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ON THE RELATIONSHIPS BETWEEN SUM SCORE BASED ESTIMATION AND JOINT
MAXIMUM LIKELIHOOD ESTIMATION
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This paper analyzes the sum score based (SSB) formulation of the Rasch model, where items and
sum scores of persons are considered as factors in a logit model. After reviewing the evolution leading to
the equality between their maximum likelihood estimates, the SSB model is then discussed from the point
of view of pseudo-likelihood and of misspecified models. This is then employed to provide new insights
into the origin of the known inconsistency of the difficulty parameter estimates in the Rasch model. The
main results consist of exact relationships between the estimated standard errors for both models; and, for
the ability parameters, an upper bound for the estimated standard errors of the Rasch model in terms of
those for the SSB model, which are more easily available.
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1. Introduction

The Rasch model has motivated a large field of psychometric research dealing not only
with its multiple extensions (see, e.g. Fischer & Molenaar, 1995; Van der Linden & Hambleton,
1997; Boomsma, van Duijn, & Snijders, 2001), but also with its theoretical properties. This paper
intends to be a contribution to the theoretical understanding of some estimation aspects of the
Rasch model, whose standard specification is as follows:

Yij ~Bern(p;j), i=1,....,n, j=1,...,k, J.|}Yij, logit(p;;) =6; — Bj, (1)

s

where 1L ; ; Y;; denotes the mutual independence of the Y;;, and both the 6; and the 8; are
unknown parameters. The n 4 k parameters of model (1) are identified after imposing a linear
restriction on the B;, like ZI;=1 Bj = 0. In educational tests, ¥;; = 1 if person i answers item j
correctly, 6; € R represents the ability of person i, and B; € R represents the difficulty of item j.

To make a distinction with the conditional (CMLE) and the margmal (MMLE) maximum
likelihood estimates, the MLE for model (1), say 9,, i=1,...,n, and ,8 i, j=1,...,k, are
called joint or unconditional MLE and will be denoted by JMLE. Andersen (1980) proved the
inconsistency of the B\, as n — oo for k =2, while Ghosh (1995) extended this result for gen-
eral k, using a proof by contradiction. As a practical solution to this problem, Andersen (1980,
p- 245) proposed the multiplicative bias correcting factor (k — 1)/ k. There is empirical evidence
that the bias-corrected JMLE is close to the CMLE or the MMLE for large k. Holland (1990)
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proposes a theoretical formulation that gives some intuition on the closeness of both JIMLE and
CMLE to MMLE. Thus, for large-scale tests with many items, the biased corrected JMLE may
be considered to be a reasonable alternative.

Using the + sign to indicate summation over all possible values of an argument, the sum
score of examinee i is Y;4. Letting I; = {i | Y;+ =t} be the set of all examinees with sum score
t, it is easily shown that the JMLE 9; are constant within /;, a fact already pointed out by Rasch
himself (1960, chapter VI). Based on this fact, Perline, Wright, and Wainer (1979, p. 239) stated
that “a practical implementation of the model is that statistical estimates of abilities and item
difficulties proceed as if everyone with the same sum score has exactly the same ability”. This
can be achieved by posing an artificial statistical model, in which the sum score and the item
appear as categorical factors, for the sole purpose of obtaining point estimates. We refer to such
a model as sum score based (SSB) and denote the parameter estimates by SSBE.

Though the original spirit of the SSBE was to obtain an approximation of the JMLE, it turns
out that they are identical. Mellenbergh and Vijn (1981) used a log-linear formulation, in which
items and person sum scores are used as factors. These authors reported that the estimates of the
item parameters and of the score group parameters, computed using iterative proportional fitting,
were very similar to the JIMLE. An alternative SSB formulation, which will be used throughout
this paper, is the additive logit model

Yij~Bem(p;;), i=1,....n, j=1,...,k, J—';Yij, logit(pij) = yii) — Bj»  (2)
where y;(;) represents a proxy of the ability for any examinee i whose sum score is equal to ¢.
The equivalent grouped form of this model (obtained by a sufficiency reduction) is

Nyj ~ Bin(ny, pt), logit(p) =vi—Bj, t=1,....k=1,j=1,...k, IJ%N,J-, 3)

where N;; is the random variable indicating the number of persons with a sum score ¢ who give a
correct response to item j, n; is the number of persons with sum score t and p;. is the probability
of a person with sum score ¢ to give a correct response to item j.

