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, Abstract -
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" The relaﬁionShip be tween sdfevision program variables and children's

. .

attention was examined usung sample shows from two natxonally dnstr;buted

Shows were coded at 30 second antervals on four

educational programs.

L

e measures of program complexity, and two' measures of the re)ationship between

verbal and visual content. Children's visual attention levels were measured

-

Individually and averaged over the sampleg

Single time series analybis indicated the predictability of childsen's

'Younger children's attention

attention levels to be no more than 30 seconds.

In adjacent ‘program segments was found to b

was older children's attention.

.

more highly interdependent than

r

. Multible time, series analysis indjcajed’the attention of older children

2 could be explained:very-well based on the program variables measured. Older

‘children also appeared to, be affecteg more by varfations #n pr
. \

i

I

apd, in aﬁrticu]ar, by visual comple;}tyﬂ Younger children were

-

it

by verbal variables, and attention fevéls were found to be mo7é

t7?am comple§ity

]
more affected

due tS children's

/

" thé variance in attention was explained by these models. !

consistently attending than to program variables.

. -

Fortz-fouq/}o 58 percent of

;e

.
) ~ '

]
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7

S




s

CHILOREN'S ATTENTION TO THE TELEVISION SCREEN:
" A TIME SERIES ANALYSTS

- Introduction

3

Bt ) ’
\ E
\

The bulk of television effects research has .been based 6n survey de-

'signs in which viewers aré assumed to watch programs the same way with,tﬁe
. . . HEA

exceptioﬁ of ‘the frequency'of tuning in. The ease of data Follectfon his.

M [N

assumption allows probably has contributed to inforpation gained fQomﬁ
. \ f

surveys, but it is possible that some contradictory findings about tjlé~'

vision's effects may be due to variability in the behavior of viewers in

front of the set. ,

Experimental studies of television viewership, including those'of

+«filmed violence, have generally concentrated on the behavior of\viewers
*after programs are over. Less Information about behavior during programs

has been gathered. However, a grownng body of research has shown consider~
N
able variability among viewers here. For example, it has been found'that

[

viewers engage in several activities while viewing and "that d:fferent types

P

of programs are watched with dlfferent degrees of attentnveness {Robinson,
) 1969; Bechtel, Aqﬁelbohl{ and Akers, 1972; LoSciuto, 1972; Murray, 1972).
Few studies have closely examined which aspects of programs stimulate viewer

]
. . { .
- interest. . ° . .

“

In this paper we have examined the effecf of § smalli ﬁumbér‘of’;elevirl

slon program variables on the visual attentiod of children watching two

s ~

educational series. The program variables used include four measures qﬂ

. ’ ’ ‘e
form complexity and two measures of the interaction:between yisual and
. ° . ‘- “ -~ -
verbal content. The objeTtive was to determine -how long .children take to

\,

2,
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_react to these variables, how large the effects on attention are at their ~

”\chessitated our ‘using a technique called time series analysis.
A ;

\ .
In the'following sections we shall review research on viewer attention,

on program complex:ty and on_cognitive deve]opment as it relates to tele-
< . .

LAY
. -

vision viewing. A short section on the unusual aspects of the research
- — a

’

method is also included. A longer description is given inAppendix B.

» 4 [

Research, on Attention to the Television Set

Av]

N .
Most of the research on viewer attention has d%ﬁt with what viewers

do rather than on the relationship of that behavior to progra -attributes.

+ 0Of two bodies of research concentrating more on programs, one deals with

P e

advertising and the other with Children!s Television Workshop programs. .
In one study of television commercials Ward, Levinson and Wackman -
“(1971) found that youriger children (ages 5-10) paid s]igntly highér atten~ °

tion to the screen during both programs and commercials than did older

2

children (ages - 12) In a subsequent study (Ward and Vackman, 1973),

. they found that h:gher cognitive level ch|ldren who also tended to be é\der.

.

were more discriminating in. the attention they patd to different kinds of

content. In another related study, Wartella and Ettema (1974) found that

[

second graders ahd kcndergarteners paid htgher Jevels of attention to pro-

grams than did nursery school children, that older children paid higher”

attentlon to re)evant commercials,and that there was ‘a sllght tendency for ¥

*

commercials of high auditory compleXIty to elicit higher levels of -attention,

The most elaborate set of program variables which has been related to
] ’ P

attent:on is that used by the Children's Television WOrkshop (CTN) in

surveylng formdtaVe research on Sesame Street Reeves (1970). reported

! . ’ .
_ chi!dren S attention to be very Fluid,- and to be higher fot segments con- -

Cl

‘

.

strongest point, and how long the effects endure. MakZpg these assessments ’ .



taining animation,'chi]dren, animals, and_ rapidly.paced action. Anderson
and Levin (Anderson and Levin, 19769 X, Levin and Anderson, 1976) foond.

the number 4nd duratuon of vcsuaﬂ fIVatIOHS of children.on the TV screen

~
. 4

to increase between the ages of one and foul years. They aiso found that-

- -,

attentjon oorre}atedgnegatively w the IEngth of program coftent seg-
_ ments (bitesxand positively with;the appearance on the screen of adult
fena]e53 children, non-human ch%racters, physical actiiity,'li&ely'musie
and';pecial effects. They also{noted that one dimension underlying many

Y

_ of their 'variables i5 the amouni of action present. "

. . ;
Taken together these two sets of studtes indicate that children are

o,..'

»flexible” |h atterftion and that they become more se!eptlve as they get older.

. ¥

~ o, ¢

Research on Prggram Comgjexrtx, - - :

L]

The measures of program form.comphlexity wé' used'are a subset.of a o
“ -

I3

larger group based.qn the information Theory conoept of entropy. .Ihg:fOUr

7 . . A7
measures. used are Set Time El’ropy, Verbal Tirﬁe Entropy, Shot/p(thpy and =

¢ ot - - /
Nonuerbal Dependence ERtropy. - Definitions of these wariables are-given
. <o ° o .

:in Appendix A, and more detailed description re avai]able;elseWhere

(Watt and Krull, 1974)

»

The rax:onale for a re]aplonsh”p between program comp]exlty and viewing
‘l'l
behavnon\ls that teleV|5|on V|ewers aré\J;ke!y to choose proqrams on the

—eE . - F ok S -,

.

bas:s of .the amount of lnformataon proceSSQng offered. The lnformatlon

.

