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PERFORMANCE INDICATORS

Chapter 6

Multilevel Modelling in an Indicator System

Carol T. Fitz-Gibbon'
University of Newcastle Upon Tyne

Purposes and practical considerations enter into choices of statistical analysis
methods. This paper considers the application of muliilevel modelling 1o data
from a Performance Monitoring sysiem in the United Kingdom known as the
A-level Information System (ALIS). The practical question concerned the exdent
{0 which it was important 1o use this more sophisticaled model rather than
simply using standard OLS regressions, given the kind of data dealt with in this
particular monitoring system. We begin with a consideration of dependent
variables (outcome indicators) and present an example of their apparent relation-
ship to @ process variable. The example is a springboard for a brief discussion of
the purpose of a monilosing system. The results of applying MLZ 10 the analysis
of four dependent variables arc then presented. The paper coacludes with a
discussion of the limitations of the data and an attempt 10 asscss the role of
multilevel modelling for this particular indicator system. Finally, a suggestson
is made that a desirable piece of statistical sofiware might be onc dclivering
rapid-fire graphical bootstrapping.

One of ihe aims of the A-level monitoring system is to report to schools
how their students’ examination results compared with those of similar
students in other institutions, that is, to provide what might be called "fair
performance indicators® or “school effectiveness indices” (SEls). The
achievement measure used in this system is quite different from that used
in many other studies.

Adequate and Inadem:ate Measures of Achievement

In some ecducationa! 1 there is a grave shortage of good
dependent variables for sciiuoi achievement. Willms (1985) highlighted the
fact that in the High School and Beyond data, collected in U.S. high
schools, "academic growth in science” was based on a 20-item test on which
the average growth was less than one item over two years of instruction.
Other "curriculum specific tests” had even fewer items, and growth in terms

*Support for the A-Level Information System, reccived from the Department of Educa-
tion and Science and seven LEAs, is gratcfully acknowlcdged, as is the coatribution made by
discussions with LEA and school personncl during the years of development. Comments on
this paper by the editors were excecdingly helplul.

2 The multileve! analysis cmployed ML2 1.0 (Rasbash, Prosser, and Goldsicin, 1988).
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AT 1O CHEM

Carol T. Fitz-Gibbon

AT TOCHEM
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Figure la. Altirude 1o chemistry related o the reported frequency of ¢ssays being sct in

chemistry classes.
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Figure 1b. Examination residuals in chemistry related 1o the reported frequency of essays

being st in chemistiy clusses.

Mululevel Modelling in an Indicator Sysiem 71

other weekend. On the other hand, setting essays fits in with research on
“generative learning” (Wittrock, Marks and Doctorow, 1978), which might
be roughly summarized as showing that students learn best from work wh-
ich they have 10 organise for themselves. Whatever the explanation, these
graphs suggesied some testable hypotheses and were, incidentally, quite un-
expected. Essuys as a process variable had been in the questionnaire largely
with the teaching of arts and humanities in mind, not chemistry.

The relationships shown in Figure 1 might not show up next year; they
might have been dependent upon a small subset of atypical cases, and might
not be replicable no matter how statistically significant they were on this
particular occasion. More on this at the end of the paper.

The point of this example is to illustrate the idea that a monitoring
system might provide practitioners with feedback which is relevant to the
decisions which they make aboul how to deliver education. If a monitoring
system can not only indicate the level of results each year in each school,
but can also relate these findings to processes, the hope is that education
might gradually be improved. Such a sysiem would provide feedback about
alterable variables (Bloom, 1979).

The A-Level Information System

From its inception in 1983, the A-level monitoring system has collected
student-level data. The siudents may be viewed as nested within depart-
ments rather than schools because examination results for each academic
subject are analyzed separately. In view of pressures towards inter-school
competitiveness, it is perhaps quite important that ALIS does not produce
school indicators, but only departmental indicators.

Some Local Education Authorities ("LEA's," similar to U.S. school
districts) use the information system purely for formative, improvement-
oriented, purposcs. ‘These LEAs send the data directly to each school using
code-names to preserve confidentiality between schools. Each school sees
all the data but knows only its own code-name. In contrast, other LEAs
want to know the code-names in order to compare the performances of the
schools for which they are resposible.

The Feedback from the Monitoring

Each school receives 33 reports per year: three reports for each of
eleven subjects. The first report concerns the examination performance of
students taking the exam in each subject. The second report concerns
attitudes, and the third :cport links process variables 1o examination
residuals and attitude scores. The tables in these reports typically show
school means in runk order.