Verhelst and Molenaar (1988) analyzed model (2) and developed an iteratively reweighted
least square estimation method starting from the proportions in (3) and showed that this method
leads to a point estimate that is equivalent to the JMLE (see also Molenaar, 1995, Section 3).
Blackwood and Bradley (1989) provided a formal proof that the likelihood equations for mod-
els (1) and (2) have the same solution, which we write as JMLE = SSBE. More recently, Haber-
man (2004) reported the same result in terms of (3) and provided compelling evidence of the
computational savings achieved by fitting this model using standard software, particularly for
large data sets. He also suggested that the JMLE can be used as a starting point for a Newton
Raphson algorithm that computes the CMLE. It may also be mentioned that although MMLE is
currently the most used, it is a matter of some controversy what the effect is of a misspecification
of the ability distribution.

In this paper, Section 2 analyzes the equality JMLE = SSBE, interpreting SSBE as a pseudo-
likelihood estimate (PLE). In this context, this equality constitutes a remarkable behaviour for
a PLE. This is then used to provide insight into the source of the inconsistency of the difficulty
parameters in the Rasch model. Section 3 shows that the equality of the point estimates can be
extended to the asymptotic standard errors of the difficulty parameters obtained with the JMLE
and with the SSBE. As far as the ability parameters are concerned, this section provides an exact
formula and useful bounds that link the asymptotic standard errors of the JMLE to those of the
SSBE (for the parameters related with the sum score factor in the SSB model). The theoretical
results in Section 3 are new, and they may be of interest not only in practice, if one would use
the SSB model, but also as additional properties satisfied by estimation methods for the Rasch
model.
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2. The SSB Formulation of the Rasch Model as a Pseudo-Likelihood

Since the statistical assumptions of the SSB model (2) are in contradiction with those of the
original Rasch model, the SSBE can be considered as an instance of a pseudo-likelihood estimate
(PLE) in the sense of Besag (1975), as the MLE for a misspecified model. The motivation for
the PLE is that it is computationally easier to obtain than the MLE for the original model. In the
case of the SSBE, the misspecification arises from ignoring the randomness involved in defining
the groups I; by the sum scores, and the resulting correlation between the Y;; and the Y;; see
Verhelst and Molenaar (1988, Section 6). In general, the PLE does not coincide with the MLE,
except asymptotically, so that the equality SSBE = JMLE constitutes a remarkable exception.
This equality also provides a new insight into the source of the bias and inconsistency of the
JMLE for B} Unlike the Rasch model, the SSB model has no incidental parameters, i.e. the
number of parameters does not change with the number of subjects. The bias and inconsistency
of the JIMLE can now be explained by the fact that the SSB model is misspecified.

Another view on the inconsistency and bias of the ,é\, is obtained by assuming that the ex-
aminees fall into k£ + 1 latent classes, that is, as many classes as there are sum scores (each with a
constant ability w;, t =0, 1, ..., k). For known class probabilities, these parameters can be con-
sistently estimated from the frequencies of the sum scores. Assuming these class probabilities,
7, converges in probability to some value y,. Then the consistency of the JMLE B} can only be
achieved if yy = w, for t =0, 1, ..., k. But this is not the case, since the SSB model implicitly
assumes that any examinee with sum score ¢ falls in the class with ability parameter w;, thus
ignoring the possibility of misclassification. The more extreme cases are t =0 and ¢t = k, where
yo = —oo and y; = oo.