‘

-° __ __Theory. variables vefe deveioped to measure sdwe aspects of program form*which

.
-
’

.
/»

could be.processed by MJeng?. -
In previous studie$ complexity has been found to be related to audience

, ratings.” While the levels’of complexity @f commercial programs appear to
. . v ’ . :

- . « [
P f N P - .. . v

. e near the optimim for d{aWingqlarée audiences, public television programs

: - - g - . .
were found to be lower in comfplexity with ‘increasing complexity correlating
N » <

-
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. ing of programs. Viewers were found to cluster their viewing around cer-~

1.

with Increased ratings (Krull and Watt, 1975).

&

. . ' = -
Rrogram complexity was also-found to be related to habitual viewing,

as measured by tﬁé'average frequency of turning in programs, and to lik-

-

tain.complexity values KWatt and Krull, 1974), but Wene not found to

cluster thelr liking of progfams (Krull Watt and Ltchty, 1974). However,
3
young adults Were found to prefer higher leVels of program complexaty for

both viewtng and ltklnqﬁ(Krull, Watt and Lichty, 1977).

These studies'support a. 1ink* between program complexity and the

, . , y ‘ )
selection of ﬁho}e programs by viewers; they reveal little about viewer
behavior during viewing. 1t is possibte, for example, that viewers~prefer

attributes of programs which covary with complexity, such as violence

“{Watt and Krull, 197§ , 'and that they only attend to viola;k segments, ! ®

.
’

ignoring the changes in compleXity. A closer examination of viewing be-

- . . -

havior is necessary to eliminate such possibilities, ‘

.

One study of the effects of program complexity and violence on viewers
y ; . ! 4 ;

over time has been done. Pnysiological changes in viewers were found "to

-

correlate with changes in program complexity, when both groups of variables

_were measured over 2 minute segnients (Watt and Krull, 1975). It has been .

i

argued that the kinds of physiological changes observed are indications -

of athntion (Lacey, Kagan, Lacey and Moss, 1973)’and this would lend add[4‘

tional. support to the rationale for viewer preference for .complexity. ' f

The time interval in the study just described is still rather tong for

Pt
P

estimatfng the effects_of programqyariables on children. The advertising

studiés described earlier showed differences in the way children teacted to .*
commercials varying from }0 to 60 seconds In lengthﬁgard Levinson and i .
Wackman, 1972). ) Reeves: (1970) reported the average dufat|gn of visual %'

t . g 7 i ) ~ L :’1 . e R
1A” .7-7” o ) ) . 2\‘{.: .
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‘theoretical and methodological prbblems due'to Interactions among adjacent

L IS N\ -

attention of Sesame Street viewers to-be leés'than one minute; and Levin
and Anderson 1976) found that program/segdénts in Sesame Street shows

were sufficfehtfy long to show decreases in attention during the segments.

.We used ansinterval of 30 seconds in this study. This iﬁterval

seemed‘to be sufficiently short to assess some short-term offects, but

.

not so short that values of the program_ varlables would become unreliable.

L

The 30 second cntervaf does. not change the overall rationale for a relation-

ship QetWeen complexity and attention elther, but tt does imtroduce several
' ~ : - , - .

-

- . ’
time intervais: .These are discusged in a description of time series pro-
. - . . . L 4

cedures in Appendix B. Next we will describe two program measures used 7

in addition to the complexity variables.

Visual/Verbal |Interastion Program Variables , .

3

To .the-complexity variables we added two variables, Congruence and
- .

independence, which assessed the relationship between ‘the \'/'erbal and visual
v ' \I . .

parts of the show. ' ' ! (;

Congruent verbalization was defiped as any meaningful, spoken utterance

which describedg referred to, or was generally "about' something that was

-

»

simul taneously being projected on the screen. The utterance cou[d be of

any length or type - it merely needed to'Bé correlated with an image iﬁ the

visual frame to count as congruent. g ‘ -
A great variety of utterances fell underlthe heading of ''congruent'. -

For example, the qﬁgkén word "one (with an'aécompanying visual graphic) .

was counted as a congruent utterance. Similarly, Tetters of the alphabet

which were recited with accompanying graphic representation werge each

treated as individual "utterances''. At a more complex level,.statements

_ hhd ¢
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"like "Look at all, this old stuff | have lying around here'', "There's 'a bird

~

on me' ,,and ”And now we have a p|cture of Bert'' were also counted as con-
A ]

gruent utterances. ¢ =
' !
f

, Independent utterances were any Utterances which did not focus' on some-

thing In the visual frame. Typical examples are stateménts like '*How was your

“day", “'Hey, |'m just kidding”; and ''I've got a little system that l.use ‘

. .
- .

sometinme''. ) .

.

The‘rationale for coding these variables was prov?ded by Piaget's theory
- . . - * R
of intellectual deyéJOpment. The bulk of Piaget's research investigating

children's cognitive pr6cesses has dealt with the child's understanding of

. , . S -

physical, Iogical, and causal relatkgpships. The aim of these investigations

. . .
4as been to construct a model of the child's cognitive processes which will *
i B

7ccount for {ts.understandrng of such relattonshnps. (Glnsburg ‘and Opper, :

~

1969) o ' .

~ f’ <

The essence of Plaget s theory is I%s "Mogical" (in the formal sense) charac-

o

-~

ter. Piaget .uses the formal {anguage of symbolic logic to deschbe the developmedf
, :

of the child'sNpatterns of thought. in this" framework, the.chlld's perceptlons of

the wofld are assimilated to schemes of action whwch change Tn the course of

development from perceptually bound, non- reversnble {or, semt*reversible) systems,
-t ]

to mobile systems of transformation‘which are character&;sgxby reverSIbillty.. .

.rcm a position in.whtch hss

. 7/
o a position in which he

%part{cular perceptual state. .

An important feature of the child's thought process prior to adolescence
is its "concrete! character. Even'aftectthé‘cthd has developed the capacity

, - ' - kg N
to consider trénsfprmatipqs as opposed to states, he is only capable of nfentally

transforming phenomena‘which he can‘concretely'exqerience. The ability to peffgrm

, o r

' ‘ 9
.
\
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a mental experiment, i.e. to consider a problem at a purely abstract'level,
. . ‘. \ - .
is not, developed until approximately the peniod 6} adglescence. °
- 1t isy in fact,‘the concrete character of child thought which provided the
. | ¢
"strongest basis for expecting differences in children!s attentuon as a fUnction:
. } . . \

of. whether segments had a hlgh degree of visual/verbaf congruence or a high

- .

degree of visual/verbal Independence. Since vusua!/verbal congruence implned

that information was beung presented concretely (l e7 with visual reference), .

>

v we felt that ch||dren should be able to a551m|Late thlS nnforhation and thus

.

