sniffria & Schneider., 1977), whereas sucy Procedures ere
not posalole with the unskilled subjects. ''hese subjects instead had to resort
to controlled processing strategy requiring greater process:ing resources which

in tarn tncreased memory performance.




Coqnitive Effor® and the Graphic Coding of Information

In 1+ recent intormation pProcessing account of how the choice of display
formats can aftect the nase or difficulty of processing information in graphs,
s1imecoA (1342) .lescribes the interaction 1n terms of the amount and nature of
coynircive orfort exerted wn extracting the relevent information. When a
jranhic l1splay 1s encountered, 1t twust be perceptually represented by ipts
Drlaary =hwoding features. It 15 assumed that thils representation 1s acfivatoed
by tne display vroperties themselves, The 1dentification of the display will
be accomplished by comparing this perceptual representation to an activated
memory representation or yraph schema set by the contextual situation. 'This
Lieatification then maxes available the relevent information by a simple look
up its value in the corresponding portion of the activated schema.

Suppose the context lnduces an expectancy or schema that ls incongruent
#1th the perceptual representation. The output of the comparison process then
1ndicatas a mismetch, wmplying that the relevent information is not in the
parceptual representation. The schema then directs a reparsind of th.s rep-
resentation i1n gorder to obtaln the aopropriate information. This means that we
must look at the graph differently then We might be accustomed to. The repars-
ing ean take on nany forms for example, such a5 a search of the sensory guffer
tor the relevent i1nformation or a computation of the rclevent information from
the uctivatea representation. But whatever form 1t takes, this reparsing re-
aqulrss qdditional processing regources oL cognitive effort.

tor exampl:, suppose we are given the four basic graphic displays shown 1n
Figure 1, The first display 1s defined by properties of pairs of lines on two
L-shaped frawmewdrks; the second display is defined by properties of palrs of
limes on @ single L-shaped framework; the third and fourth displays are defined
by propertlés of pairs of ancoennacted and connected points respectively on L-

shabend frameworks.  Formally, we can define these properties as the dimensions
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of posrtiun and helght of each point of the pair. However, the heights of both
point 1re nut the only propertieés that can perceptually define the four dis-
plavs. ~For fnstance, as we move from left to right across the displays, from
display 1A o lisplay 10, the defining properties intuitively seem to shift

frow Enese coapenent dimensions to dimensions reflecting relationshins between

the pair <t peints, eulminating in slop= and overall heiqght ot the pair,

Usimg 1 speeded classification task in one experiment, Simcox (1982) had
subjects classify stimuly of the form shown in Figure 1 on the hasis of one or
the other of the conponent dimensions, the individual heiaghts, or one of the
dimensions detined bv the pair of objects at a perceptuar unit, i.e. slope and
overall height. e found that as the degree of incongruency between response
basis f(e..j. slope} and display format {e.g. lines on two fFrameworks) increased,
classification time increased. This increased classification time was taken to
reflect Lncreased resources needed to reparse the data-driven representation in
order to respond appropriately.

In another experiment, scale values were included in the displays of
Figure 1, and subjects were asked conceptual uestions about the information
contiaLlnad y1n these displays. The informaticn referred to either trend, average
level, or component values of & pair of variables. Latency of response was
measured.  The results showed a monotonic¢ increase 1n latencies for a particu-
lar display type as the ineonyruency betwéen response hasis and display format
wncreaaad. Bince all diusplays were equaced £or legibility and type of
responss, the nonotonleity in latencies observed was attributed to the in-
rredsed ertore neaded £o reparse the Perceptuael representation in order to

vrtract the relevent information.




RMmory_ind the Graphic Coding of Information

The studies ot Tylcr.et al (19792) and simcox (1982) suggest that cognitive
effort 1s the medlating varlable between graphic information coding and the
retention of this infornation. However, there has been no systematic resea
to date lunking cthe two through a manipulition of effort. Tnere has been a
small amount of research on the retention of displayed information (Vernon,
1946, 1952; wWashburn, 1927), but these studies contrast graphs with other media
{primarily tables and prose paragraphs), are methodologically flawed, and con-
found the Jifferent coynitive components to such an extent that they are of
little use.