3. Information Matrices and Standard Errors

3.1. Main Results and Illustrations

The (asymptotic) standard errors of SSBE and JMLE are the square root diagonal elements
of the inverses of the corresponding information matrices. Since (1) and (3) are generalized linear
models with a canonical link, their information matrices coincide with the negative Hessian of
the corresponding log-likelihoods (McCullagh & Nelder, 1989). When evaluated at the MLE we
denote these matrices by Z,; and Zg;, respectively. Under the general identification restriction
Zl;zl c;jBj =0, the following key equalities are straightforward:

(Zsspelrr = ne[Limielii, i€l 1<t <k; [Zsspelir =0, 1<t#t <k,
(Zsseeljj = [Zmmieljj,  1=j <k [Zssgeljj = [Timeeljjr. 1<j#j <k, @
(Zssgelrj = me[Ioveelij, i€l 1=5t,j <k.

Relationships between the inverse information matrices lead to the following results on the esti-
mated standard errors s.e.(8;) and s.e.(9;) with i € I;, and s.e.(y;) witht € T:

s.e.(,gj) are identical for the SSBE and the JMLE, (3)
~\\2 ~\\ 2 ny—1 w2 ng—1
(s.e.(61))" = (s-0.(7))" + 7 — - = (se.(7)) P (6)
1 s.e.(0))

— = — <./n; foralliel,, teT, (7)
SVt s.e. () T s.e.(Vr) Ve !

with v,j = u” (1);;), where 7;; =0 —B\j =y —Ej wheni € I; andr € 7, and u(n) =log(1+e").
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TABLE 1.
Data matrix used for the SSBE with n = 10 and k = 5.

t j ng nj t j ng ngj t j ng ngj t j ng ngj
1 1 1 0 2 1 5 4 3 1 2 1 4 1 2 2
1 2 1 1 2 2 5 1 3 2 2 2 4 2 2 2
1 3 1 0 2 3 5 4 3 3 2 2 4 3 2 2
1 4 1 0 2 4 5 0 3 4 2 1 4 4 2 2
1 5 1 0 2 5 5 1 3 5 2 0 4 5 2 0

Note that s.e.(6;) > s.e.(y;), with equality only attained when there is just one examinee
with a sum score equal to #. The upper bound in (7) is a useful approximation to s.e.(6)),
since it tends to be quite sharp for large-scale tests with many items. Moreover, (7) implies
that 1/, /vr+ < s.e.(@); here 1/,/vi+ coincides with the estimated standard error when the item
parameter estimates are taken as if they were the true values. The proof of these results actually
comes from analytic equalities and inequalities involving the inverse information matrices for
the Rasch and SSB models.

Before sketching a proof of (5), (6) and (7) we illustrate their use, as well as the struc-
ture of the inverse information matrices, with a small example. Assume there are n = 10 ex-
aminees and k = 5 items, with response patterns: Y7 = (0, 1,0,0,0), ¥> = (1,0,1,0,0), Y3 =
0,1,1,0,0), Y4 =(1,0,0,0,1), Y5 = (1,0,1,0,0), Yo = (1,0,1,0,0), Y7 = (0,1, 1, 1,0),
Ys=(1,1,1,0,0), Yo = (1,1,1,1,0) and Yi0 = (1,1, 1, 1,0). To obtain the SSBE, the data
are stored in the 20 x 4 array obtained by stackinf the four blocks in Table 1 under each other.

