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- 02 . B. Tversky

WHICH BARS TILT 2

[

Fignre 1. Hypothetical graph taken from Schultz, G M. {1961). Beware of
diagonal lings in bar graphs. The Professional Geographer, 13, 28.-29 freprinted
by Kruskal, (1 982)). Reprimted by permission.

Distortions in memory for visual displays

With the best of intentions, scientists, newspaper editors, and textbook
authors select graphic displays to present their ideas more clearly and more
vividly to their readers, Nevertheless, some of the cffects are not only
unintended, but unwanted. For example, in Figure |, presumably the striping
on the bars was sclected to differentiate the bars, not to mstantiate the
herringbone iltusion, where straight lines are perceived as tilted (this example
comes from Schultz, 196] through Kruskal, 1982). In Figure 2, clipped from
the business section of the August 2, 1987 New York Times, the graphic artist
wanted to contrast two related sets of numbers, the deby and the debe service
tatio, year by year. I don't think that the graphic artist intended to create a
figure with such a strong tendency to reverse that it makes it difficult to
focus on any one section of the graph. The next figure, 3, takes us from the
realm of perceptual illusions to experiments in judgment by Cleveland e af.
(1982). These statisticians asked knowledgeable subjects to estimate correla-
tions from scatter plots and found that higher estimates were given when the
point cloud was smaller {or the frame larger). Figure 4, popularized by Tufte
(1983) and reprinted by Wainer (1980), is taken from the Washington Post of
October 25, 1978, Here, the graphic artist probably thought it would be
clever 1o represent the metaphor of the diminishing dollar quite litcrally.
However, anly the length of the dollar represents the dechne of purchasing
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Tha growing third world debt

16.0% 470

208 194 1953 4 25

Dabl service ratio

owed lor
The proportion of tolal axpo] eatrmgs
wierest and irpaymand of foraige dabd

Bore Workd Beok

Figure 2. Graph taken from The New York Times, \:EE.___ m 1987. Copyripht
1987 by the New York Times Company. Reprinted by permission.

. ; L s
1 X 1 i 8 1 1 ! .
no ? 4 L] L] L] ° ' ? 1

. he
Fignre 3. Stimuli used by Cleveland, Diaconis and .e.?Oh: (1982). .L__H:_UM.M”;_.r_,”
Correlations in the two scatterplots are the same, the right-hand one _MV h _M.:_& by
Jrame is judged to be higher. Copyright 1982 by the A.A.AS. Rep

Permission.