A

would be attgned to what was occurring on the screen; whereas, ssnte visual/

verbal iqdépendence implied that information was being presented at a primarily'

-

symbof/c level (i.e. verbally as, opposed to visually) we felt that chtldren .

ould have difficulty a951m|iat|ng this information and thus would tend not to

) - -

pay attention to |t. ] . .

* Time Series and Causal Relationshig;_ g i ' r
~ ¢ S 2
Several theoretaca! issues intruded rnto our attempt to tie lndependent

4

and—dependent J“?%ables closer together by measuring varlables oyer short

. 5
tithe intervals. First there were the theoretical issues we wanted to in-

vestlgate~-length of the delay betWeen the action of the independent variables

and the response of the ‘dependent variable, the .rate bf the response of the
4 . 9

dependent varidble once ‘the response occurred, and the strength of the - -
N ‘L . » - .

relationships between the indépendent and dependent variables at their strong~ .

¥

est point, Secondly thére were theoretical and methodological iégues‘reéard~

|
ing the interactions among variables in adjacerit time periods.

- v

i

I ®
//),—\ Our handling-.of these issues forced us to use a teqhnique.called-time
L] ¢ *
. . [ R
“serlies analysis.  Theoretical ramifications of the tecﬁnique for the study

- . Ld .

[ A

[N
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described, in Appendix B. Readers unfamiliar with the method can omit

‘-
’
”

N
- B . . ) ‘.'?

of children's attention'are descrihed ge]ow, methodological aspects-are

-
.

Appendix B on a first. read|ng Readers interested in detailed information-

-

on the method should’see Box and Jenkins (1970) and FuNer (1978) . .

lnterdepehdence in ‘Attention Levels. Children are not. llkely to,be
- | 4
completely erratic in their viewing behav;or. {f a child is paying atten- . .

tIon to the screen at one point,it is also likely to be paying attEntion to
\
the screen a short time. later. This may be the case irrespective of what

. by . - ,

. -

is on the television screen. A child who 1s not watching at some oint

" §s also likely/to continue not to watch for some time trreSPective of what

happens en the screeény .
o. ~ [ ,
Thls consistency on the part of children may affect the relation-

- . -

ship between program variables and attention. If the consistency inr atten= ™,

«

‘tion is very strong, the effect of prbgram varaab]es on attention will oo

appear to be reduced. The correlation between these varlables for short

<

time- peridds couldnbe‘;mall og variable. To make an accurate assessment of
- . L 4 A, .

the effect qf the’'independent variable one must take the consistency. of

-

attention Into account. ‘0One way of doing so is to compute the correla~

tions between attention,levels fn neighboring measurement lnterva!s, . ~
the autocorrelation. The Ztronger the interoependence between adjacent .
time periods, the higher ‘the autocorrelations .o °

. To determine the‘point beyond which !nterdependence can b; ugnored aﬁe'

- ¢ .

safely one should compute the partia! autocorrelatuon. The partial auto-

»
correlat:on is the corrglation between distant time periods with the values
P N - »
of intermediate time périods hedld Constant: The paltuals are nonsugnificant
-

» ~
statistically.beyond the time distance where interactions cbn be’ignored.

» -
’ .
s .
- i} . -
.
11 b b
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.

. ,See Appendix B.for information about the computation of autocorrelatiohs

.

i - and partial autocorrelations. .
Y . » - l ¢ ) *

- lndependeht and Dependent Variables Over Time. To assess the ﬁe}ay °
. . . \i‘
.  between the actions of-the.indépendent and dependent variablesjtimg series

]

- \ -

LN methods .employ ‘the cross-correlation. This correlation is merely the

aordlhary correTation between the variables, but it is computed betyéen.

« scores of the variables for different time intervals. . - .
+ .7 If-there is some delay in the reaction of the dependent'variable, one’

»

would not expeqt to find a correlatcon between the variables d;ring that

. o

&

-

delay. The effect has not taken'yet, so to speak. One would’only expect

S , a correlation between the variables-after the delay. This would appear as

H
.

statistically significant cross-corkelations after a group of near zero
. . [N P .

2 -

some delay In neaction to program variapTeé and the cross-correlations -
- . .

v ' > .

would- tell us the length of that delay. \

a - - <

- - ' ~ The rate of reSponse of the dependent variable can also be assessed«

in terms of the cross-correlations. |f the response is rap;d once |t v
LY

»

begins, the'erosé-corcelations should fise rapldly to 3 maximum. 1f the

4 < -
. »

& ° ., response is helatively slow, the cross-correlations.may only reach a maximum
over séverai time. periods. It.is hlghly likely that cht};ren will react at '
o difﬁerent rates to difFerent program var;ables. The eross-correlatlons'
Yshouid allow\.ug to.make cc;mparative judgment;:rega.r:ding thei.r response rates.
~. See Appendlx B for a*description of‘cross -~correlation graphs. )

. 4 [

Multivariate Analysis ofAAttentton“Effectst We expected It would be

‘necessary 'to separate the effegts of "interactions among adjacent values .

of both the. television program variables and. attention. _For this paper we

o ' ’ LN \ . ) ) j‘.‘v .T_Q". W
ERIC . ‘ , 12 . - : S

K ’ AN

correlations. ' LP ‘the case. of children's television viewing we would expect °

4




[4

»

s

* chose to use ordinary multiple .regression based on ‘autocorrelations

. .
o ’ : . > °
\ . ’

and ‘rqss:correlations in bdllding our empirical models: ‘While more ~
efficient estimating procedures are\available (Box and Jenkins, 1570), the )
unusual results we\tound in the data_made them unusable. . K

' ' . dypothesei' ~ . . ‘ . o |

We have taken an information processing approachuto‘the re]atiOnshlp . S '
between televislon program var:ables and attention. The essent1als of , ;,:
this approach, as they apply to both complexity var!ables and visual/verbal .
fnteraction vai‘ables, were outiined~\n|the preceding Sethon.‘.Here.We' 5:.

‘ ’ ' e AR

will apply the arguments presented above to chandes in children's atten~
» ' * ) . ‘
tion levels over time. ) : : T A

LS
1

', The hypotheses are divided Into three sections. . The first deals

th the pattern of single series Qver time, the second deals wath the
re]ationship of program comp!exity to attention and the third w&th visual/
verbal interact!on and attention. 5The hypotheses formulated were tested

on younger children watching Sesame Street and older chlldren watching The

Thls research Setting Is descrlbed in the Method section.
- ‘ R
. Single Varlables OVer Time. The'hypotheSes concerning the pattern of

single variables over time are ‘almost descriptive.

