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ABSTRACT

This paper describes a program which was developed
fof analyzing time series quasi-experimental data. The
computer program outlined generates a non-stationary,
moving average, time seriec model which indexes the
instantaneous chénge in level of the t£Me series due to
a predesignated treatment. The observations Just prior
to and Just following the treatment are given priméry

weight in the model.
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SPECIAL REPORT No. 722
COMPUTER-BASED PROJECT for the EVALUATION
of MEDIA for the HANDICAPPED

T { T [ © ! NOTES ON TIME SERIES ANALYSIS

BY: Rohert Pruzek & Jack H. Bond
B2.CKGROUND
A .

The Computer Based Project for the Evaluation of Media for the Handicapped,
based on contract HCEC-9-423617~4357 (616) between the Syracuse (N.Y.) City Schcol
District and the Media Services and Captioned Films Branch, Bureau of Education
for the Handicapped (United States Office of Education) for the five year period
July 1, 1969 through June 30, 1974. The major goal is to irprove the instruction
of handicapped children through the development and use of an evaluation system
to measure the instructional effectiveness of films and other materials with
educable mentally handicapped (EMH) children, in-service training and media support

for special teachers, and studies relatad to the evaluation process and the
populations used.

The Project has concentrated on the 600 films and 200 filmstrips from the
Mledia Services and Captioned Films (BEl -~ USCE) depository; however, specific
packages frcm Project LIFE, wvarious elementary math curricula, and selected
programs from Children's TV Workshop have also been evaluated. The evaluation
model used requires that: 1) objectives of materials be specified and written;
2) instruments be constructed to teést and measure effectivenessj ands 3) children
be the major sources of evaluation information. A number of instruments and
methcdologies are employed in the gathering of cognitive and affective data from
900 EMH children and 80 special teachers to make the effectiveness decisicas.
Over half of the EMH population can neither read or write; thercfore, a unique
Student Response System (SRS) is employed, consisting of a twenty station G.E.-
1000 SRS which can be operated in a group or individual recording mode and is
connected toc a remote computer system. The computer capabilities consist of
remote telephone connections to the Rome (N.Y.) Air Development Command, the
loneywell time-shared network, and the Schenectady (N.Y.) G E Research and
Development Center; and batch mode capabilities of the Syracuse City Schools,
Syracuse University, and various commercial sources.

In-service and media support activities provide on-the-job training for
teachers, teacher aides, equirment, and materials to the special teachers in
thgcity schools. The research activities have centered around investigations
and;special problems related to the development of the evaluation model. The
four majoy areas considered are: 1) testing effects, 2) captioning effects,
3) special student characteristics; and, 4) evaluation procedures validation.

Documentation of the major activities appear in the five annual reports e
_and the 600 evaluations prepared on materials used. Staff members vere encouraged
- to prepare special reports and the attached paper is one of these. The opinions
- ‘expressed in this publication do not mnecessarily reflect the position or policy
_ of the Computer Based Project, the United States Office of Bducation, or the =
~ Syracuse City School District, and no official endorsement by any of the agencies

~ should be inferred. .
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NoTes on Time Series Analysis

These notes are to describe a 2rogram for anaiysing time series quasi-
experimental dara. The method of time series analysis is called an integrated,
moving average method. It has been found to be useful In a wide variety of
industrial and economic appllcations and seems to hold cons!derable potential for
studying educatlional data. The primary reference is George ox and George Tiao -
" A Change in Level of a Non-stationary time series”, Biometrika,1965, p. 181=192.
" The assumptlons under)ing the Box-Tiao method are somewhat difficu!t to dascribe
in words in their entirety, but three major polnts should be made:

1) There will be an absonce of cycles or cystematic trends in the ortginal
data across the entire series. That Is, the data should appear to fluctuate
more or less randomly around a general lire of trend for the entire series.
Sustained drifts 1n one direction or another will tend to Invalldate this
mode] .,

2) The Corralogram of the original data Is +o be free of systematical cycles;
i+ should show more-or-less random fiuctuation around the base |lne. In
particular, the correlogram should not show the damped, cycilc curve
characteristic of autoregressive time serles. In fact Box-Tiao offered

thelr moving average methology largely to avoid major problems of auto-
regressive time series mothods.