In reading the reporis from ALIS, heads of schools and departments
are urged to compare like with like by locating schools like their own on
the basis of the tables showing various intake characteristics and then (o
see how their school or department fared on output measures in comparison
with these similar schools or depariments. Atiention is not to be focused on
the rank order.
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74 Carol T. Fitz-Gibbon

Table 3
Exploring the Largest Available Subsample:
Ouicome is Maths O-Grade
Null Model Specificd Model
Effect SE Effca SE
Effects of Student-Level Variables:
Intercept 1.96 (-14) -1L44**  (3.27)
0-Grade 145°  (.10)
Ability 06 (.005)
Sex -14 (1)
Effects of School-Level Variables:
Mean O-Grade 234 (57)
Model Statistics
Inira-Schoaol Corrclation 1 13
Vasiance within schools 309 204
Variance amoag schools 45 31
Total uncxplained variance 414 235

Note: ** 1 > 3.00

The mean of X, was used, although the median or standard deviation or
some other aggregate statistic could be used. When the level-one variables
are centered about their school means, the equation becomes’;

Yo =m + 0(X-X) + B.X, +u + ¢

The context effect is therefore represented in the second equation by the
difference 8,-8, (Raudenbush, 1989a). The test for a contrast effect given
by Raudenbush (1989b) showed that the context effect was not statistically
significant, as indeed had been shown in the results for the uncentered

model. The choices of centering on group means or the grand mean did not
affect the amounts of variance accounted for.

A Model For All Seasons

Two considerations were important in selecting a single model to be
applied across the board, that is, for all four subjects and each of the four
dependent variables. First, there was the practical concern that in a working
indicator system, in which schools appreciate rapid feedback, it would
certainly be more efficient to apply the same model for each subject and
cach dependent variable than 10 experiment with different models for 44
situations (11 possible subjects x 4 dependent variables). Secondly, it was of

? I the present analysis, the student-level predicioss O-Grade and Abulity were centered
about their school means, and the predicior means were used as prediciors at level two. In
siluations where there is no contextual effect, and no hetcrogencity of sugre:sion, the use of
X variables ceeicrof o ibeie grand mean rather than group mcans “1y have
beea preferabic | i - -ush, 1989b, p. 12). However, the difference: conng on
group means or on the grand mean should be insubstantial for the data wiic. cousideration
whea the group mcans arc also included as predictors in the model,

Multilevel Modelling in an Indicator System

Tuble 4
A-Level Grades related to Five Predictors

15

Estimate SE z
Chemistry
Constant -9.453
Student-Level Coeflicients
__—aaw._.h&_ GPA 1825 126 14.48
Ability o 006 5.16
Scx -.398 143 -2.78
School-Level Cocllicients
Mcan O-Level GPA 1.456 .585 2.50
Mcan SES 199 278 n
latra-School Corrclation 15
Variance Within Schools 1.69
Varsiance Among Schools 31
e 9184
oi-Level Cocllicicals
w—.x“-—hﬁ- GPA 1.341 168 8.22
Ability 023 008 2.88
Sex 143 178 .80
School-Level Coclficients
Mcan O-Level GPA 1.800 698 w.ww
Mcan SES M 249 -.
Intra-School Corrclation A5
Variance Within Schools 205
Variance Amonag Schools 36
Freach
Coastant -12.53
udent-Level Cocfficicnts
. O-Level GPA 1. 109 191 8.95
Ability 014 009 1.56
Sex -.527 278 -1.90
School-Level Cocflicicnts
Mcan O-Level GPA 1918 426 450
Mcaa SES 312 258 1.21
latra-School Corrclation 16
Variance Within Schools 1.41
Variance Amoag Schools 27
Mathcmalics
Coaslant -10.200
udent-Level Coefficicnis
S O-Level GPA 1.439 19 1209
Ability 063 006 10.50
Sex -082 141 -.58
School-Level Cocllicicnts
Mcaa O-Level GPA 1.863 59 3.16
Mcan SES 338 Ml 99
Intra-School Corrclation A3
Vanance Within Schools 21
Vanance Among Schools 31

Notc: All student-level variables were centred.
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Carol T. Fiz-Gibbon

Table 6
Correlations berween SEls from ML2 and OLS

Subject AiGrade Altitude to Attitude to i
School Subject Aspiration

Chemistry 94 77

Oooﬁ-—z.« 97 91 Nm “

Matbhematics 84 n ..B n

In Table 6 the correlations between the OLS an i
reported for each dependent variable and subject. a:w”h%n_“nﬂaﬂﬂ_m.wmm
because of a lack of school variance on the non-cognitive outcomes.) The
correlations had a median value of .90 and all but one were above qm..n
$.=§ n_moqnanmm there were in the residuals resulted not only from .._..
different analysis procedures but also from the different models used in ::.M
nwun::w__w.vnnnsm..._o comparison. All variables (including SES) were used
at the pupil level in the OLS model. The ML2 mode) used two school-level
n_—w...wv_mm and these were not used in the SPSSX analysis. Also, greater Orm-
ML a_afh..n_..eom were associated with smaller samples (see the €quation

ve). hen group sizes exceeded 30, little shrinkage occurred so that the
O-..mmu__“% ._.no“o:nnm were generally less than 3.
samples are inevitable in this particular data b it
only colleges of further education and _”o:mwa‘ oo__umnunﬂm___.“% __”hwn m__ww_n_w

numbers enrolled for each A-level subject, and, with declining numbers of

18-year-olds, the situation ma i

y 4 N may get worse. The shrinkage fact, i

...8_..:8.%38; as the ratio of true variance 1o total c%mu_.nnch:m_n._.___:_w _.MM