Electr[c Company

. We expected to find

some interdependence among'vaIUes of both the attention and«program varjables,

. bht since tim% series analysis is so new, ‘there are. few guidelines as to

_the degree.of interdependenCe to be eipectedl_ Our only strong expectation

,was that there would be a difference in the attention patterns,of younger i
o o SRS ) p

. ~

Both the advertistng and CTW ‘studles indicated that o]der children haVe»

' versus, ‘older vIeWer5‘~

a more’ integrated approach to watching television.

.

more dTrected and fewer random changes in attentlon from older viewers.

. 13-

We, therefore, expected



This ihould appear as higher interdependence between attention levels in
' 1 adjacent time’periods,falthOUQh the average attention levels need not

(}! * necessarily be higher for older vlewers. Since thé pFeram structure over

time of the Electrlc Company and Sesame Street appeared to be roughly the * .

.

. same, we pected that a comparispn between the viewers of the two programs

~—— gwuld, provide some Infonnation about this age differenge. - We hypothes i zed

.
N

that: \f ] .

-

Ry. Older children pay attention to the television | ™

screen in.a,more stable way than younger viewers. .
Since we had little information about the behavior of program variables
. over time for darge samples of programs, we decided to produce no formal

) hypotheses here. lns;ead we declded to_compare the behavior of these

“r

-
variablesa to see which variables were relatively less predictab'le over time

and to-see how similar the Electrsc Company and Sesame Street samp)e shows
¢ - Y _ s .

qere o structure. o . ?

£

Program Complexity and Attention. Program'éomplexity was found to
P N o

correlate with the sglection of 6rograms for viewing and 1iking, and with '

-

physiolog]eal reactions to viewing. Some aspects of program complexity were °

, .- also found to correlate with afgention to the TV screen .in the advertising
1

and CTw studies. Extending these findings to short term attentfon, we '\ -

expeCted that segments of programs with higher levels of comptexlty would
Y
draw greater attentIon from the. children viéwing Program segments with

higher lévels of complexity would provnde a good deal of perceptual Infor-

=

“mation to process and chlldren would therefore spend longer periods doing

.

~ the processlng ~ Program segments with lower levels of compléxlty would *

P 3

. require less processing time on the part of children. - This rationaleheld

for each of the program complexity variables: .




, . / \\ L] : .
* «—Hy! The higher the Set Time Enékopy, the higher the ltevel-
of chlldren's attention to the television screen)

. - H3. The hngher‘fﬁ% level of Verbal Jime Entrcpy, the-higher

the level of Chl‘dren s attentIOn to the televcsuon screen
\

Hy. - The higher the level of Shot Entropy, the hcgher'the
level .of children's attention td the television screen.

5 The‘higher the "level o% Nonverbal Dependence Entropy, the
higher the level of children's attention to the television
screen. : . B . b

'2 At this'stage of theoretical .development we did not feel prepahéd to

formulate hypotheses about differences between youngeffand older viewers.

Visual/Verbal.-Interaction and Attention.
- 2

into coﬁbruent and independ’ht Utterances was based on assumptions™about ‘

The division of verbalization

the.kind of cognitive processing required for. Underscan&ing. Generalizing
) ! . '
to children's processing television programs, we expected that”htterances-

accompanied by concrete visual representation would be easier to assimilate
7. ) . )

than utterances unaccohpanied by such visuals. [t seemed reasonable that .

children would pay less attention to program sefments which they were not
- 7 ‘ .

'eduipped to process and more attention to segments they could_proéess. ;We

hypothes1zed that:

-

H6: The hugher the tevel of Visual/Verbal Congruence, the
) higher”the Jevel of children's attention to the TV screen.

-

)

H7; The higher the level of Visual/Verbal !ndependence, the
lower - - the leve! of Children's attention to the TV screen.

Ssnce the ages of chlldren in both the Electric Company and Sesame ,

StreetvvieW1ng group fell withip the pertod marked by concrete_coghition,

these hypotheses were expected-to hold for Hoth groups.

i(ethod .‘-. o

§Emgles b

Télevisjdn Program Material. CTW provided us with four videotapes,

two Electric Company and two Sesame Street shows.

-, % o 15

These shows were taken

Aowho

wt




~

. " ' . _ "- + i * N N .
’ . /v\ . /‘ . > *
- . a :" <
' o to. . :
to be representative of the two series, but no compagative figures for the

]

program variables were available. -The Sesame Street shows were 47 (ss #1) .I
. and 58 (8S #2) minutes in length; the Electric Company shows were 28
.- (EC #2) minute§ and 19 (EC #l) minutes in length. The—sécond\Electric

" Company program was a s1ightty truncated version, but was similar to the
» s N -~
. . rest of the series‘}p/Bther respects. ’ DescriptiVe‘;tatistics are given

’

in table 1. » ' .

-
-

g

. Viewing Samples. CTW also provided attention data on children viewing

<

R fﬁé four videotapes. Ten childréen watched each of ‘the four tapes. The

¢ « . ¢ " “
. ‘Sesame Street viewers were 4 to 5 years old; the Electric Company viewers
' v . 5]

;: , were 7 1/2 to 8 1/2 years of age. . <L . ¢ ;

Measyurement Procedures ‘

o

. . >
Program Complexity Measures. Scoring the videotapes proceded in several

- - V .
stages. First the videotape was timed to determine the boundaries of pro-

. < . T . \
- 5 oo, N . P
) gram conteﬁ!ésegments (bits) and tHe program was, divided into/30 second
-~ ’ : - N M
segments. This was done to provide markers to-

check the accufaky of later

4

. . " measurements with respeéf to time in the program. " Then an entire videotapei

»

«was coded for one com§1exity variable, 30 seconds at a-time. *

.
1

‘One coder Tan the videotape machine and stopped it every{30 seconds

- 1

. using machine's pause control. The other coder scored the variables on a’

machine consisting of ten electric clocks and a keyboard and poted the .
- ! ’ri R . s
results each 30 second interval. Some program segments were of very high v A
° - . ' , i ?
o complexity and the average values of several coding passes was taken to

. , §
‘ represent these segments. ) s ;

% ¢ ' *

Q Entropy values were computed for each complexity variable for cach 30

| o .16 | '
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» T
second interval after coding was .completed.

)

Visual/Verbal InteractionfMeasures.

. \\ "were transcribed. Then, zsing the rationale given aBove, we determined

o . . . . -\
\ whether each utterance- fellyinto the congruent or independent category.

