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Abstract

The present study investigates the statistical consequences of attribute misspecifica-
tion in the rule space method for cognitively diagnostic measurement. The two types
of attribute misspecifications examined in the present study are exclusion of an
essential attribute (which affects problem-solving performance) and inclusion of
a superfluous attribute (which does not). Results of a simulation study show that
exclusion of an essential attribute tends to lead to underestimation of examinees’
mastery probabilities for the remaining attributes, whereas inclusion of a superfluous
attribute generally leads to overestimation of attribute mastery probabilities for the
other attributes. In addition, order relations among attributes induced by superset/
subset relationships affect the biases in the estimated attribute mastery probabilities
in systematic ways. These results underscore the importance of correct attribute
specification in cognitively diagnostic assessment and delineate some specific effects
of using incorrect attribute sets.

Keywords

rule space method, cognitive diagnostic measurement method, attribute misspecifica-
tion, Q-matrix

In recent years, there has been growing interest in using cognitively diagnostic mea-
surement methods to better understand the cognitive processes required for test per-
formance and enable assessing an examinee’s performance as a profile of specific
knowledge and skills. This shift in emphasis from outcomes to processes has posed
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a major challenge for psychometric theory and has begun to influence test construc-
tion and analysis procedures (Baker, 1993). Researchers have developed methodology
that reflects this paradigm shift (e.g., de la Torre & Douglas, 2004; DiBello, Stout, &
Roussos, 1995; Hartz, 2002; Leighton, Gierl, & Hunka, 2004; C. Tatsuoka, 2002; K.
Tatsuoka, 1985, 2009; von Davier, 2005). The rule space method (RSM; K. Tatsuoka,
1985, 2009) is one of the original cognitive diagnostic approaches; its applicability
and practicality have been demonstrated in various content areas such as architecture
(Katz, Martinez, Sheehan, & Tatsuoka, 1998), English (Buck & Tatsuoka, 1998;
Buck, Tatsuoka, & Kostin, 1997), mathematics (Birenbaum, Kelly, & Tatsuoka,
1993; Birenbaum, Tatsuoka, & Yamada, 2004; Dogan & Tatsuoka, 2007;
K. Tatsuoka, Corter, & Tatsuoka, 2004; K. Tatsuoka et al., 2006), science (Yepes-
Baraya & Allen, 2003), and statistics (Im & Yin, 2009).

The rule space method aims at explaining an individual examinee’s problem-solving
behavior in terms of specific knowledge, processes, and skills that together determine
the individual’s performance. The specific knowledge, skills, and processes needed
for the solution of a set of test items are often termed attributes, and the assumptions
made in this regard are represented in a Q-matrix as binary vectors representing all
(1) or none (0) involvement in given test items (K. Tatsuoka, 1990). This process
embodies the cognitive specification for test construction with the aim to provide max-
imum information about the specific attribute profiles of interests (de la Torre, 2008).

Ideally, cognitive diagnosis should proceed using the frue Q-matrix representing
complete and accurate specification of attribute—item involvement. But what if the
attributes are incorrectly specified? This could happen for a number of reasons. For
example, a diagnostic test in mathematics might be constructed to measure students’
knowledge of exponents, and the Q-matrix might be constructed with this goal in
mind. But some of the items might also tap skills in factoring or algebra, and these
skills might be inadvertently omitted from the Q-matrix. Or, a skill might be presumed
to be important in solving items by one particular method, but examinees may find an
alternative method that dispenses with the need for that skill. For these and other rea-
sons, the Q-matrix may not be the true Q-matrix, even when proposed by content
experts. Therefore, the systematic investigation of possible consequences of attribute
misspecification of a Q-matrix is important to establish if this concern is a serious
threat to the accuracy and validity of cognitively diagnostic measurement methods.