pragm 1 o1 sasmpiodAy ) anoqe dunjou mauy oym sadpnl payse uap
ag csadeys aup Fnzoowaur Ljduns woay safgns juaand o pue ‘saandy
a2 paeam 0l apmime uoisudpadwios (einea e dpUT 01 duop sem sy | syderd
10 sdew 21 Jo uMuo S noqe suonsanb payse aom A ‘soum nmo
pue ‘sde o Jo s1aa13 2t 1o syderd ayy Jo saamd 3 YNIYS 01 payse alom
spafgns o “sawmmueg -s12a1qns jo sdnoad uaraip o1 £ 2081y w aso ayy
sydesd 1o sdewr pmuosaad apy -sydesd pue sdew 10y A1otaw ur Anourds
PIEMO] SUOILIQISIP punoj pue o] payool (RG] | pus ouenpg sueic]
'30e) [ewiduo Ay
JO ANAWUIASE S JO DIEME DTLOCIN] IM IR JIE §30T) HUMIWAS PIIINIISUG)
am) o JuaIygip moy Fuaas kg Ajuo st iy cafeun soumw w way Sw
~mpoadal pue “Iudd Myl Ul 23Ty [ENIE Yl Jo saafey ya[ pue 1y sy Turye
AQ paonDsu0d A1am SN ININO OMI DY, AN AWES DU IE UTW AWES Aty
Ajpenaze axe “spdwexs 05 seg d ‘2761 ‘apaaN woy uayer) 9 amSyg ut usw
100 A f, "Yans ST Iyl Jo yun am ydnog ‘omaunuds Apoyysad Apaes are
‘ajdexa 10) ‘s208} UEWINE] PAYOO[IIA0 21E ANIWIMAS WOI) SUONEIAID [[EwWs
'SEIEY [, “ade ADYR UBLE DLIIDUWIHAS dIOUT SE saandy snwods Apreau pataoaad
osie Aay Inq “Answnwds 13ap Ajprdes s1omota op Auo 10N uondaoiad
w serq AnaunwAs v st onyr 1ey) 15338ns (sma1ad) 10y ‘pggl ‘AYSIGAL pue
pAaz] pue ‘gl “Asqry 0as) 3t a1 SIdPo pue ‘swuatiuadxa 3SAY) Qg ‘pared
-1dwon 1aIes sem ey |, SIUO DLEAUILAS SS0f 10] 10U 1nq ‘somdy anow4s
Apiesu 105 pourelqo $139p2 asail ] oo a1 ueys MNAWWAS asowi st
1 uagm ueyy (G 2aandey wose) rmduo ayy veys dwnadunuds sy sea aandy aan
“EUINE I UAYM 21nBY [EXNUIPT A 1335 01 1ISE) d1am s0(qns 2Ty do
242 01 [E2RUIPL SEM ST WOOQ BYI JO YA M 133[35 M1 payse a1am salqus
UM 210U SR CTE[FUIS 210W IY) ST SANRWIANE JuAuus 0w A
asolp shemie Apeau s1afqns ‘auo sey axy samdy ownawwAs Agesu paoagas
8 udym a3y swdwids ssap Apydips ing wuazagp Afenba ux 03 10 angdy
mnawwAs sxow Apydys € o1 reluns srow sem 1 1aIaym apirap uay: pue
‘S undiyg jo dor sy e e axyip saanByy e jooy o siafqns payse (pg61) | pue
pAa1g 13jreuaf “s1o10ey [eradaaiad jo soidwiexs ssnosip [im | asag -aanesado
ale s100g) [enidaouod pue [enadaosad yoq asaym ‘uoneziuedio remadaoiad

“wossstuad Aq pruuday (pgei1) Aysaaa ] puv plarg Aq pasn samdig ‘¢ aundyg

99 Asowa wt suotiorsicy

Jo sisfjeur up W2 10j unosx o1 An jpm uaLE pur “papms aary

M ruswouayd Juap jo saqumn r moqe nok a5y s 30 “Aroyeaoge)
Awr w yoreasas o1 am sfuuq vondaasad pavtortp Jo apdwexa 1xau oy g
HT{IOp samonuasty ap
JO BalE ay jo sauenb v urp ssap S{00 JTjjop 1Dy o rejjop FAMOYUISY
WP JO Jtey ue ssy g v paseyoind feflop ey ap ySnoyqige ‘og "IAII5GO
vewny o Aq dn poyad st TR eI M osEon 104 ‘par oY) 1ou ‘amod

. ‘wotssiaad Aq pariudsyy
150d uonBuigsem g, Ag 9261 mduddary ((oger) datuAg puv (£861) aifin), dq
pariadar) grep o 4qopQ 1soq uoBuysem ar g wodf noyey ydpary . 2ndLg

(iaBay)

POy LNV —

\HHARY AR AINRR AR Wikd

L Y R e DO E Ty et

2EFEINEn

VWAV AO SV WHUINA HINL (

Y N T T Y IETYR

LB EICTOCNT I
P VOBV A0 SHIVES TRL HInL

§-

dysioay ‘g 9




g

£,

Figure 6. Face taken Srom Neville (1 977). The left and right faces were constructed
by taking the left and right halves of the original photograph and reproducing them in
miireor fmage, producing faces that are Symmetric, unlike the original, Reprinted with
permission from The Encyclopedia of Ignorances, Copyright 1977, Pergamon

Press,

IAV IidviN

ROUTE 1
Figure 7. Map curve used by Tversky and Schiano (1987).

the drawn curves and rivers were more or less symimetric than the
ones. The remiembered curves, whether in maps or graphs, were judged
more synimetric than the originals. These errors in the direction of sym-
metry, however, apparently ocecur in perception, not in menory. We asked
aother group of subjects to copy the curves, and the copred curves were also
Judged o be more symmietric than the originals, and to the same degree. The
first cftect to be accounted for, then, is 3 tendency to pereeive nearly sym-
mctric figures as more symmetric than chey actaally are.

