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Visual analysis is one of the oldest forms of data analysis. It is, in essence,

simply the array of one set of information
information, so that a viewer can draw
reasonable hypothesis about any relationship
Very often, the array takes ine form f‘axiec.
f the information is quantitative; in
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to
e qualitative, it takes the form of &

relative {0 one or more other sets of
a sonaoie conch_sw or make a
ps or lack of them among these sets.
a graph, especially when at least one
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maximizing dramatically the efficiency of consiructing and disseminating visual
analyses; these are the modern computer graphics programs. Yet in behavioral
research, which is the context for this beok (and this chapter), by far the prevail-
ing mode of analysis is mausncn] not visual. The multivariate analysis of vari-
ance, culminating in a table not of data numbers but of numbers testifying

primarily to the probability that ibe data patterns could have arisen by chance, is
fa, more frequent than a picture of the underlying data numbers themselves. Yet
we can have such a picture, often by the construction of lines or other geo-
meirical forms to show the rel aumsb..g of some behaviors o the variables that
maj control or ctherwise relate to them.

Thus, the purpose of this chapler is to staie again the case for the visual
analysis of behavioral relationships through graphs, and most especially for the
utcome of experiments in which an ongoing, repemwe behavior is altered in iis
time course by the Ce..beaafe. repetitive alteration of one or more of its environ-

nditions. In that coniext, there are at least six advantages to be gained
aphzc analysis:

O

2.

3 Craphi tkably wide ranee of format en outside of

3. Graphing comprises a remarkably wide range of formats, even outside of
the latest computer Dsap’ ics technolo y

4. Graphed messages are immediately and enduringly accessible to students

at unusually diverse levels of trai ng.
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with them are in fact not functional for them. Instead, gr p s inviie us (o
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TABLE 2.1
Hypothetical Data Gathered Under Two Conditions

Condition Condition Condiijon Condition
1 2 7 2
1 5 4 i1
1 3 2 10
2 5 0 11
0 8 2 9
i 7 1 3
2 9 i 8
1 8 2 7
0 11 0 7
i 10 0 9
i 10 1 8
i1 2 7
9 1 6
8 7
8 5
93 59
84
10
glance how much more of the behavior is Dfoa iced by
tion 1. It also suggests that the ability of Con
behavior is perhaps dec creasing by the end of its s
sibility, too

is perhaps not clear enough to be 2

)
it, 100, its clear enough o investigate furtl

CONDITION COMDITION  COVMITIOA gy e s
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Of course, all of those conclusions and hypotheses can be extracted from the
preceding table as well—the data are identical. The reader should ask how
quickly and how fully both the clear and DOSbel(, relationships of B to Conditions
| and 2 were exiracted from the table, relative to how quickly and how fully they
were extracted from the graph. Each method of presentation offers us all the
information that we collecied; the table offers it to us as an array of num’oe;@
relative to their controlling variable, and the graph oifers it to us as a picture
those numbers in that same array. The picture is a transformation of the uuﬁlb@lS,
certainly, but it is a remarkably minimal transformation of them. It siill leaves the
judgment of whether this behavior does indeed relate differentially to Conditions
I and 2, and if so, exactly how, entirely up to us, the viewing researchers—ih
people who want those answers, and have been trained as best we know how
find them out.

[¢]

j&)

Another interesting question is whether the viewer can decide whether the
Condition 1 distributions of B are no more different from the Condition 2 dis
tributions of B than could reasonably have arisen by chance if Conditions { and 2

are not functional for B. A fair variety of statistical analyses would assure t’{}ese
viewers that the differences in these two distributions could hardly have arisen by
chance; a few other statistical methods wou‘xd x‘uwesi to them ihai zhev could

these differences are certainly not chance dinezemex and inex pemencea vzsual
analysts will come to the same conclusion even more quickly. interestingly
enough. In our experience, they tend to respond to the entire picture as a clang!
phenomenon. and not go on {0 examin the time course of each data Dai”, pomi
bv pomx and ¢ i

pmd on 1), and «
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read graphs, but behave in a variety of other ways that confirm their premise. Yet
most of us can see effortlessly when the lines of a graph, Gesp te their local
irregularities, as a whole are at different levels, and slant upward or downward or
are horizontal. or change systematically from one of those states 1o another.
Where did we learn that? One would think that these are aasy generalizations
from the facts that sighted peoph have already learned tc appreciate-at 2
glance!—in the rest of their world. After all, their histories with lines
more extensive than their histories witl is:
within which they move for the héthi )
which they must stand, sit. walk. ride, 1.1”8@ pull, drive, and place or retrieve
bomeﬁmg, and over which thﬂ\/ will climb or jump. The “horizon” of ©
tal” is a key part of their eternal stimulus controls for where they are, where they
are going, and for their balance. By contrast. their behavior with numerals is a
mere occasional hobby.