_v_“" m“.wﬂ_w.mﬁ.c%_. —.h-.o school effectiveness index (prior 10 shrinkage) (Rauden-

_.o:nw._aon - Using typical values from the tables we arrive at the following
mu:__u_uo Size Reliability

49
10 65
30 85
50 .90

These values suggest that cauti i
L aution which must be urged in interpreti
s st etin
wno_“wnuum_“.ﬂ”..“con“nww L:.ﬁ_“._unm vnvwa:a_ on small samples. The index Ehnr-_v_x ::m
r that data, but it must be interpreted tentativ
| cly. O
m:‘.uﬂ_@ :.o.:nm year after year could provide a basis for strong E_ﬂnqw:nnu Y
s m”a_wmm_nw_wow h.“M oxpm.n _”_Nn_m of the residuals have very little meaning in
. m. ools and colleges are mainly looki i
residuals compared with instituti filar datshe, Ther sre oo
: ; : ions of similar intake. They are al
Mc_“_mﬂﬂﬂ_m :m-n: residuals EE year 1o year. However, given the W_En_.a_:_.”m
Eocn__mmn ue to sample Size it would seem 1o be desirable, if multilevel
M g ian used, to provide comparisons only between institutions of
il _ﬂmm... t present the sample size for each institution is not reported
o n...”wo this ..;.EEEE.: would allow institutions to be identified, and strong
precautions are taken in the information system to guard anonymity.

Muliilgvel Modelling in an Indicalor System 79

In summary, use of multilevel modelling, then, gave fairly similar rank
orders but with some large differences in magnitudes of school leve!
residuals (which are school effectiveness indices) for small samples.

Should shrinkage be used in a working indicator system to obtain the
shrinkage adjustment? The following experience bears on this question. In
some feedback to schools, samples containing fewer than five cases were
removed because it seemed unfair 10 report the data of such a small
sample. School personnel objected, though, to this failure to provide the
indicator for group sizes of less than five. Schools wanted 1o see the result
in the context of the overall data and felt well able to take account, for
themselves, of the fact that there might have been only a few cases.
Moreover, some teachers in each school followed the OLS analysis with
case. Using Bayesian methods may make them feel the data were further
from their understanding and possibly less acceplable. Moreover, shrinkage
might actually obscure true changes in school effectiveness. Suppose that a
poor result occurred one year but that substantial improvement occurred the
next year. The multi-level indicator might imply a poorer result if less
shrinkage were applied 1o the second measure due to a change in sample
size and a value closer to the norm. This could be annoying. Furthermore:

Although the shrinkage estimates are generally more accurate
than estimates without shrinkage (their average distance from
the true score is smaller than is that of the non-shrinkage
estimates), they are also biased. Suppose a school serving
students with low prior achievement were especially effective.
In this case, it would have its score “"pulled” toward the
expected value of schools with children having low prior
achievement. That is, it would have its effectiveness score
*pulled” downward, in the “socially’ expected direction, demon-
strating a kind of statistical self-fulfilling prophecy! (On the
other hand a similar school doing very badly would be pulled
up.) (Raudenbush, 1989a)

When using ML modelling a small sample size provides protecuion
against being assigned a strongly positive or negative indicator and yet it
is in small samples that schools are most aware of how good or poor the
results are. They are able to make their own allowances for small samples
but would, I believe, prefer 1o see unshrunk data.

Shrinkage might be desirable for a specific research agenda or in a
longitudinal analysis, and should make indicators appear more stable over
time, However, face validity may be more important in feeding results back
to schools each year.