For the next two effects, 1 turn o maps, In Figure 8 are two niaps of the
world; which one 1 correct? If you are like the sulye
vou wib prck the hotton one, that 1,

original

cts | have run, most of
the incorrect one. Let me give you
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£

Figure 8. World En.,q stimuli used by Tversky (1981). .w:@.an:. -.:_.c:.n.:_?.uﬁ..w
:_.n. lower map, in which the U.S. and Enurope, and South America and Africa are
wore alipned.

another chance. In Figure 9 are two maps of the Americas; my mvo_.cm_n.m to
Central America, which was excised not because of the political m._:_.a:&._.n
but for visual reasons. Again, which map is the correct one? And um.ﬁzm“ E_.__ .
predict that most of you will prefer the left, 58.:&2. onc. Why \ 0 ﬁzp..
incorrect maps look better? Basically, because H:c‘ incorrect oncs am_p w,““%
aligned. In the incorrect map of the world, the C.v.. and Europe, an | South
>_.=c1nm and Africa arc more aligned than they arc in the true map. An
the incorrect map of the Americas, Zc_i_.u:&. South >_=n:ﬂ._m ﬂn._”_n_ﬂ“w
aligned. | have found memory errors in the .&_,nn:c: of greater a ._wm_._.zu_e:; i
these maps, {or directions between major cities on them, ._»om arti H.CM_ . ps.
and for visual blobs (Tversk y. 1981). Odhers have found similar results (e.g.,
Byrne, 1979). .
x_.“_w mcﬁc:vp_ widespread error T have found in maps | termed rotation. 1
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o B. Tversky

Perceptual Perceptually- Conceptually-
Process Cue induced Error induced Error

Figure scgregation/ symmetry toward symmetry description enhances
identification or reduces effece
Figure location/ other figure toward other figure
orientation
frame of toward frame of graphic medium
reference reference

{¢.g., maps vs. graphs)
deternines frame of
reference (e.g., vertical/
horizontal axes vs. 450
ling)

Tgure 12, Summary of perceptual analysis and resultans errors.

perceptual organization (Figure 12). One of the carliest forms of spatial
organization is distinguishing figures from backgrounds. Because figures are
more likely to have symmetry, closure, and other, similar properties than
backgrounds, these are valuable cues to figurencss {c.g., Hochberg, 1978:
Koffka, 1935; Kohler, 1929, Wertheimer, 1958). mfﬁ:o:? or near-
Symmetry, is rapidly and casily detected (e.g., Barlow and Reeves, 1979
Chipman and Mendelson, 1979; Carmody ¢ al., 1977, Corballis, 1976).
Thus, because of s usefulness in fgure discrimination, Symmecetry scems to
be rapidly detected, and small deviations from symmetry are overlooked so
that necarly symmetric figures are coded and remembered as more symimnctric
than they really are.