Theretfore, the purpose of this investigation was to test the hypothesis
that an i1ncrease 1n coygnitive effort necessitated by the type of Jisplay coding
nsed #111 lead to better memory performance for the coding dimension of the
display. 3Sets of displays of the types shown in Figure 1 were used. Using an
incidental learming situation, subjects were init:ially asked (uestions about
some conceptual property of the display. This propesrty will be information
concerning the trend, average level and conponent value of a variable Y.
Subjects were then shown graphs of one of the four types from which to extract
the information. Response latencies are measured. If the concegptual questlon
induces an expectancy or representation other than that deflned by the vrimary
ancoding f=aturws (1.e. the defaqlt-vlsual representation), increased latency
to the (quastiun answerlng task can be expected since a reparsing would be
ralled tor. Purther, the more reparsing necessary, the more effért allocated,
the jreatqr the response time, Thus, for the displays shown in Figure 1, a
monotonls ilnerease 1n response latencies would be expected as we move from
lines on LWo frameworks te connected' points when responding in berms of a com-

ponent value question for reazons oatlined earlier. Similarly, the opposite

axpactation results when responding on the basis of eirther trend or average
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bevel,  that 13, 1 nonotonie increase would rasult as we move from connected

BOLNLS to lines ol twe frameworks,

Upon complation of the task, subjects wers yYlven a retention test on the
displays, If latency ts an wndicant of processing “fort and LE increasad
effort resulos 1n o Jfeaber menory advantager then retention performaince should
axhibit the sape nonotonlc relationshlp as the latency data for the Jraph types

and Juestlions.,

HETHCOD

Subjects

Ten C3I/Datacruwn coworkers sarved as subjects in this experiment. HNone

of the ten subjects had performed in the first exparinent.

Stimull

The stimuli were sets of slides of Jdisplays representing each ¢f the graph
types, one .display on each slide. For each of the four graph types (lines on
two Erameworks, lines on one framework: uncannected Points)y and connected
no1nts), sets of nine dittferent displays were chosen. This results i1h a total
of thirty-six difterent displays. Each display communicates two pairs of
values between a dependent variaole Y apd an independent variable X. The vari-
able Y ranged 1n value from 0 to 6, while the variable X took on the values 1
and 2,  wWithin each graph type, twenty-five different displays were generated
from the ortnorgonal combination of the sect {2,3,4,5,6} of ¥ values at cach
value f X 1n the set [1,2}. The tweﬁty-five diflerant combinations of values
Aare shown 1a Table 1,

INSERT TABLE 1 HERE
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Design

dote trom the table that ten displays have an increasing trend, ten Jis-

plays have a Jdecreasing trend, and five displays have an unchanging trend.
Also, considerind:the displays 1n terms of the component properties, five dis-.
plays eacn have a nunaeric  cfue 2 thru 6 at X=1, and five displays each have
values 2 thrua o at ¥{=2. Fwunally, note that with respect to the average value
or Level of tha two component ¥ values, six displays have an average level
equal to or less then 3, which 15 called low and Six have an average level v
greater than or egual to 5, which ls high. The remalning thirteen displays

have an average level petween 3 and 5, which is medium.

Thus, 1t 1s possible to use these twenty-five graphs to convey three dif-

fersnt types of rwnformations trend, absolute value, apnd averayge level. Each of

these types of 1anformation can in turn be described by either three sets ot
lipguistic yalues (anreaSLng; decreasing, unchanging; low, medium, high), or
by six numeric values (2, 3, 4, S, 6}. The nine displays representing each

graph type were then chosen from each of these sets of twenty-five,.

The slides were then projacted on a screen located 250cm from the subject.

At this view.:;j Jistances, the distance hetwen the two points varied between
0.36 and 1.70 deyrees of visual angle for the single framework 9raphs and

between 2,2 and 3.2 degrees of visual angle for the twe framework graphs.