Since the®ength of utterarces varied greatly, the Aumber of words

per utterance was used as a weightlj For\example,'ihe word ''one'' or the

ﬁ?tter "g'" were counted as ssng]e utterances So was the statement '‘Look

" \%aall this old stuff i have ly;ng around here.'' The latter utterance

3
<

cl%ar]y occuplies more “space of the interval than either of the unit

: utlerances. We felt that a weighted measure of verbal ‘density would take

33

into account. -

-t
=2
- e B

Each scale was completed by summing the number of welghted utterarices

! <

in each category. - . -
. “
Cht‘dren“s Attention Measure.. The attentlon data was co]lected by CTW
/

£
¢ . . - E

~

as part of its research program (see Reeves, 1970 for a full déscription

@

Children were individually shown a vcdeotape. A

4

colored-slide projector, changing slides every 7.5 seconds, was placed at

of the prpcedures).

.

the same-height as the televisiontset and about 45 degrees to one side.

With the exception of one Sesame Street tape, the attention of each

child was noted every 7.5 deconds by a-coder_us!ﬁg a push-button connected.

'3

. to a recordlng deVsCe.

screen throughout the interval, 2 -- eyes on the screen more than half the

»> v
.,

; time, | -- eyes on the screen less than half .the time, 0 -~ eyes off the

One of the Sesame Street tapes was. only

screen through thetinterval.
1 A
scored for attent10n every other 7.5 second :ntcrval

’
-
The attentson?data provuded were averaged over 30 seconds to make the

»

o . . : .

eprtrn L s
»

The verbal parts of each videotape

-~

Atterition was Weightgg as follows: 3 -- eyes-on._the

-

®
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measurement intervals c?mparable to that used for the program variables.

2

This was possible because four 7.5 second intervals corres Pnded»to one
9 . N . M

30 second interval and the bohndaries matched,

N

- “Results

Single Series Over Time

[}
” f . ¢

T " Children's Attention. We had-gxpected™ e attention'leVels'of’-

attention levels of volder chjldren watching the Electric Company (Hl)‘

’ t

o . Figure 1 shows that autocorrelations for.the attention of children in both

€

groups drop fairly rapidly .to neaf»zero, ranging between .09 and .24 byfa‘

Jlag of 90 seconds. .This seems to indicate that the interdependence be-+"
(I 4 ) . A o - a:"

_tween atteﬁgion levels in neighboring measurement intervals lasts for

L M oo s L

S less than 90 seconds . . s L
r »« . Vem S
N L IV . v - ~ [ L

The partial autocorrelatlons for attentYon for all faqur v:deotapes
were found to be very near gero after a first significant one 3t‘§0'

:‘ seconds. Since the first{partial autocorrelation is equal to the first

"\ . N .

. - . e e - b
autocorrelation because thﬁre are not intermedidte intervals to hold =~ -

T constént; the first partials may also be read from Figure 1. Higher

- - t :
order partials cénnot be: read from Fjgure’] but sin:e none were statis=-

tTcal]y significant~at thé .01 level we did not graph them. ~%

‘- K

The autocorrelatlons do not .support our hypothesns»that older chiﬂdren
a . » - ¢‘ .

wou]d show more stable ]eVels of*attentlon becau5e the correlations are

» le

)

N ‘ s
. higher for the younger chnldren qntil they fall into the statnst|cally
- — o . “
. nonsngnlfncant range.*JThe partial autocorreTatnons for the younger
L4 4

>

children indicate that 4o percent of the variance in attention in one’

L3

show and 47 percent In the other show can be acc0unted for just baséd.on

the interdependence between adJacent 30 second |ntervals (these flqures

A . | oo 18 NN

L3

.

~

b4

1

%
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- zero, the hypothesis may not bé disconfirmed.

several instances,FVen the first correlation is significant at the .01

T

- statistically signlflcant at the .02 }eVeT in two places The parﬁ//)

" second cycle in the data (Krull and Paulsan, iﬁ.press). — )

-16-"

/ ° - % !
.

were obtained by squaring the coefficients). The partials for the older
children indicate only 16 percent and 27 percent of the variance in

[
attention is accounted for by the\EQ\second intcrdependchce,
v ’ . ) \ ’
If the pattern of autecorrelations, for the program variables for

the Electric Company programs is simila:>}b\fhat for theiSesame Street | -

[

programs, thedprograms are very Jlikely to be structured the same way over

time with respect to other unmeasured program variables. In that case

Hypothesis 1 Is not supported. ift

On the other hand, autocorrelations

for the program variables for Sesame Street droppéd more sl

ly towards
Younger children might

just be following mBre slowly ghanging program variables andipay appear

ke

e more stable in attention as a result. ‘ , . Y

Program Complexity. Figureslz through 5 show the autocorrelations

for prdgram complexify. With* the exception of Electric Company show 1,

the patterng\for all of the variables are rather similar. The autocorre-

.

lations HrOp to a statistically nonsignificant level very rapidly and in
9 Mg _‘?

level. These patterns indicate that there is.very littte interdependence

between the neighboring values of these program variables. .
- ;,\ N “ e ES RN A >
* The Electrlc Company show I autocorrelat1ons for Set Entropy are

autocorrelations were found to be :34 at 30 seconds and- ~.38_at 90 seconds.

Further data anslysis revealed these gorrejations to be part of a 210

- ’ »

- Visual/Yerbal lnteractiong\fThe autocorrelations for Visual/Verbal

lndependeqéasgre given in Figure ‘6. The‘patterns for all of the samé!e_ . \

“

programs are similar with nonsignificanttorrelations after oné approahh?ng

19 - -
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» . ‘A= <« . @
significanceeat 30 $econds.\ The first lag autocorrela;ions’rgnge from .18

. % ’
, to b0 with the Sesame Streét shows falling at the upper end of the range.

4

“Figure 8 shows that, with the exception of-Electric -Company-show 2, - - -

the autocorraiatiens. for Visual/Verbal Congruence approach nonsignificance
o \,,_ - * .

falrly rapidly.

& - \ ,’ .
However, the first lag autocorrelations are fairly high,
¥Be§ng in the .40 to .50 range. With ‘the excegtion'of the one Electric

Ebmpany show, higher order partials were found,to be %nsignificant statis~’

tically. ’

The high autocorrelations for.Electric Company Zi;n the 180 and 21Q

second range were found to be indicative of a 200 sécﬁﬁy'tytié in the

data. bescription of’ that analysis/@oes beyond the scope of this papér.