Two previous studies have investigated the effects of Q-matrix misspecification
using such methods. Baker (1993) investigated the sensitivity of the linear logistic
test model (LLTM; Fischer, 1973) to Q-matrix misspecification. The two Q-matrices
used for his study were composed of eight attributes and 21 items. The number of
items was fixed across the misspecification conditions of six levels of error (defined
by the percentage of misspecified elements) and four sample size conditions. He found
that 5% to 10% misspecification in a Q-matrix seriously degrades attribute and item
parameter estimations in the linear logistic test model. The effect of sample size was
less substantial than the level of misspecification error. Rupp and Templin (2007)
investigated the effects of Q-matrix misspecification on parameter estimates and clas-
sification consistency in the Deterministic-Inputs, Noisy ““And” gate or DINA model
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(Junker & Sijtsma, 2001), with controlled misspecification conditions in which certain
attributes and items were deleted from the Q-matrix. The Q-matrix used was com-
posed of four attributes and 15 items. They reported consequences at both item and
examinee levels: The results showed overestimation of item slip parameters when
attributes were deleted from the Q-matrix, overestimation of guessing item parameters
when attributes were added to the Q-matrix, and high misclassification rates of exam-
inees into attribute pattern vectors. Together these studies showed that a small degree
of misspecification could substantively influence results in the LLTM and DINA
models.

The present study investigates the influence of attribute misspecification in the
RSM (K. Tatsuoka, 1985, 2009). Specifically, the consequences reported in this study
focus on the results regarding estimation of examinees’ characteristics, not on item
characteristics, because results of the RSM do not include estimation of item charac-
teristics. Examining examinees’ attribute mastery parameter estimates and classifica-
tion is important because the primary purpose of cognitive diagnosis is to diagnose
examinees’ latent skills and processes.

The effects of misspecification are addressed via a simulation study, as in the two
previous studies cited above, because to study the effects of using a ““misspecified”
Q-matrix, the true Q-matrix used to generate the item responses must be known.

Two types of attribute misspecifications are examined in this study. The first type
of misspecification studied is excluding an essential attribute that is needed for solv-
ing the test items. The second type of misspecification studied is including a superflu-
ous attribute that is not necessary to solve the test items. These two types of
misspecifications can easily arise from taking approaches to attribute definition that
emphasize parsimony or completeness, respectively. The two types of misspecifica-
tion errors may be illustrated by referring to the Q-matrices shown in Figure 1. First,
let us assume that Q; with Ay, A,, Az, and A, is the true Q-matrix. Then Q; is a mis-
specified Q-matrix because essential attribute A, is excluded. Q3 and Q4 are also mis-
specified Q-matrices, obtained by omitting essential attributes A; and Ay,
respectively. Conversely, if we assume that Q,, composed of three essential attributes
Ay, Az, and Ay, is the true Q-matrix, then Qy is a misspecified Q-matrix because attri-
bute A, is included superfluously.

The Rule Space Method

The first step of a rule space analysis is attribute specification. As discussed above,
this step involves identifying specific attributes assumed to explain a student’s perfor-
mance on each test item and representing them in a Q-matrix, in which rows represent
test items and columns represent attributes (K. Tatsuoka, 1990). Each entry g in the
Q-matrix is equal to 1 if the kth attribute is required to solve the jth item, and 0 other-
wise, wherej = 1,...,Jand k = 1, ..., K. An example Q-matrix is shown in Table
1. The entries in the first row of the Q-matrix (corresponding to the item I;) indicate
that a student must have mastered A; and Az to get I; correct, whereas only Aj is
required to get I, correct.
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A A, A, A, A, Ay A
L1 1 1 0 L(r 1 0
L1l 0 1 o0 L1 10
L0 1 1 0 IL,jo 1 0