On the other hand, sighted people read graph
e%tent rhat they generalize trom their extensive

I

u‘ad behavzor;six have learned that fai?ures of
Of course there will be people who do not i
everything that the graphs offer. By contrast,
in the same domains in which they are used o xeplesev data md their sta
analyses—on pages. chalkboards. and monitor screens. MNumerals present no
problem in setting geweralizazion
Thus. it is clear that despite the advantages
open, and widely accessible process, it is
and graph reading are skills (0 be acquired

1

o

1 past years M;le ketc
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mm:,d at uncovering the stimuli that currently control visual an alysts” judgments

f what the data show, even if not i Hu:nmd{mg the source or the modifiability of
those judgments.

Thus, research to date has f focused on the extent to which visual analysts can
see the major kinds of effects that can be ex pected from experimental interven-
tions into an ongoing baseline of behavior that can be ¢ graphed as a time course:
simple changes from baseline in the mean level of the behavior under study,
usually referred to as mean shift; changes in which e each successive data point is
an interactive function of the ; intervention and the level of the immediately prior
data point(s), yielding at least changes in trend and sometimes simultaneous
changes in both level and trend, and often referred 1o as serial dependency;
degrees of such changes, simple or interactive, relative (0 both baseline ‘md
intervention vqrmbilzty, thereby affecting the deczee t0 which the ranges of ¢
baseline and intervention data points ov erlap; and changes only in degree oz'
variability. Research has also considered a few factors orthogonal (o the behavior
change accomplished d by the intervention, such as different graphing techniques:
Qore ample, addin ng tread lines (calculable of course in a variety of ways) to the

ata path(s), or choosing logarithmic rather than arithmetic scales for the ordi-
nate. Most of these topics will be discussed.

Serial Depe‘.dcmy

A ploneering study oy Jo and Vaught (1978) found that mean
agreement between visual and time-series 2 nalyses was both low (60%) and.
what litile there was of ; i, iny 6?561}/’ related to the e degree of serial depende ency in
the data—that serial de endenc greement betwesn the two meihods
of analysis. This stud aiso pioneersd in fw freque ntly unexamined, sometimes
mphc“ assumptions: (é) {nat it is reley 1 T~ -
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ment aboul whether the current experimental intervention has had an effect on the
behavior under study. Perhaps that is done in honor of the frequency w th which
science has been advanced by the disagreements of a few data aﬂaiy sts with the
prevailing conventional wisdom about what the curreni data mean. One or both
of these typically unexamined assumptions operaies in virtually every study that
will be reviewed here.

For example, to evaluate different types of serial depe nd ncy, Rojahn and
Schulze (1985) used comp\.tyr-oenegated AR-design graphs s , weak,
or strong serial dependencies. some of the moving-average type aﬂd some of the
autoregressive type: in addition. the urap"ls were copstrumed {o re pxesem five
(p = .50, .10, .05, .01, .001).

different significance levels of treatment effect
These researchers then asked judges o rat 70 such gmahs on a 5-point scale
made up of just those probability values. The re sults did not support those of
jomes et al. (1978), in that serial dependency did not much affect agreemeni
between visual and statistical analyses. Rather, it was found that the more pro-
nounced the moving-average and autoregressive efiects, the greater the agree-
ment between the two modes of analysis. The moving-average and auto-
regressive processes affected this agreement somewhat di%‘fereni‘gy‘ strong
autoregressive processes in particular led judges to overestimate treatment effects
relative to statistical analysis.

Studies by Otienbacher (1986) and Gibson and Ottenbacher (1988) investi-
ding serial dependency. on

€
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H

gated the effects of six graphical characteristics, includ
interjudge agreement. Otienbacher (1986) asked 46 occupational hexausis 1o

indicate if change had occurred between phases on five speci

1 ~

Y Purenbarher (1022 abiained raiines (0-5) of s
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submitted for judgment tO 108 CdlLOHd | board members and guest reviewers of
two mhawor-anal/m journals. Their gra aphs represenied three patierns ol mean
shift: “ideal.” in which the §has<, means changed as “expected ™ with “experi-

mental conditions: “inconsistent.” iy which the mwn shifted only in the {inal B
phase; and * srrcvcmblc.” in which the mcan shifted only in the first B phase and

ed
n. three degrees of mean shift were dis-

remained stable thereafter. in ad
played, and while this wmed from graph 10 gra ph, 1t was held constant + ithin
¢ pro ved to be critical. on the

onirol” were high only for at

graphs. In this study, the patlert of mean shift p
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average, in that mean ratings of experimenial co
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least some of the “ideal” graphs showin eg recs of mean shift. A statis-

tical analysis revealed that paxtem and degree of mean shift were highly signifi-
cant main effects, yet together acc unted for only a smal proportion of the total
variapce. (1t might be interesting, and certainly would be democratic. if similar
analytic effort were m\/cmed o determine the exteat 10 Wi tich highly significantp
levels and proportion of variance a sccounted for are controlling variables 0 the
conclus 10535 of Given pcmiation; of statistical-anal ysxs CONSUMETrS, ewccmllx n

es the former over the latter.