L4 » ¢

2

Both the Indepen&ence and Congqhqnce varjables shdw more {nterdepen-
. . - “_ . t»
<;Jdente between adjacent intervals than do the nearly random complexity variables.
h : ] . . . . . .
Children might find changes in the former variables easier to follow than in

the latter. On the whole, the Electric Company and Sesame Street shows -

. ’ N\ .
, seem to follow roughly the same pattern and little éxplanation for the
greater stability of “attention of the younger viewers can be found in

differences in the program variables we measured. Hypothesis 1 does nof

appear to be supported. n ] o N |

Children's Program Varjables and Attention - - L.

Effects of Prog}am Complgxity. "Lross-correlations between- the four

et

. v . . - ‘ . S .
entropy measures of program complexity and children's attention are given

tn figures 8 through 11. fhg horizontal axis in the figureé indjcates how
g . . ST T e
far the dependent variable léads (negative lags) o’ lags {positive .lags) the

changef in the values of the indepen&egt variable. The vertical axis in-

<. »

-‘. N . o ’ "l" 3 )
dicates "the sizes of the correlations between the independent and dependent




7// : which will occur. . . ‘ o ‘1

®w

-18-" -
. ' . . C L
variables at diffcrent given lags. We had expected the patterﬁ'of cross-
correlations to look approximately as follows: insignificant correlations

)

< -~

until some point after changes in the independent variable ocqurrea (a

positive lag of the‘dépendeﬁt variablé),.arsmall huﬁbéfrof;staffstically

" significant correlations, and then another series of insignificant ‘corre-
> . ) ¢

N

lations. The point-at which correlations became significant would indicate

=

the delay in children's reacting to a program variable. - The point at which -

s

correlations again reached insiénificanceJNould indicate the duration of

Y

the effect. ) . ;

Figure 8 shows cross-correlations between Set Entropy and attention.
: [
LR . L
The older viewers of the Electric Company seem to be affected very rapidly 4

.

55% changes in Set Entropy since ;He correlations for zero lag are aiready -

- s
fairly large. The effects Seeh§ to decay by 60 to 90 seconds. However,
1 T . i) - ‘ -
the pattern is complicated by correlations in the negative lags at 120
’ . ye c . -$
! v ' " o W

~. to 60 seconds.
- ?

h. Significant corrélations at negative lags generally iﬁaicape changes

- in the deptndent variable precede changes in the independent variable. In

" other words, the causal order’is the reverse of that expected. Another
possibility is that an ‘unmeasured 'varjable, affecting both the independent «
. L4 . *

L]

_ @nd dependent variab]es, produced ‘this 9dd set of qqrrelatjbns‘ However,

ap%éxplanation which hé@ pafiicular appeal for our theoretical problem‘is.

that children are antici}ating changes in the Set Entropy variable before™

they happen. ~This implies that thé older children wafching the Electric
. Al . P

. Company know the program sufficiently well to predict some of the things» ‘

- < -y :
The. data in Figure 8 do not indicate a significant effect of Set

& -

Entropy on the younger vieWefs‘pf Sesame Stfeet.<AHypothesis 2 appears to

. . &l

.

$
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be supported for older, but not for younger chil?ren. o e
BN ) . - : , R
Ftgure 9 shows the crass~correlations between Verbal Time Entropf

<

?
d attention: "The pattern of corre]attons found is not as pro*hunced
S ~ &

A aS\that’Tor Set Entropy, w;th only Electric Company I and Sesame Street 7/‘ ’
P AN % .
. . < . .
] showung correlatlons approaching statcstlcal scgncflcance. There 7
£ - e K . ) .
e e — appears to-be rather weak support for Hypéthes‘s 3. “n‘ .o “u, s,
\%5\- ,-

The cross= correlations between Shot Enttopy and atténf on in Fvgure 10

7s

are weakly stgnlflcant ( 05 level maximum) for both Electric Company programs,

but the correlations are positive for one program and negatsve for- the other. .

K
hd

Both sets of correlations also i dacate some anticipation by children stnce, o

the maxima are reached at 60 to 30 second negatiVe lags. Sesame Street’ 1.
;%

showed sugnlflcant correlation on]y at a lag of 180 seconds, and‘Besame~\’“

- a N e

Street 2 showed only an anticipation effect. These resultsAjndgcate weak

[

a

support for Hypothesis‘4 in some cases and no support at alYy in others.

. b4 .

Flgure ll gives the cross-correlations between Nonverbal Dependence

Entropy ‘and attention. The Electric Company data again séems to indicate
R . 7 ) v

-

. *~
antchpation.on the‘part of children, with negatlve correlations appearing

- BN
. -

about 60 seconds negdf{ve lag. The Sesame StTeet data show rejatively
\\

7 1 - : . ¥ ¢ e <
small correlations throhghoyt. These data indicate o support fogwﬁypothesls

- VS' N ¢ \ [ > - \v' - e T * . k) T -

-
)

. Effects of Visual/ﬁerbal‘Interactibn. Figure 12 skows the cross-corre-

~ L]

lations between VisualfVerbal Independence and gttention for all shows “to

P - B : * . . ./ \):,“ .
‘be that expected. Alt ugh there is some wvariability in the strength of the

correlations, the effect is\most strongly nega&lve at zero ]ag and appears
y e '
to be of rather-brief duratign. Hypothesis 6 appears to be sd/portcd.' o

o
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v

. less consistent among the samg~§ programs.

/ has weak negative correlations.

© o .

——
»

data give ratfer inconsistent support for Hypothesis 7.

Multiple Time Series Analysis.

» - -
4 f

(- .

E) 4

the program var:ahles were affecting the cross-correlations.

ln Figure 13 are stronger than those for lndependence, but the pattern is

One Electric Company ‘program

e

. has mediam positive correlations for Gongruence "and attention, the other
One Sesame Street program has strong

positive correlatlons, the other has moderately .negative ones. These

’
[ .

Multlpie time series were run to determihe‘ff‘the relationships among )

Some- of the

n

W

crossﬁcorrelatﬁons/t\plIed ant|c1pat|on on the part of children which would

We were not prepared to
» ~

~

! require a feedforward type model to a%g!yze.

. : ) , .
“modify multiple time series computing algorithms ¢o-handle this situation,
so we decided to obtain good preliminary empirical models by‘using simple

-multiple regress

ion. Were a feedforward mode!l £E be used, a better fit than

that we got would be highly likely. - . ,

M -

The Sést multiple regression models for-Sesame Street are given in ..

Table 2. There are three lmportant features to these models. they explain

- a large amount,pf variance in Ettent«on, the bulk of the variance exptélned

o "is due to autocorrelat;:ﬁ\hxth attention at a lag of 30 seconds, and the

t

: remauning variance is explained by measures "of the verbal aspects of programs.