A 4(Crapn Type) X 3(yuestion) within-subjects design was usedr each sub-
ject particlpatinyg unpder all conditions. Additionaly, the order” of the thirty-
S1xX graphs ~as completely randomized for each of the ten subjects.

Three graphs each were assigned to each of the three question types for a
total or nipe graphs. wWithin each draph type, the nine 9raphs were randomly
chosen subject to the following constraints. One ygraph of each trend value

(rneyreasing, Jdecreqasings unchangilng) was asslgned to each Jquestion type. For

iy




trend and lewvel qucstlons, an additional constraint 1s that these trend values
must occur 4ith Jifferent level values (r.e. low, medium, high}. §For examnple,
Wwith respecrt to the trend question, one graph had a nega.ive trend_and a mediam
' sal, another jraph had a positive trend and low lewvel, and the third graph
Ned an anchanding trend and a kigh levsl.  Also within each graph type, the
component vyalues generatind the graphs were unigue. The same was truec with

.

Y
respeCct to question type. For the value question, the only constraint was that

each yraph had ko have a unigue value.
!

Procedure i
Subjects ware seated at the appropriate distance from the screen and
handed a bhooklet contalning thirty-six guestions. They were informed that the

purpose of the experiment was to test thelr perception ot certain display
properties and were told to respond as quickly as possible put without making
errors. The questions were of the form “The trend in Y :s?", "“The average
level of ¥ 18?", and "The value of Y at X=(1;2) 1s8?", Subjects studired each
quas«lon 10 turn and when they felt comfortable wWitih the question and response
cateqgories, they signalled the experimenter. A ygraph of one of the fcur dis-
play t¥pes »as then shown and the subject axecuted the appropriate respodse.

Time froum onset of graph to response was recorded tc the nearest milli-
second Wslng a4 Model 5403% {Lafayette Instrument Co.) clock/counter. A volce
Activated Key 448 used to measure the latency of this response. Itg actlvatloq
stopped the response clock/counter and closed the shutter to terminate the
stimtlus presentation.  The experimenter recorded the latency and noted any

o

errurs.  Subjects were not intormed of any times or errors, but all subjects
seened to Xnow when theY made an error. At the halfway mark of each session a

wriet rest period was allowed. Prior to each session, a practice trial gcom— *

presing 18 questions and graphs was performed.
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Upon conpletion of thlis part of the experiment, subjects were given a test
pooXlet containing thirty-si1x frameworks, nine of whiecn were multiple (1L.e.
tvo) ., Each irameworX contatned the property of the display that was used to
nxtract the answer. The subject was then & 1 to recall the other property.
for exampl:e, a dirsplay representing pairs of lines on a single framework would
pe shown with a4 line of height 6 at X=2 corresponding té the prror question
“Tne.value of Y at %=2?" of which the answer 'was 6. The subject's task was
theq io recall the value at X=1. Simrlarly, a subject could be given the posi-

tive, neqgative, or unchangind slope and asked to recall the level or vice
versa. o corre;t hit was scored for either the trend or level variable 1pf the
correct liaguistic value was grven, regardless of whether or not it was exact,
That 1s, for a particular graph, 1f a high level occured with an increasing
trend, then the recall of any i1ncreasing trend whather ©r not i1t was the actual
trend meen was scored as a hit,

The displays were drawn such that at a readind distanre of about 28 cm,
they subtended the same visual angle as the displays seen opn the slides. This
was to-ensure that all the relevent perceptual cues were opsratlve,

After th2 recall tests, subjecés are handed another bocklet ceontaining
seventy-two graphs and teld that the thirty-six graphs they had just seen were
part of this set, They were instructed to indicate which of the seventy—two
they had seen apd to give a confidence rating defined on a S5-point scale of
thelr answer. The scale was as "fcllows: 1) certains 27 highly conéident; 3)

confident; 4) somewhat confident; 5) not confident at all.! TIh thas task,

hits were scored only for a correct match.

l7,r purposes of further analysls, these ratings were collapseéd on a three
potnt scale wrth a 1, 2, aod 3 rating mapped inte 3, a 4 ratlag mapped into
2, anld the 5 rating mapped into 1.