With the identification restriction 5 = — Z./:1 Bj, S-PLUS produces the following matrix

[ISSBE]_I Eéa](ﬁ""’ﬂ?ﬁ]""’ﬂ“):

1.636  0.089 -0.002 -0.160 | 0.140 0.083  0.206 —0.095
0.089  0.317 0.016 —-0.114| 0.112 0.109  0.086 —0.028
—-0.002  0.016 0.750 —0.005| 0.004 0.046 —0.052  0.108
—0.160 —0.114 —0.005 1.186 | -0.174 —0.134 —0.225 0.106
0.140  0.112  0.004 -0.174 | 0.557 -0.029 -0.048 -0.129
0.083  0.109 0.046 —-0.134 |-0.029 0.511 —-0.054 —0.108
0.206  0.086 —0.052 —-0.225|-0.048 —-0.054 0.668 —0.168
—-0.095 -0.028 0.108 0.106 |—0.129 —0.108 —0.168  0.590
®)

[Zsspel ! =

Using (4) we obtain Zyy g, with the following inverse:

1.636  0.089  0.089  0.089  0.089  0.089 —0.002
0.089  1.293 0.073 0.073 0.073 0.073 0.016
0.089  0.073 1.293  0.073 0073 0.073  0.016
0.089  0.073  0.073 1.293  0.073  0.073  0.016
0.089  0.073 0.073 0.073 1.293  0.073  0.016
0.089  0.073 0.073 0.073  0.073 1.293  0.016
-0.002 0.0l16 0016 0016 0.0l6 0.016 1470
-0.002 0.016 0.016 0.016 0.016 0.016 0.031
—-0.160 -0.114 -0.114 -0.114 -0.114 -—-0.114 —0.005
-0.160 -0.114 -0.114 -0.114 -0.114 -—-0.114 —0.005

0.140 0.112  0.112  0.112  0.112  0.112  0.004
0.083 0.109  0.109 0.109  0.109 0.109  0.046
0.206 0.086 0.086 0.086 0.086  0.086 —0.052
—-0.095 -0.028 —-0.028 —0.028 —0.028 —-0.028  0.108
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—0.002 —-0.160 —0.160 | 0.140  0.083 0.206 —0.095
0.016 -0.114 -0.114| 0.112 0.109 0.086 —0.028
0.016 -0.114 -0.114| 0.112 0.109 0.086 —0.028
0.016 -0.114 -0.114| 0.112 0.109  0.086 —0.028
0.016 -0.114 -0.114| 0.112 0.109  0.086 —0.028
0.016 -0.114 -0.114| 0.112 0.109 0.086 —0.028
0.031 —0.005 —0.005 0.004  0.046 —-0.052  0.108
1.470 —0.005 —0.005 0.004  0.046 —-0.052  0.108

—0.005 2175 0197 | —=0.174 -0.134 -0.225  0.106

-0.005 0.197 2175 | —0.174 —-0.134 —-0.225  0.106
0.004 -0.174 —-0.174 | 0.557 —-0.029 —-0.048 —0.129
0.046 —-0.134 —-0.134 | —0.029  0.511 —0.054 —0.108

—-0.052 -0.225 -0.225| —0.048 —-0.054  0.668 —0.168
0.108  0.106  0.106 | —0.129 —0.108 —0.168  0.590

which matches the results produced when directly computing the JMLE. The equality of the
bottom right blocks of these matrices illustrates (5). Z,,.. exhibits many equal values, which
corresponds to the property of invariance under permutations within a group of persons with a
common sum score. This induces a block decomposition of this matrix and it can be observed
that the entries in most blocks are identical to some entry in the smaller matrix (8). The exception
concerns the n, x n; diagonal blocks, shown in italics. That the diagonal elements are constant
within each block just reflects the fact that the standard errors of O;s depend only on the sum
score. It is also seen that s.e.(8;) > s.e.(y;) with equality for n; = 1. Applying (6), the standard
errors of the JMLE can be recovered from those of the SSBE, as illustrated in Table 2, where
the sixth column is the sum of the fourth and fifth columns. Finally, a comparison of the last two
columns shows how good the upper bound (7) is.

The upper bound derived in (7) is much better for larger data sets. To illustrate this, a data
set of n = 100 examinees and k = 30 items was simulated. The abilities were generated from
a standard normal distribution, and the difficulties were chosen to be equally spaced between
—2.5 and 2.5. Both the SSBE and the JMLE were separately and directly computed using the
glm function of S-PLUS. Table 3 shows that the bound is actually quite tight.