. Note that the negative lags of the independent variables in the table corres-
\ {
pond ‘'to posIt(Ve lags of the dependent varjables in the cross~corre!at|on

-

Ll

flgures. ‘IA“ o

~ +

»

-

e Y

The best multuple regression models for the ‘Electric Company are given
-

in Table 3. /Ihree {mportant features oﬁ these’mode\s are that° they explafn

o dge 0

&

\\‘“\\\ large ahount of variance in attention, the bulk of the variance explasned IS

¢ ’

S e
.

~ Y
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due to eross- correlatJon with the program variables, and the effects of the program

| compleX|ty variables are stronger than those of the Vusual/Verba] Inter~
L . . . \ ; i
action measures. . R : -
. L ’ . .
o Both the  Sesame Street and Electric Company models exceed our expectations. _ .

They account for about half the varjance in children's attention with a small

3

- .

. number of predictor variables. Although some of.tﬁe regression coefficients
O ‘ . .

3

for the Sesame Street program variables are only matginally significant, the-
. | . -

, - overall models are hughly statistically significant in eVery case. |t is

Z
, also interesting to note distinct differences between the models obtained

for older and younger viewers. These differences will be discuSsed in

Y 'ym* a3 w:_’g;gf— . o ' ~ R 7
- Discussion

- : . i .
¢ At the outset we indicated that we were going to examine the relation-

the next seCt'9§h&

“r

sh|p between a.small number of television program varlables and cht!dren s\

attentlon. We also-indicated that we would do s0 taking into account- the,

interdependence betw%en adjacent time intervals, and the delays and rates -

3 v

of response of attentiofi to the different program variables.

—  The data Indicated: the pattern of children's responses to be fluid and
variable. - Autocorrelations’ of children's attention indicate ttle con-
» o -
, Sistency beyond about 60 seconds, the |nterdependence between two adjacent . *

ke 3}
. s

= lags. Cross-~ ~correlations were found to vary’ ‘between prograhs In the same

TV series, and significant cross~correlations were found inaunexpected places.

t
HoweVer, the data also snducated chlldren s attention is hot tota!ly n-~ % -

- predictable. Several hypotheSes about children's behavior received at teast

partial support and the muitjple time series mode}s .atcounted for unexpectedly

> - 4

high amounts of variance. ¥ ' ' R

5
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The expectation that older children would show more stable attention was
. e . )
. ® 4

not supported by thé data (Hy) . This-Qas sﬁown both by their autocorrelations
and- by their low weights in the multiple régressions for 30 second lag

attention levels. Although comparing the behavior Jf vidwers. attgnding to = N

two” different TV series is not # clean test of age diffefences, these data

do indicate some age differepces d?e'ljkely. ; ¢

3

Ong interpretation‘we have made of our data is that olde®cHildren are. . |,

v

more attuned to changes in the content of .television progFéms and ‘are more - .

- -

able to adjust to thase changes by vanyiﬁg“the amount of attention they pay.

\

Younger children seem to be more rigid in.their'viewing, being unable to : P

N o

make adjustments in tHeiﬂjﬁpcessing(of program content as content varies
< ° . : t - F .-
?yer time. 7¥his interpretation is_consistent both with thé‘prevsous.resear;h

literature and with the greater relative predittive power of program variables .

- -

In explaining the attention of older viewers. Comparisons of iieWefé’gf diffqr~

ent ages watching the same show would be required }d<valfdate the argument. .

. ' 2

. oy . ~ *
Comparisons of -the delays and responsa rates of attention to the differ-

ent program variabies proved to be rather interesting (H2 to.H7).

&

Strong cross-"

- P P

correlations were found at long lags to either.- side of zero lag. In several®’

» ~
¢

' . .8 N .
Instances the zero lag cross-correlations, which are the equivalent of -

. 1 -
ordinary cross-sectional correlations, were rather small. More interesting

yet, a few variables seem to show children's anticipating chanéeé in programs. .
| . ’ = -

¢ )

Such apparent anticipatian would certainly not have been found using cross- 2
sectional methods. . : ’ N

If our interpretation of the cross-correlations' indicating .anticipation .

<@ ®
+ -t -

'is correct, much more sophisticated theoretical models of children's viewing

.
’ e

* behavior wfl] have to be developed. Levin and -Anderson (1976) reported children' J

\ - .
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e devel'op'irig from random to purposive viewing by the age of 3 y;earsl Our,
N e ~— -
. . data seem toasnda.cate thit chlldren have enough experienceN telev:s,uon

Y viewing-by the time the‘\/ are 8 to predact some aspects’of programs. We - Y

o’ intend sto develop and test a theotfericak_mpdel inc]udi,ng(a‘ntic‘ion effects

& < . ~ - ! ,”. *
in the near.future, - . s .
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. Table 1}
. = - DESCRIPTIVE STATISTICS "
Variable Show Mean - Standard Deviation
Children's - EC #1 ) 34.3 ' 9.3
Attention EC #2 62.3 15.4
' SS #1 - 73.3 15.7 -~
; SS #2 . 66.0 15.2
Set Time EC# N .5‘3’\;
Entropy EC #2 .50 : .67
SS #] d29 - -56 s
SS #2 47 .89
Verbal Time EC #1 - . o .76 .6}
Entropy EC #2 : .83 .54
SS #1 . .88 .66
) SS #2 .89 .70
N, -~ ..
Shot Time EC #1 .76 . .l hy -
Entropy JEC #2 .88 .bo
$s #1 ¢T3 .52
SS #2 79 .50
AN
Nonverbal EC #1.° 77 ~ %31
Dependence EC #2 e 68 .28 -
Entrop ) .SS #1 f.45 .36
il S #2 . .65 .29 <
Visual/Verbal EC #1 R T: 10 23.8
tndependence EC #2 28.6 21.4
o SS #1 - 28.9 . 22.3
SS #2 o 25.2 - 23.5
© -
Visual/Verbal EC #1 16.4 - 13.8
Congruence g. EC #2. . 19.2 14,5
- SS #1 - 194 21.6
\ SS #2 24,2 20. 4
EC A N =38
EC #2 N =56
. . SS A N = 93"
A v . SS #2 N =