! value of 5 in baseline and ar
in the B phase, to see how that would
sups: that m uch-studied subpopula ation. [m

{fmpp {358
cf nine mean v;alwex betwe

Ld%t(}fl&l*DOwG ”nernbers of two behavior-analytic journals. as well as graduate
behavior-analysis students aﬁd und g aduate psychology majors. A statistical

analysis revealed %igmhca‘\t main effects for mean shift, graph type. and their
0-8 and -J-LO-/) or zero {5-10-5) mean shifty were

interaction. Extreme (&.&..
g hing technigue. At more moderate levels of
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- :->

judged simila
mean shift (.

), graphing technique became critical. Judg-
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Ottenbacher, 1988; Ottenbacher, 1986). Mean oh ft will be present when there is
no change in level or trend and no intervention effect between phases in the case
of an upward/downward baseline trend coniir "-wag into an intervention attempt.

his case, a visual analysi relying only on mean shift as an indicator of an
intervention effect will report change quite fﬁ“doaous*y “’xpeﬁerce suggests that

1
this misjudgment is more likels made if vamaomy in the data paths masks

0o
e
Q
o
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nd,
the shift, have been ad&‘ad o the gra@h‘ Cne way o
i n

lines, emphasizing L minimiz-
ing such errors of judgment is to use trend lines (Baer & Parsonson, 1981)

the graphs generated by DeProspero and Cohen (1979) had a 30° upward
irend, the remainder had zero slope. Their statistical analysis di
slope as a significant variable, although the data in their Table 1 reveal that
judges’ ratings almost always indicated less “experime:
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with that slope than in equivalent graphs without it. T to some visual
analysts responding to absence of trend as indicative of conirol. Indeed, it was

the criterion most frequemiy mentioned by the judges.

In a study of teachers’ abilities to discern trends, Munger, Snell, and Loyd
(1989) investigated the effects of ascending, descending, flai, and flat but vari-
able data paths, and four different weekly frequencies of probe-data collection

1,2, 3, o0r5days per week). The teacl rate d the degree of student prog in

€s3
nd also made mock dPC?S ons
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changes in level. trend, and both level 2 and trend. They transformed these graphs
ferred to as standard, scaling, an nd auamﬂ transformations) 10
ce of these data paths. The judges were a group of

ot research methodology, a groub of stu-

in thee w@vs {r
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Wampold & Furlong, 1981), and the inev-
fa Hehavior-analytic jo&m 1 JABA)
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demmr she common featur (s)
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nges in level, trend, and level plu
ize of efzecz. The researchers

e st
L B A reviewers wWeit 5O sirongly

re subtle aeianve variations in the
nges has been emphasized as crucial
o the char acmr 1ed behavior analysi .g., by Baer, 1977). (However,

idem their judges | ad ever even read
Ottenbacher (1986) also found that
rade moderately aaﬁcult by the

data, gecms;

the
ju . the relevant correlation was
G. O*teﬂaacnex (15988), who o~

u@nd raters’ confidenc in their

e arenes Dhases: they con-
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by the work of Cleveland and his colleagues (Cleveland, 1985; Cleveland &
McGill, 1987a; Cleveland, McGill, & McGill, 1988). In ‘f%a“i mﬂy be a re-
capitulation of the Weber—Fechner Law, their subjects’ judgme of slope de-
sended heavily on the magnitude of the relative angle that the da@ paths create
and that how Si@@p an an g e differential is needed to be seen as
cross judges. “ nus, research inic wa /s to increase accuraie
ative angle diff independent of their absolute magni-
hg use of trend 1% r that purpose is reported later.
So far, the investigation of change detection skills has focused on
i ses. The detection of delayed or t2mpo-
naﬁges, which also are relevant {0 visual

|w~] w-. ;\)

malyszs of ’aehavéorai data (Parsonson & Baer, 1978, 1986), remains un-
analyzed. Similarly, the study of level-change detection has investigated either

change in overall phase level (Furlong & Wampold, 3982; #ampold & Furlong,
yor a"amp{ change between the last data point in one phase and Lbe first data
ucceeding phase (Gibson & Ottenbacher, 39%8). Delayed and tem-
shase level changes (Parsonson & BRaer, 1978) are also mocztan
ocesses, but would not be caught {even if present) by the change-of-
ments required in the s‘mdées reviewed so far. This is of course not a
those studies, only 2 remi that 1 rch examining judgments of

hase change
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uent study. DeProspero and
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