Q':Ij 0 0 1 1 =0 1o
L, [1 0 0 1 L1 0 1
Lo o 0 1 I, 0 0 1

Al AZ A4 Al A2 A3
IL,(1 1 0 I, (1 1 1
L1 0 o0 L |1 0 1
ILjo 10 Lo 11

Q3_14 0 0 1 Q“*L‘ 0 0 1

L1 0 1 I, [1 0 0

I,lo0 0 1 I, (0 0 0

Figure I. Example Q-matrices to illustrate attribute exclusion or attribute inclusion

Next, all possible attribute patterns, called knowledge states, are generated. For the
example Q-matrix given in Table 1, the number of possible attribute patterns is 2° =
8. Knowledge states in the RSM are represented in the form of a binary vector indi-
cating which attributes have been mastered. For example, an attribute pattern (011)
indicates a knowledge state of knowing A, and Aj; but not knowing A;. The knowl-
edge states correspond to certain item response patterns, termed as ideal response pat-
terns. Formally, let S; be the tth knowledge state (= 1, ..., T) composed of K
attributes and let R, be the corresponding ideal response pattern composed of J items.
The relationship between a knowledge state (S¢ = S,;, . . ., S;x) and the corresponding
ideal response pattern (R¢ = Ry, ..., R;) is given by a Boolean function as follows
(K. Tatsuoka, 1991):

K

Ry =[Sy (1)

k=1

This equation of the production rule has a conjunctive nature, in which the examinee
gets the item correct only if all involved attributes are mastered. Table 1 illustrates the
possible knowledge states and ideal response patterns identified by the example Q-
matrix. It is important to note that mapping of knowledge states to ideal response pat-
terns is not a one-to-one correspondence; rather, given a particular set of items and
a particular Q-matrix, two or more different knowledge states can result in the
same ideal response pattern. For example, two different knowledge states, S;(000)
and S,(100), correspond to the same ideal response pattern R{(00000) because no
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Table I. Generated Knowledge States and Ideal Response Patterns Implied by the Q-Matrix

Knowledge states, Example Ideal response patterns,
S (A| A2 A3) Q-matrix R (|| |2 |3 |4 |5)
S,(000) A A A R(00000)
S,(100) | Lo R(00000)
S3(010) : R3(00001)
S4(001) I, 0 I R4(01000)
Ss(110) i [ o 1 1 R3(00001)
Se(101) ls | | | Re(11000)
S7(011) R;(01101)
Se(111) s \o I 0 Re(11111)

items in the Q-matrix require knowing A, only. Knowing A; will only result in an item
being performed correctly if A; is known as well. Similarly, S3(010) and S5(110) share
the same ideal response pattern R3(00001).

It is important to note that attribute vectors in the Q-matrix can be compared, and
ordered, using Boolean algebraic structures, because ordering of attributes can affect
the identifiability of knowledge states. First, consider any attribute vector A, to be
a set whose elements are the items that require the subskill represented by the attribute
A, Then, for any two distinct attribute vectors A, and A, the set relationship A, C
A, induces an order relationship, <, between the two attributes, A, < A,,. In this case,
it follows that A, + A, = Apand A, X A, = A,,. A, isreferred to as a subset of A,
and A, a superset of A,. For example, if A; is a subset of A3 and A3 a superset of
Ay, then the order relation between A; and Aj; is defined as A; < As. Then A; +
A; = (10010) + (11110)Y = (11110 = Az and A; x Az= (10010) x
(11110 = (10010) = A;. In general, in Boolean algebraic operations 1 + 1 = 1,
1+0=0+1=1,0+0=0,1 x 1 =1,1x0=0x1=0,and0 x 0 = 0.

The third step of a rule space analysis begins by mapping the observed responses X
and ideal responses R onto a latent “‘rule space’” composed of dimensions 0 and _,
where 0 is the latent ability variable in item response theory and { is one of the
item response theory—based caution indices, measuring atypicality of item responses
(K. Tatsuoka, 1985). In other words, { indicates the tendency of a response pattern to
answer difficult items correctly and easy items incorrectly. Formally, it takes a stan-
dardized form of the conditional covariance of two residual vectors, P(6) — x and
P(0) — T(0), where P,(0) are the two-parameter logistic model probabilities for the
J items, x is a binary response vector, and 7(0) is the mean of P,(0):

(LS PO 5O -T6)
V2 PO)(1 = P(6)(P,(0) — T(0))?