¢
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Table 2
12 ? «
. MULTIPLE REGRESSIONS OF CHILDREN'S ATTENTION a
' o . ON TELEVISION PROGRAM VARIABLES
FOR SESAME STREET ° . . »
Show #1 7
.. . HMultiple . ’ '
Predictor Variable . Beta ¢ R F D.F. p< .
Attention;.; ' - .53 .76 20.28 - 6,86 -001
Verbal Time Entropy, By L ' .
‘.
Verbal Time Entropyt_z .13
Nonverbal Dep. Entr.. 12 : . ’ N 'j
Visual/Verbal Indep., -.13
Visual/Verbal Cong., .28
A ~ | .
” N £-2 . , »
'r' k4
A ' ) ,
Show #2 . \ ) -
: ’ . ~ Multiple . o
Predictor Variable Beta . R ~ F D.F. P=< ¥
M A .- . . . .
Attentiong.) .62 . .70° 26.835 =B, 111 001
Monverbal Dep. Entr... -. 14
‘ \ P s t3 .
Visual/Verbal Ind. -.20 .
Visual/Verbal Cong.t-2 -7 ) ' )
/
P ~ .
—— % 1 ! l‘ '
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. - Table 3 .
MULTIPLE REGRESSIONS OF CHILDREN'S ATTENTION
3 : ON TELEV!SION PROGRAM VARIABLES
' OR THE ELECTRIC COMPANY.
& -
Show #1 .
. Multiple . .
Predictor Variable Mta R F D.F.
* v Set Entropy, . .39 .66 -6.22 h,33
SetAEqpropyt_3 241
<
Verbal Time Entropy, . .36
Shot Time Entroﬁyt-z .33
.- .
Show #2
' Multiple ;
Predictor Variable' Beta  ° R _F DF. .
L4
Attentlont_] ) %3] .73 7.67 7,48 °
Set Time Entropy, | .33
Set Time Entropy,_, 18 .
¢ 7 Verbal Time Entropy,_, ‘ -.32 .
Shot Entrop&t_z .29 -
Nonverbal Dep. Entr.t_6 C L2k . . -
X 5
Visual/Verbal Cong. 36 L.
- 2 L e N

.
|
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Figure 8

CROSS-CORRELAT {ONS BETWEEN SET ENTROPY
AND CHILDREN'S ATTENTION
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Figure 10 ’ _ v

CROSS-CORRELATIONS OF SHOT ENTROPY

> AND CHILDREN'S ATTENTION
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Figure 12 ‘ o
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‘ . s . VERBALIZATION AND CHILDREN'S ATTENTION

L
3 : .

ho-¥

B -~
.
.

.30 4

\
- s
\
N
R
4

-

° L

iy
A >

T -4l | ———  EC #1

T . - . . L""‘T‘ EC #2
- . . . e oo SS #1
. ‘% ‘; ¢ ~ , ' ?—- hathadad SS #2




Figure 13

CROSS~-CORRELATIONS BETWEEN CONGRUENT
VERBALIZATION AND CHILDREN'S ATTENTION
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; Appendix A

DEFINITIONS OF PROGRAM COMPLEXITY VARIABLES
x "/ )

.

Set Time Entropy is defined as thHe degree of randomness of the time of

visual duration of discrete physical locations in a program.

Verbal Time Entropy is defined ‘as the degree of randqhness of the time

-

of audible behavior on the part of characters in a program.

A
.

anverbel Dependence‘Entrqpy is defined as the degree of randomness of

the use of only visuals to carry the narrative in a prograﬁ.
7

*

Shot Entrqu is defined as the degree of randomness of the duration of
dlfferent apparent distances between the camera and the object in view.
This new variable was added to tap visual aspects of television pro-

A

" grams not handled‘by the set entropy measure. It was coded by scoring the

LY ~

i\aﬁoyntobf time spent on close~up medium and long shots. These three cate-

-

gories were used as a compromise between having sufficient categorfes to

-

make discriminations and not so many that ategorization became unreliable.

80th one’ and two person close~ups (showi upper chest and head) were

coded into the close-up category. Shots which sh
chest and head, but less than thesentire figure,. were coded as long shots.

. N } ’ v * E S
These distinctions were rather difficult to make with puppets_and_some

.
4

animated figures.




A Appendix B

\ £y

,TimgLSerieé Methods

-

There are two related branches of time series methods =~ time
% °

domain methods and spectral methods. In this #aper we have used the

>

time domain approach In which values of variables at different points

in time are correlated.? Two Important<statistics in this apﬁroaqh are "

. the autocorrelation (the correlation of a variable with itself) and

the cross~correlation (the correlation between two or more variables at

¢ ;

different ‘time points). Spectral meth;ds attempt to explain the behavior
of variables over time by-searching for cycles in the data. These methods
are very elegant, but they are alsd complicated and require a different

kind of theory than commonly found in communications. .’ ..

. - 4

U4
The Autocorrelation,

The autocorrelation is defined mathemat?cally'by:

. -

.,

c

) * rk = K .

€o
. . ' . L&
where K is the time interval between-the values correlated, cy. is the,

covariance between the values at lnterval‘K, and <o Is the covariance at

- -
. v

lag zero (simply, the variance of the variable).
’ The si¥%§ of the autocorrelations can be plotted against the lag to

glve a visual impression of the degree, of dependence in the variable. Thgg&
graphs are called correlograms and were used- to report the data fn this

paper. .

-

Partlal autocorrelations are analogous to ordinary partial correlations.

1

Partia) autocorrelations are useful in dé;ermin}ng the exact time lag to

. .
. L
. . 16‘ . s .
’

T . 3 q?:_g.\{:‘, i i -

.
v
o

LN




which a va(lable is dependent. For example, if the valyes of adjacent

time intervals were correlated;“the effect of the correlatijon between the

2

—_ . L3
~first interval and the second interval would also transfer to values in

the third interval. This is simply a causal chain in time. The partial

autocorrelation af the first interval with the third interval, holding
, )

the second interval constant, should be near zero if only adjacent values
¢

are Interdependent. If it is not; the interdependence in the variable
o el

extends beyond just one lag. -

The formulas for higher-order partial autocorrelations are complicated

and packaged routines. are generally used for their computation.

-

The Cross-Correlation

-

The cross-correlation'is dgfined mathematically by:

c

s xy (k).
I'xy (k) B
' S8y ,

. «

» where k Is thé lag, Cey (k) 18 the covariance befWéen X and Y at lag k,

3

S, 15 the standard deviation of X, and S is ‘the standard deviation o% Y.

Y

Cross correlétlons are generally plotted for lags of the dependent

v

variable. This means that one reads the positive values in the graph as-

. . s RS

Indicating how long after the Independent variable changes the dependent ugr*:
Iable responds. Howevec, regresslon models of -fhe relatsonshnp are normally
wrltten with negative lags of the independent variable ThlS means ‘%that

the correlatjon at Yt+k is equivalent to the corre!atlon at Xt ke A

regression equatuon ln two variables would take the followlng form.