3.2. Sketch of the Proof of (5), (6) and (7)

Letn=7) ,.yn;,n=(n, : t€T), and m =k — 1. Denote the matrices Z, Zgss: and
their corresponding inverses as

D A . X B
IJMLE = |:A/ H] s IJMLE = |:B/ W] ,
D A 1 E F
Z.SSBE = |:? H] s ISSBE = I:F/ Si| s
_ TABLE 2.
Computation of (s.e.(@i))2 from (s.e.(i/}))2 and illustration of the upper bound (7).
t m (Zsseely  (se@)* (i —1)/[Zsspely  (s.e.@))*  Quotient  /my
1 1 0.665 1.636 0.000 1.636 1.0000 1.0000
2 5 4.097 0.317 0.976 1.293 2.0196 2.2361
3 2 1.389 0.750 0.720 1.470 1.4000 1.4142
4 2 1.011 1.186 0.989 2.175 1.3542 1.4142
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TABLE 3.
Numerical illustration of relationship (7).

t n Est. value s.e.(Vt) s.e.;) Quotient N/

2 1 —3.856 0.799 0.799 1.000 1.000

3 1 -3.319 0.688 0.688 1.000 1.000

6 4 —2.211 0.283 0.558 1.972 2.000

7 3 —1.914 0.313 0.537 1.719 1.732

8 3 —1.636 0.303 0.521 1.722 1.732

9 3 —1.373 0.295 0.508 1.723 1.732
10 6 —1.122 0.205 0.497 2.422 2.449
11 5 —0.880 0.220 0.489 2.218 2.236
12 7 —0.646 0.184 0.482 2.615 2.646
13 3 —0.417 0.276 0.477 1.726 1.732
14 4 —-0.192 0.238 0.473 1.988 2.000
15 9 0.030 0.160 0.471 2.953 3.000
16 8 0.251 0.169 0.471 2.788 2.828
17 5 0.472 0.213 0.472 2.216 2.236
18 7 0.695 0.182 0.475 2.609 2.646
19 7 0.922 0.184 0.480 2.606 2.646
20 3 1.154 0.283 0.487 1.722 1.732
21 5 1.394 0.225 0.496 2.209 2.236
22 3 1.645 0.296 0.509 1.720 1.732
23 4 1.909 0.266 0.525 1.977 2.000
24 3 2.193 0.318 0.546 1.717 1.732
25 1 2.504 0.575 0.575 1.000 1.000
26 1 2.854 0.617 0.617 1.000 1.000
27 4 3.267 0.347 0.681 1.965 2.000

where Disn xn, Aisn xm, Hand Sarem xm, Dis T x T,and A is T x m. Denote by C(n)
the class of all matrices with the structure shown in the numerical example. The proof consists
in the following steps:

IimLe € C(n): This follows from (4).

e C e (C(n) implies that C~! € C(n): Performing the same permutation for those rows and

columns of C corresponding to persons with raw score ¢ leads to a matrix of the form
P;C P,’. The condition C € C(n) is equivalent to P;C P; = C for all such P;. Taking the
inverse in both sides and using the fact that P,_1 = P;, it follows that P,C~! Pt, =Cc .
W = §: This proves (5) and it follows from W = (H — A'D'A)"! and S = (H —
A D).

Let B be the T x m matrix with B i1 coinciding with an entry of the /th column of the ¢
block of B. Then F = B: This follows from CC~! = I(n+k—1)x (n+k—1) and co) =
LT k=)< (T+k—1)- o
Equality (6): This follows from combining the equations DX + AB’ = I,«,, and (DE) +
A F'DE + A B’ = I7r. This proves the relation between s.e.(;) and s.e.(7;) with
iel;.