3) The correlogram of the differences between successive cbcervations in the
time series has a “lag-one" correlation which is large In absolute value
(near .50 usually} whereas, all higher fag correlations = 2,3,4 etc. ~

are to be near zero. <{(The latter s a statical question which may be very
much open to discussion in the context of a particular expsriment.)

Furtter general polats to be made are that the time serles observations are
assumed to have been made at equally spaced ‘ime {ntervals; and that there is
fnterest in testing the hypothesls of a possible shitt In the level of the ’

 sef[es ﬁhich'ls assoclated with the occurance of a parflcular'eveancalled:a

_ trestmnt. The Box-Tiao nodel Is properly described es a non-stationary,




integrated, moving averags time series process. In Its simplest form (not one to
be described except briefiy here), the model says that an observation at any
particular point t, in the time series, Is a sum of three terms: (1) a-fixed but
unknown locatlon parameter, L, (2) the product of a quantity gamma('Zf) times the
acamulation of a previous set of c{;,va!ues up to any polnt t In the series, and
(3) +the a!pha.( czf*) value associated with that particular point in time. The
alphas are taken asﬁlndependenf random norm$| devlafés, which are assumed to have
constant varlance of sigma squared for each point of the series.

We shall consider a slightly more complex form of +h9 model, In which three
major parameters are Involved. Two equiations may Initially be used to describe
the model on which the program Is based. The first, which ls equivalent to the
one pn the preceeding paragraph Is that for any one of the observations Z+ prior

to treatment T, any value

t- .
2, = L +x5, ol + At (1)
' & %%y

where L is the fixed focation parameter, a{j is a random {normal) deviate

assoclated with the jth point In time and 25’]5 a parameter Indexing the propor-
t-1

r

tion of the assumulated OL s ( ﬁi:,;txg, ) which have been absorbed into the
J= t=)
time series ltself.
The second equation states that for any observation Z, at time t following
the predesignatad treatment, the observation Is
t-1 - : ~
Z=L+6+XZN,<?Q, - ool (2)
t = - +
! t=1
This equation differs from (1) above only by the addition of the parameter és

~ (delta) which indexes»an lnsfanfaneous shift in level of the time series which Is

,‘duekfbvfreafmenflT; “The progran, hqwéver,;lnyo!yes]a "reparameterization"




stating that CZQ * /ﬁ( + Cii thus allowing for a general drift or slope,
t-J 7 t-

of the time series -- |.e. other than horlzon:|,

This has the effect of modifying equation (2) to

t-1

l

Z =L okws Ot My o+ Y
rd

s

/(22
-]t

—
—n

where the serles |s expected to have driftad a total of ( 1 + /}4: (t-1))

I
units at time t. The three parameters of Interest then became L, //( E: E) .
P ’

The Proqram and its outputs:

While there are, in fact, two programs which were written by Gene Giass and
Taomas Magulre, for Box~Tiao method of times series analysls, the second program
has been found to ylield uninterpretable results with afflflclal data sets which
were intended to be relatively straight-forward 1;r1heir characteristics. We
shall lgnore the second program unti{ a later date. For now we turn to a
description of the working computer progFam. The da+é are assumed to be gathered
in a running time series, wlth a predesignated event T which Is speclfled to have
occured during the course of the series. Any Input data are required to be a
running serles of N, + N, observations. | shall describe the outputs consecu-
tively with respect to the labelled oufpuf tisting.

For artificialidata with Ny = 26 and N, = 9, Output | Is simply a Ilsting
of the input itself. A table like that of Table |A ought to be Inspected for
each data set simply to get a general impression of the nature of the time~trends.
Output |1 Is the table of product-moment correlation ccefficients of lag 1, 2, ...,
3/4 Ny for the pre-T. observafions; thelr values are plotted automatically in
Figure 1A, This correlogram (11A) should be checked to see that fherekare no

_systematic trends, or obvious cycles In the time series. In particular, |IA

should not show a conventlonal damped sine curve, which tends to show up. when an




autoregressive modél is ‘appropriate, \ Table LIl and figure ILla are directly
analogous to II and IIA and the same type of inspection is recommended,