10




Results and Discusslon

Response Times

The nean raesponse tim averaged over subjects for question type and graph
type are shown Ln Table 2 and can be summarized as follows: a) Level Juestions
resulted 1 longer response times than did Trend or Value questionss and b) The
pattern of results for a specific question seerps Lo depend on the graph types
chosen to represent the information. The first, but not the second stataﬁent
ts supported by an analysis of variance (ANOVA) on the response times (log
transtormed) i which Question Type was a reliable source of variationr F(2,18)
= 46,86, p < .091, but the interaction between Question and Graph was not,

F(6,54) = 1,44, p < .21.°

————— ) L R TS

INSERT TABLE 2 HERE

R B B s B R i i o R R

The finding that level gquestions took longer than erther trend or value
guestions was not surprising since a response to level questions involved a
mental interpolation followed by a mapping to the Y axis and then applying the
decision rule.3 In-all likelihood, the increased time reflects increased

resources necessary to inveke the decision ryle and not increased rescurces

2The absence of a Question X Graph interaction wus not unexpected because of
power considerataons, The primary emphasis was in detecting differences in
retention data, not in the time data. Thus, sample size was chosen on the
basis of critical retention differences., If we want sufficient power to
detect the differences shown in Table 2, sample size would have to be about
twice the size used here.

he decision rule was the following:

Low Y<3 .
] level = Hedaum  3<¥<5
{High Y55

11
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necessiry £o reparse the representation. Thus, we would not expect to see any
overall advantage ot this Juestion type oh memory performance. The advantage
#3111l only be 3esn ~Ltnln a duestion type to the extént that resourses are allo-
cated te reparde ti nerceptual representatlons and that will depend on the
incongruenty betwenn graph and question.

Response times as a function of yraph type, for each of three types of
questions are plotted in Figure 2A. While these are not reliably Jdifferent in
this situatieons their values are indicative of the monotonlcity we would expect
as the degree orf 1nconygruency between questlon and graph increased. The gdashed
lines, drawn by visual inspecticon, emphasize the monotonic relatiLonships sug-
gested by the interaction. Thus: we would expect the retentlon data to follew

these trends,

Recoagnition Response

The prebabilities of correct recognition for the two experimental condi-
tions are shown Ln Table 3 and also piotted 1n Flgure 2B for illustracive
purposes. These results are summarized as follows: al}l It appears that no
particular question type results 1n a éreater memecy advantage: and b) It deoes
appear that recognition advantage is dependent on the specific guestion and
graph type. Agaln, both observations are supported by anaiysis of variance
(ANOVA) on the transtormed (square root arc sine} scores. Main effects of
questleon type were not reliable, F{2,54 = 1.54, p < .24, but a reliable
Lnteraction betwezn questlon and graph type was indicated, F{6,54) = 3.14,

p < 01,

one deviant point in need of explanation is apparent in Toble 3, For the
trend Jquestion, the graph type defined by the connected poLnts shows a proba-
nrlity of rec0qn1£10n ot 0.53, the haghest value within the gquestion type. The'

axpectation was that thls recognition score would be at lea.t [lower than elther

the score for the lines on two frameworks on the score for the lines on a

12
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S le rramesurii. A posslble explanation of this apparent discrepancy 13 arti-

factual.

could pe nereasingr decreasing, or uwiuchanging. One display in this group had
as values for i1t encod? faatures (1.e. sloper overall height) a maximum
level gut an unechanging trend. Thus, when the display was encoded., 1t 15 quite
possible that an 'extremeness' tay w~as also appended to the representation.

such a tag should, theretore, increase the memoriabllity for this specirflc

display.

recogniticn of only 0.27, a £ifty percent change.