Inequality (7): This follows from (6) and the fact that for any positive definite matrix M,
1/M;; < M, where M denotes the ii-entry of its inverse. This proves the bounds for
the ratio s.e.(6;)/s.e.(7;) with i € I,.
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4. Concluding Remarks

This paper provides additional relationships between the JMLE in the Rasch model and sum
square based estimates (SSBE). The SSBE are seen to be an example of pseudo-likelihood es-
timates, which satisfy the very special property that they coincide with the corresponding MLE
in the original Rasch model. Since the SSB model is misspecified, this known equality allows us
to attribute the well-known bias and inconsistency of the JMLE to this misspecification, rather
than to the presence of incidental parameters. Concerning the estimated standard errors of the
JMLE and the SSBE, they are shown to be equal for the difficulties, but not for the abilities.
In this second case, an exact formula is provided, and it is supplemented by upper and lower
bounds on their ratio. The sharpness of the upper bound is illustrated. The importance of these
new relationships is primarily theoretical, but they may have some practical value as well. As
suggested by Haberman (2004), the SSBE could at least be used as initial points for other es-
timation procedures, and it is useful to have an idea of precision to compare the new estimates
with the SSBE.

References

Andersen, E.B. (1980). Discrete statistical models with social science applications. Amsterdam: North-Holland.

Besag, J. (1975). Statistical analysis of non-lattice data. The Statistician, 24, 179-195.

Blackwood, L.G., & Bradley, E.L. (1989). The equivalence of two methods of parameter estimation for the Rasch model.
Psychometrika, 54, 7151-754.

Boomsma, A., van Duijn, M.A.J., & Snijders, T.A.B. (2001). Essays on item response theory. Lectures Notes in Statistics,
Vol. 157. New York: Springer.

Fischer, G.H., & Molenaar, I.W. (1995). Rasch models. Foundations, recent developments and applications. New York:
Springer.

Ghosh, M. (1995). Inconsistent maximum likelihood estimators for the Rasch model. Statistical and Probability Letters,
23,165-170.

Haberman, S.J. (2004). Joint and conditional maximum likelihood estimation for the Rasch model with binary responses.
ETS Research Report RR-04-20, May 2004.

Holland, P. (1990). On the sampling theory foundations of item response theory models. Psychometrika, 55, 577-601.

McCullagh, P., & Nelder, J.A. (1989). Generalized linear models (2nd ed.). New York: Chapman & Hall/CRC.

Mellenbergh, G.J., & Vijn, P. (1981). The Rasch model as a loglinear model. Applied Psychological Measurement, 5,
369-376.

Molenaar, I.W. (1995). Estimation of item parameters. In: G.H. Fischer & I.W. Molenaar (Eds.), Rasch models. Founda-
tions, recent developments and applications (Chap. 3). New York: Springer.

Perline, R., Wright, B.D., & Wainer, H. (1979). The Rasch model as additive conjoint measurement. Applied Psycholog-
ical Measurement, 3, 237-255.

Rasch, G. (1960). Probabilistic models for some intelligence and attainment tests. Copenhagen: The Danish Institute for
Educational Research. (Expanded edition, 1980, Chicago: The University of Chicago Press.)

Van der Linden, W., & Hambleton, R.K. (1997). Handbook of modern item response theory. New York: Springer.

Verhelst, N., & Molenaar, 1. (1988). Logit-based parameter estimation in the Rasch model. Statistica Neerlandica, 42,
273-295.

Manuscript received 14 MAR 2006
Final version received 12 FEB 2007
Published Online Date: 18 JUL 2007



	On the Relationships between Sum Score Based Estimation and Joint Maximum Likelihood Estimation
	Abstract
	Introduction
	The SSB Formulation of the Rasch Model as a Pseudo-Likelihood
	Information Matrices and Standard Errors
	Main Results and Illustrations
	Sketch of the Proof of (5), (6) and (7)

	Concluding Remarks
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