The outputs (1V, IVA) and (V, VA) are lag correlations for pre - and
post - treatment diffevences, In the case of Table IV, the lig-one correlation.
should be fairly large in abcolute vaiue (often near .50) and the succeeding
correlations should tend to approuinate zero,

The remaining tables and figures require a hrief preamble, The Bex-Tiao

method is initially baced on a Dayesian method of analysis which assumed that

-~

parameter labeiled goamma ( iﬂ ) was initially known from previous research in
the particular area where the time series data has been gathered. The latter
part of the Box-Tiao paper, however, indicates when this value of gemma is
not known, the sample data may be used to estimate gamna by generating a
méximum likelihood solution taken over all possible values of gairma under the
assumption that the prior for 35 is rectangular, This is what 15 done in
the Gless-llaguire computer progrums, The mazimum likelihood statistics for
L, ©4 and %: correspond to the row of Table VI where the pocterior of ?{
(ig largest, The delta parameter %) y Or its estimate, is tle primary focus
of analysis since this is the meisure of instantaneous change in level of
the time secries. In addition to the 20C values of delta hat ( g’ }  which
are given over the corresponding range of goemmas, we also print the 200
values of mu hat {,’{I ) and ‘t. These, respectively, estimate the general
“rate of ascent or descent (assuming the slope is fixed) and the overeclt
location parameter,

The major focus of interpreatstion should usually be Figure IVA in

combination with Table VI, In particular, the plot of "X" in Figure VIA

g*ves fumediate graphical evidence of the maximum llkelxhood value of c)

: ;f‘“f[based on tne 11ne £or ;5, ?(111, (.48 for the artlfic~a1 data set), ‘~_ ’f’;i*y
= A Sopen s

Lo /\ i,if- o
"-n;_where the specific Values o ,,, /ft and f; are printed as. wnll as the it




/N

standard error estimates and 6'(: and the t- statistics for/f(\

\
_—

(nuig: + The t-values for ( are plotted for all values of 2{ in figure VIA
as the "O" values, The object #s to find statistically significant values
of the instantaneous effect é; « It should ke noted that é; represents
the diffevence Letyeen twe exponentially weighted mecans; obs. tmuodiately
precéding, and following, ths eavent T are welglited more heavily than their
édjacent (precedirg, or following) observations. Increasing the number of
observations either prior to, or after. the treatmect event cerves largely
to increase the degrees of freedem for the t-statistic (which is N, + N2 ; 3)
as well as to stabilize the ectimates of L, 4 and é; » Outputs VII and
VIIA are’esscntially "frills" in that they precent no fundamantally new
information beyoﬁd that given in Table VI, Nevertheless, the visual impression
of; variability of the stancistic g over the 200 values of é’ y as well as
its confidence interval, may facilitate speedy inverpretation and comporisons
of severul different data sets, )
~ A

The statistics L and /A may lLe somewhat difffcult to interpret, until
one recogrizes tuat they ere not straight-forward unueighted measures) in
particular,lz is properly: thought of as an estimate of overall level of
the series, with primary emphasis on scores early in the gerles, énd/}} is
an estimator of slope which is more haavily weighted by observaticas toward
the end of the series, Wevertheless, the statistics should be reasonably
comparadle froy me data set to arcther at least when the sums ”1 Hz do

not differ feadically. The values for B’ ML, = 48 of L = 4,82 and

N
M = 4404 do seem to correspond crudely to overall level and slove

———— .

respectively, given the above qualifications.

To summarize th° ma;or pointc, we haVe & non- stationary, moving average,




lgggl of the time series due to a predesignated treatment, The observatiSns
just prior to and just following the treatment are given primary weight in
the model, The method is based on a Bayesian model; a uniform rectangular
prior distribution is assumed in the program for the unknown parameter gamma,
A maximum likelihood estimate of that gemma is printed and plotted,

Finally, it may be useful to ncte that the above statistics, together

with the estimated residual variances (1st columns of Output VI), may be

s

used to make planned (or even post- hoc) comparisons of comparable statistics
for any comparable sets of time series points, ¥For instance, sec the chapter

on planned comparisons in Hays (1963),
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