As already mentioned, one solution to these problems might be to
enable schools to restrict the comparisons they make even further: not only
to schools with similar intakes but also to schools with similar sizes, so that
the shrinkage factors would be similar. However, a problem here is that
only categories of size could be provided. It is a feature of the ALIS reports,
which cannot be changed, that group sizes are not reported. To report
group sizes would provide a way in which individual schools could be

identified.
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2 Curol T. Fitz-Gibhon

and remember his saying that there was no way you could spend oo much
time plotting data and looking at it. The eye is the best 100l we have for
recognizing patterns. Certainly many mathematicians  are spending
considerable amounts of time and computing power looking at patterns
these days, and they are trying to understand fairly lawful data, Is it only
social scientists who force every phenomenon into an off-the-shelf model
such as the General Linear Model? ‘

Given the assumptions which have to be made in order o apply
regression analyses of any kind, (interval scales, linearity for example)
should we perhaps try to stay closer to the actual data and look at it more
carefully? How might that be done in a way which gives us a sense of how
much confidence to place in whatever patterns we see . . . patterns like that

builds into the graphs an indication of the stability or instability of the
relationships represented . Bootstrapping (Efron, 1979, 1981 as cited in
Jackson, 1986) is a technigue for obtaining error estimates on sample data

graph in Figure 1, and the computer program could then apply bom-
strapping procedures 10 re-calculating the data points. For each re-
calculation the screen displaying the graph could be refreshed, possibly in
a different color. It would be expected that rapid-fire bootstrapping would
show graphs of unstable daiy fluctuating wildly but graphs of robust
relationships would merely shimmer.

Jack-knifing, leaving out one data-point at a time, could be used
similarly. The user should be able to stop the program and examine any
individual data point which has caused a major disturbance in the observed
pattern. Such an empirical, descriptive rather than inferential approach
might be particularly useful for feeding back yearly data 10 schools,

References

Bloom, B. §. (19M). Altcrable vanables: The new direction in educational research, Edinburgh:
Scottish Council for Rescarch in Education.

Carver, R. P. (1975). The Coleman report: Using inappropriatcly designed achicvement tests.
American Educational Research Joumal, 12(1), T7-80.

Dyer, H. W. (1968). School factors and cqual educational opportunity. Harvard Educational
Review, Winter, 2456,

Efron, B. (19'9). Bootstrap mcthods: Another look at the Jackknifc. Annats of Statistics, 7
1-26.

Efron, B. (1981), Nonparametric estimates of standard crror: The jackknife, the hootsirap and
other methods. Buwneinka, 6K SHY-5.

Fus-Gibbon, ¢ T (198Y). Confidennal, measurernent-based, self-evaluation (COMBSE
Project), Repons 1 and 2 Shoad of Education Umiversity of Newcastle Upon Tyne.

s Gibwan, (S Using sudio lapes 0 Questionnaire administration. Research
Inteliygzwnce, 1v 4y

Gooldsten, H. (V1) Mudnlevel meodels 1 educational and sociof research, Loadon: Griffin,

Jackson. P. R, (1986). Robust methods in statistics. In Lovie (Ed.), New developments in
statistics for Psychelogy and the social sciences. London and New York: The British
Psychological Socicly and Mcihuen,

Jencks, C., Smih, M., Acland, H., Bune, M. J, Cohen, D, Gintis, H, Heyns, B, &
Michclson, $. (1972). Incquabity: A reassessment of the effects of Junuly and schooling in
Amenca. London: Allen Lane.

»

: 83
Multilevel Modelling in an Indicator Sysiemn
lly, A. & Smail, B. (1984). Scx differences in science and technology sm.ﬂm:amm.ﬂ.”w”..sinmf
—noo"_.._ !m—.oc_nrm_m.qnu.. Research in Science and .Han.._aic_w..a“a mnﬂn.nhmaw.. A_A. nw..::m. ___m e
1 10n indicators and cconc ¢
R. J. (1987). Improving education in . .
Z:-:H._M.Bm.. mhtﬁﬁ....!& Evaluation and Policy Analysis, 9(2), 101-116. oot Lo
xuu?nv: h, J T:.Kn.. R, & Goldstein, H. (1988). ML2 sofiware for two-level analy
sh, J. R, N
itute 3 ty. ‘ .
_...:._-u:v_..._n imjﬁﬂﬂ.ﬂ”ﬂ:ﬂ:”—ﬂmﬂiv 1 multilevel analysis: Chosces and conse
ws“....m..ﬁ Multslevel Modelling Newsletter, 1(2), 10-12
h, § 98%b Acation.
_mﬂw.“.n-_.ﬁ.._wcw—..hw .._A.A—u..:_..:“n.:.”- n”ﬁ“ﬁwtaﬂﬂn: school effect. A study of multi-raciul comprehensive
mil 3 y 2 (1 "
y 2 icy Studies Institute. ) ) . ) 3
.un&ﬁ%.—wbﬁﬂﬂmww -vM_n..n_ﬂ.o_..n..mn_rg_ clfects on academic ...n?ncn:.ﬁi. Z.M&i .N_H.H_”“F from
E._-_—-..“mw-..m‘_. .Mn_,cc_ m_.:_ Beyond follow-up m.:m_v.v%m.vn.mmoa. c%”m:_““““__“wnu ..: -nws_rm com.
. M. (1978). Gener
i k, M. C,, Marks, C., & Dodorow, .
i.ﬂ”—n—n:&os. Joumal of Educational Psychology, 70(2), 109-118.