(2)

The two axes of 8 and { are proven to be orthogonal as long as local independence
holds among the items (K. Tatsuoka, 1985). In some applications, it may be useful
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to incorporate more than one { dimension, if deviations of response patterns from
a unidimensional ability continuum show several distinct patterns. The additional {
measure the atypicality of item responses within subsets of the given test (K.
Tatsuoka, 1996). The coordinates of ideal responses in the rule space, {(0z; Crs)
t=1,..., T}, are termed centroids, symbolizing the locations of the knowledge
states. The projected points, {(0,;, {;) i= 1, ..., N}, of examinees’ observed
responses X in the rule space are assumed to deviate from the ““true’’ centroid because
the examinees’ observed responses reflect slips. Slips can be of two types: those
because of lucky guesses without knowledge (up-slips) or because of careless mis-
takes with knowledge (down-slips). Thus, the observed examinee points form a cluster
around the centroid.

The last step begins by examining the squared Mahalanobis distances between each
examinee’s coordinates (0, {) and the centroids corresponding to ideal response pat-
terns. The squared Mahalanobis distance is a chi-square variate with degrees of free-
dom equal to the number of dimensions of the rule space (K. Tatsuoka & Tatsuoka,
1987). If the distance between each examinee’s location and some centroids are closer
than a specified distance cutoff, the centroids are accepted as candidate knowledge
states for that examinee. In addition, Bayes’s decision rule for minimum error is
also applied because the distance measure itself does not provide probabilities of mis-
classification. This procedure provides the posterior probabilities associated with
being a member of the knowledge states for each examinee (K. Tatsuoka & Tatsuoka,
1987). The attribute mastery vector of each examinee is calculated in a probabilistic
form using the binary attributes in the candidate knowledge states and the posterior
probabilities corresponding to the knowledge states. Let a;, be the attribute mastery
(1 or 0) of the kth attribute in the #th knowledge state and w, be the posterior proba-
bility corresponding to the 7th knowledge state. The probability of mastery of an attri-
bute k£ by an examinee i is calculated as follows (K. Tatsuoka, 2009):

P(a; = 1|x;) = Zwr'atk- (3)

This probability for examinee i is called the attribute mastery probability (AMP) of
the examinee for the attribute &. When specific knowledge states for the examinee
are identified and corresponding AMPs are estimated, then the cognitive diagnosis
for the examinee is complete.

Changes in Knowledge States Because of Attribute
Misspecification

In considering possible consequences of attribute misspecification, it is useful to trace
through these possible effects in different stages of the RSM, to generate hypotheses

about the effects of attribute exclusion or inclusion on the identification of knowledge
states and classification of examinees.
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Table 2. Knowledge States Generated by the Q-Matrices and Their Corresponding Ideal
Response Patterns

Knowledge states generated by

Corresponding ideal

Q, Qz(no Ay) Q4(no Ay) Qs(no Aj) response patterns
Si(1111) T, (111) Vi(111) Uiy — Ry(ITTITT)
Sy(1011) V,(101) Uy(l101) — Ry(010111)
S5(1110) T(110) Us(110) — Ry(111000)
Ss(0111) T5(011) V3(011) U401 1) — R4(001101)
S4(1010) Us(100) — R5(010000)
Se(0110) T4(010) Ue(010) — R¢(001000)
S;(1001) Ts(101) V,4(100) — R,(00001 1)
Sg(1000) Te(100) — R(000000)
Se(001 1) V5(001) U,(001) — Rg(000101)
S10(0010) Ug(000) — R(000000)
S;1(0001) T,(001) V¢(000) — Ry(000001)
S12(0000) Tg(000) — R(000000)