Now for anchoring figures in space. In an empty field, figures appear to
float, a phenomenon well-known to star-pazers, called the autokinetic cffect.
In order to perccive and remember the locations of figures, it is useful ro
anchor them to other figures and/or to 2 frame of reference. Iny fact, given
that perceivers and the world are rarely static, this seems to be the only way
to arganize the clements of a scenc, Map badics and graph curves are figures,
on backgrounds: they are ofien nearly symmetrie, they appear sometimes
with other figures, and typically in 2 reference frame. Although valuable in
locating and orienting figures, anchors puyil frigures closer to them n mem-
ory, yiclding systematic crrors. Many aspects of g visual scene nmy serve as
anchors: at the same level of analysis, other objects in the seenc: at 4 higher or
superordinate fevel of analysis, a frame of reference, Thus, the analysis of
distortion in terms of pereeptual organization applics to maps and graphs,
and accounts for the crrors of symnietry, alignment, and rotation,

This, bricAly, is the pereeptual analysis. Now, I'd like to Presemnt two cases
where, we believe, conceptual factors enter nto the pereeptual analysis of
maps and graphs, and yield further distortions. This work was also done
with Diane Schiano ﬁ_.cc_.n__n% and Schiang, 1989, Schiano and ‘w.qnamrw.
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1990). In the first case, we used verbal descriptions to bias the way mﬂ:qn.m are
perceived and encoded. In the second case, we used the graphic medium,
maps vs. graphs, to alter the frame of reference selected. ,:.5 first effect
brings us back to symmetry. The graph curves we asked subjects to mE.&\
were slightly but noticeably less than symmetric. Given that people perccive
such curves as more symmetric than they really are, we wondered _m.sn
could weaken or strengthen that belief or perception rw. an accompanying
description of the curve, and consequently alter un.ov_nm mermory of the
curve. Again, we presented a variety of graphs to subjects to remember, u.:n_
tested memory cither by asking subjects to draw &n. mu.mv_; or to describe
some aspect of the relation depicted by the graph. This time the .m:%_; also
included descriptions of the functions., For .arn :muq:TM.&EEm.n:n curve of
interest, half the subjects reccived a description cmphasizing :..u:mwz::n:w_
that is, “Notice that the curve rises smoothly and fails smoothly. . %_...n 052
subjects reccived a description emphasizing its asymmetry, that is, “Notice
that the curve rises sharply and falls slowly.” The curves drawn ?9.:
memory were given to judges who were unaware of n.rm experimental condi-
tions. The results were just as expected: when attention was directed to En
symmetry of the curves, remembered curves were drawn more symmetric
than when attention was drawn to the asymmetry of the curve. This result is
reminiscent of one of the truly classic cxperiments in psychology, that of
Carmichael ef al. (1932). In their case, however, .mmE.nnnm were told that a
simple picture, such as 0-0, was one of two .cEn.nG. cither eycglasses or
dumb-bells. Subsequent drawings were in the direction of the names. In our
case, the verbal component was suggestive yet intended to bias the way
subjects perceived and encoded the curyes, . )

The second conceptual factor is more subtle, and addresses the issue o
what determines the frame of reference, In the absence of any nc.:an?;m_ or
meaningful factors, there are often perceptual m_n.ﬂca that provide a _muaxm.
of reference. The typically horizontal and vertical lines of the actual frame o
& picture arc one example {c.g., Howard and Templeton, 1971). For “:M
cnvironment, the natural vertical plane, up-down, and the two :ﬁﬂa
plancs, for example, feft-right and front-back, form a reference :;_a._ﬂ when
this is reduced from two to three &En.._mmc:m. the frone-back g_d_n:m_o.z
drops out (c.g.. Clark, 1973), usually leaving the horizontal u.:& <n_.:Mm._u.u§ﬂ
of the picture frame as a reference frame, For maps, zu.nz, is an ad :_o__%
conceptual factor that is typically perfectly corrclated with the vﬂn%mmﬂ Y
salicnt axes, namely the cardinal directions, north-south and cast-west. Thus
far, the cvidence for alignment has come cither from maps and n._.c_ac:ﬂ
ments, where both perceptual and conceptual factors suggest the rozuo_zm_
and vertical as 2 reference frame, or from visual blobs, where perceptua
factors suggest the horizontal and vertical, . ) e

Schiano and | wondered if simple straight-line functions at various angles
in x-y coordinates would be anchored to those coordinates, and thus ‘%W
torted toward them, OFf course, the x—p coordinates form a natural reference
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