Figure 23 19 shown with this confounding removed. HNote from the figure

that recogn:ition probabrlity shows the same monotonic relationship as response

times.

t* relationship. One possible explanation that must be considered is again
artifactual. Inspection of the false alarm probabilities, shown in Tahle 3,
indicate that they are of the same magnitude as the hit probabilrties. Thus,
the curves of Figqure 2B mlght be representative of a guessing strategy.

To test this possibllity, the hit probabilitlies assocrated with the 1, 2,
and 3 ratings were analyzed. It was thought that this subset would provide a
more sensitive measure of recognition performancer since these ratinjs corres=—
ponii to A relatively high contidence in the recognition. Table 4 shows the
probabirlity ot recognition for this category of answers. Similar patterns of
results emerde. That is, recognition advantage for a sbeciflc question type
seems to Jdupend on the graph type chosen to represent the wnformation. This

obaervatiun 15 agaln supported by an analysis of variance on the transformed

The trend lines, drawn by visual inspection, emphasize the direction of

liote that the component heights ranged from 2 to 6 and the slopes

Removing this potential confounding results in a probability of

INSERT TABLE 3 HERE
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3COrs.  An Lateractlon between guestion and graph type was the only reliable

source of varlance, U{6,54) = 2,33, p < .045.

SASERT TABLE 4 HERE

Toe prereraed explanation for thls guestion and Graph Type i1nteructlon LS
that the more congnitive effort directed at the reparsing operation when an
INCCajruency exi-ts provades a more durable trace. This increased durability
rhus leads te a snbsequent recognition advantage. Such an advantage does not

resuit shen the encoding features are congruent with the conceptual message.

Recall Response

Taple 5 shows the recall probabilities for the different graph types and
questions. fnlike recognition performance, recall performance 1is insensitive

ts the amount and nature of the increased resource allocgtion. hn analysis of

variance provides no reliable source of variation for this measure.

3rorade or retrieval. Why are the two measures of memory performance so

different? In a model of the memory performance, Chechile and Meyer (1978)
uses both recall and recognition to distinguish between storage failures and
ratrraval faillures. Briefly, when a stimulus 1s encounted 1t can elther be
stared or not stored. Thus, at the time of test if the stimulus 1s not stored,
then retention will not be evidenced." However, even Lf the stimulus is

statet, reftention may not cccur for Yet another reason. At time of test,

'I have over simplitfizad the model for discussion purposes. It Ls of course

i10551ble that the subject could i1nvoke a guessing strategy and demonstrate
correct rotention. However, the model can account or such 4 strategy by an

astimale of a4 queasing parameter generated from best data and rating Jdata.

14 LU
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A SUore] roepreaentablaon L3 elther retrieved or pot retrieved. If 1t 1s not
retrieved then rotentlon will not be evidenced. 'Thuss we have two Jifferent
provasses that converds on the same resultrs low retention performance. The two
Brocessas are partitionasd through * followving assumpiion: In a recogynltion
Lask, a stoced Stimilus will always be retrieved. Thuss by contrasting recog-
nition and recall data, 1t 13 possible to assess retentron performance az a
consequence of <ither storage or retrieval failures. |

The data 1n thlis experiment indicate that the reparsing operation With its
nereased use of resources increases the advantage of storgng the stinuly, hudt
not retrieviny it. Broadly speaking: recall §iffers rrom recognitiron in that
recall requires a cue or probe to be generated internally in order to activate
the stored representations while 1n recognition the cue is provided by the
stimulus 1tself (Shiffrin, 1970}, Thus, the reparsing operatlon has relatively

little affect on generatinyg the correct 2robe.