Table 2 illustrates sets of knowledge states generated by Qq to Q4 (see Figure 1)
and the corresponding ideal response patterns identified through Equation (1). Let
us use Qq and Q, for the illustration. Q; generates 12 knowledge states for the attrib-
utes A to Ay, Sq to Sy, and 10 corresponding ideal response patterns, Ry to Ryg; Q;
generates 8 knowledge states for the attributes A, Az, and A4, Ty to Tg, and 7 corre-
sponding ideal response patterns, Ry, Rz, R4, Rg, Ry, Ro, and Ry, Note that the ideal
response patterns generated by Q, are a subset of the ideal response patterns generated

by Q;.

Excluding an Essential Attribute

The direct consequence of exclusion of an essential attribute is the elimination of
essential knowledge states and the corresponding ideal response patterns. To illus-
trate, let us assume that Qq is the true Q-matrix and Q, is a misspecified Q-matrix.
As can be seen in Table 2, exclusion of A, results in erroneous elimination of four
knowledge states and three ideal response patterns R,, Rs, and Rg. The general point
is that attribute exclusion does not transform the ideal response patterns into different
response patterns but simply leads to a decrease in the number of defined or identified
ideal response patterns.

The effects of attribute misspecification on classification of examinees can be bet-
ter understood with a graphical illustration of the rule space composed of (0, {) pairs,
where specific locations (centroids) correspond to specific knowledge states and/or
ideal response patterns. Figure 2 displays 10 hypothetical centroids C(0,, {;), where
t = 1,..., 10, corresponding to the 10 ideal response patterns identified by Qq in

Downloaded from epm.sagepub.com at COLUMBIA UNIV on November 19, 2011


http://epm.sagepub.com/

Im and Corter 719

A C
09} Co)
G)
| &)
0 C5(0s, C3 ]?‘ll* E2% %
Cid(010,C10 \\-_/’/,_.\ '\ 9. i
NQ(0,0) )/
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v

Figure 2. Hypothetical ellipses of 10 centroids projected onto the rule space

Table 2. The ellipses around the centroids signify the squared Mahalanobis distance
cutoff for the classification of examinees. Note that C,, Cs, and Cg were eliminated
when the attribute A, was excluded. The ellipses around the eliminated centroids,
C,, Cs, and Cg, are shown with dotted lines.

Let us assume that two hypothetical examinees E1 and E2 fall within the ellipse of
C, when diagnosed using the true Q-matrix Q. If attribute A, is excluded, several
ellipses including C, will be eliminated, and the two examinees E1 and E2 will be
reassigned into ellipses of the remaining centroids (if possible). In general, any exam-
inees who are located within the eliminated knowledge state ellipses will be reclassi-
fied into the remaining knowledge states based on proximity, using the squared
Mahalanobis distance from their locations in the rule space. With the exclusion of
attribute A,, examinee E1’s closest ellipse becomes the one labeled C;. But examinee
E2 cannot be successfully reclassified given the specified distance cutoff because he
or she is located outside the remaining ellipses. To sum up, attribute exclusion leads to
elimination of some knowledge states. Accordingly, examinees who were positioned
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near the eliminated knowledge states might be either not classified or underclassified,
meaning that they have fewer memberships in knowledge states than they are sup-
posed to have. Another consequence of the misspecification, besides this lower suc-
cessful classification rate, is that the AMPs of the examinees will be estimated
based on the erroneous set of knowledge states, leading to higher error or possibly
to bias.

Including a Superfluous Attribute

The inclusion of a superfluous attribute introduces some superfluous knowledge
states. To illustrate, we assume Q, to be the true Q-matrix and Q; to be the misspe-
cified one (see Table 2). Now ideal response patterns R,, Rs, and Rg are considered to
be superfluous because they are added because of erroneous inclusion of A,. Thus,
attribute inclusion merely leads to an increase in the number of possible ideal response
patterns rather than transforming the ideal response patterns into different response
patterns.