GENERAL DIsSCUSSION

The results of tnls experiment support the hypothesis that an Lncongruency
betwsen Lntoramation to be graphically communicated and the graphic representa-
twon of this infurmation leads to a rebparsing of the corresponding perceptual
representation. This reparsing 15 a resourse demanding operation and shows a
nemsry advantage having Lts greatest utility 1n terms of the storage process.
The reparsing necessitated by the incongruency may lead to a more elaborated
trace of the representation (Crark and Tulvings 10975). For exampler when asked
to attend to o componaent value of the graph depicted by the pair of connected
poLnts, there woudd be no parameter in the perceptual representation ot that

d1splay that would allow one value to be processaed (2.q9. looked up) while the'
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ather wilue 15 ettt alone.  Rather the slope and level parameters activated
would Lmplicitly contawrn i1nformation about the component valuesr aad so both
values woulll he processed to arrive at the correct representation. Thus, ela-
porstion ~2ild lewd Lo a repr- 'antatioca of this display that is more ‘distinc-
tive’ or irdsunilar then gchers n memory since more of its attributas are
wpvolved 1n the processing. This distinctiveness would produce and advancade
during racOJgnul tlon.

“m the othur hand, a congruency between encoding features and conceptual
pfornation would pot produce an elaborated representation and so no advantage
in racogrlition would be seen (gsee Winogyrad, 1981 for a similar argument With
respect to memory [or faces). This ls because the correct parameter would be

activated and coull thus be processed whlile the others remained inactive.

Relevance toe Displays

At first glance: the results seem zonterantuitive to what should be the
gurding tenet 1n Jisplay design, that is, design displays such that the least
amount of cognitive effort 1s needed to extract of the relevent 1ﬁformatlon.
The results reported in this experiment Suggest that 1f the retention of infor-
mation 1s critical, then one should violate this tenet., Howewer, before we run
off and beqin designing poor displays te represent our infdrmationr the results
should be taken to mean that 1f retention or processing of other attributes of
a display 13 destiredr then some ‘means of ainducing a more extensave elaboration
13 1n order. This could be nothindg more then an accompanylng cohtext that
Jiracts attention to these other attributes of the display. All that s
nRecessary 13 Lo have observers invoke a reparsing of the display. As stated,

this can be done In a controlled manner.

.
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TABLE 1

Orthoqonal Cowmbinations of Defining

Value of Right

3 4 5 6

Values

2
2 2,2
3 3,2
4 4,2
5 3,2
6 [ 6,3

2,3 2,4 2,5 2,6
3,3 3,4 3,5 3,6
4,3 4,4 4,5 4,6
5,3 5.4 5,5 5,6

6,3 6,4 6,5 6,6
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LABLE 2

Mean lesponse Tme as a Funceion of Graph and Question Type

MERH RESPONSE TIME (secg)

Graph Types

Lines on Lines on Unconnected Connected
Lo Lrameworks one . framework points polnks
Juescion
Trend 1.085 1.1 1.039 0.914
Level 2.565 ‘ 2.415 2.360 2.398
Value 1.481 1.322 1.524 - 1.571

e ——
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TABLE 3

Probabriity of Recognitlon as a Punction of Graph and Question Type

uestion

Trend

Level

Value

False Alarms

PROPORTION RECOGNLIZED

Graph Types

Lines on Lines on Unconnected
two frameworks one framework polnts
0.47 0.33 0.20
0.50 0.60 0.50
0.30 0.40 0.33
0.40 0,29 0.33

Connacted
points

0.53
(v.27)*

0.37

0.63

0.38




- TABLE 4

Prababrltey of Recognition as a Function of QuesStion and Graph
Type for Yes (3} Responses

Graph Types

Lines on Lines on Unconneg ted Connected
two frameworks one framework points points
ouestion
Trend 0.14 0.25 0.11 0.19
Lavel 0.28 0.22 VIS 0.17
lellf.‘ 0.]1 00]4 0.11 0031

P

N
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TABLE 5

Probabirlity of Recall as a Function of Graph and Question Type

PROPORTION RECALLED

Graph Types

Lines on Lines on Unconnected Connected
LWO fYAameworks one framework points polnts
Cuestion '
Trend 0,10 0.13 .10 0.03
Level 0.13 0.13 0.07 0.17
Value 0.00 0.07 0.07 0.03
Q. Ju
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