Hypotheses about the effects of attribute inclusion on examinees’ classification and
AMPs can be similarly inferred by taking the opposite approach to that used with attri-
bute exclusion. If Q, is the true Q-matrix, then Q represents the Q-matrix obtained by
the inclusion of superfluous attribute A,. The dotted ellipses in Figure 2 are now con-
sidered superfluous centroids. Then examinee E2 who initially does not belong to any
ellipse now acquires a new membership in C,. After inclusion of A,, examinee E1l
who had one membership in ellipse C; is now judged to have two memberships, in
C, and C;. Attribute inclusion results in superfluous creation of knowledge states
that likely inject noise into the estimation process. Thus, examinees positioned around
the superfluously added knowledge states would be overclassified, meaning that the
examinees have more memberships than they are supposed to have. Consequently,
the AMPs of the examinees are estimated based on a mix of valid and invalid
memberships.

Effects of Order Relations Among Attributes

As previously mentioned, an order relation between attributes affects the identifica-
tion of possible knowledge states. Within a single Q-matrix, attribute subset—superset
relationships have the consequence that not all knowledge states can be identified.
This point was made earlier, where it was pointed out that some distinct knowledge
states may correspond to the same ideal response pattern. Specifically, knowledge
states that are not generated in the RSM because of the order relation between the sub-
set A, and superset A; in Qq (see Figure 1 and Table 2) include (1101), (1100), (0101),
and (0100). Thus, the number of possible knowledge states is reduced from 16 (=2")
to 12 because of the order relation. Therefore, it is reasonable to hypothesize that order
relationships among attributes may moderate the effects of attribute misspecification.
For example, excluding the subset attribute A,, or the superset attribute Az, may lead
to different consequences in terms of classification and estimation bias.
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Summary

The previous section illustrated changes in the set of candidate knowledge states
because of exclusion of an essential attribute and inclusion of a superfluous attribute.
Attribute exclusion results in elimination of some knowledge states, which causes
examinees being underclassified. In contrast, attribute inclusion results in additional
knowledge states where examinees can be overclassified. The specific research ques-
tions addressed here are (a) how attribute misspecification affects the classification
consistency between examinees’ true mastery for each attribute and the estimated
mastery and (b) how attribute exclusion and attribute inclusion affect the estimated
AMPs of examinees. In addition to these two questions, we further examine
(c) how the order relations of an excluded/included attribute with the other attributes
affect the estimation of AMPs.

Method

Data Simulation

To maintain fidelity by using a realistic attribute structure, a Q-matrix constructed for
an actual test is used. Table 3 shows a Q-matrix specifying attributes of a mixed-frac-
tion subtraction test with 20 items constructed by Tatsuoka (1984), which has been
also referred to by other studies of cognitive diagnostic measurement models (e.g.,
de la Torre & Douglas, 2004; C. Tatsuoka, 2002). The seven attributes were involved
with the 20 items with varying degrees: Aq is associated with only three items whereas
A5 is associated with all the 20 items. This Q-matrix is used as the base model to create
Q-matrices with correct and incorrect attribute specifications.

A total of eight Q-matrices, Qg to Q4, were used to simulate item responses. The Q-
matrix in Table 1 is labeled Qy; it includes all seven attributes, A; to A;. Q; includes
all attributes except Al, Q, all attributes but A,, and similarly for Q3 to Q. Accord-
ingly, a total of eight data sets were simulated, using Qg to Q7 as the true knowledge
structures. The number of simulated examinees per identified knowledge state was
100. This resulted in different sample sizes for each simulated data set, because the
different “‘true’” Q-matrices generated different number of knowledge states. Table
4 shows the design used in generating the eight simulated data sets, and the effective
sample sizes.

To examine the effects of attribute exclusion, Qg was used as the true Q-matrix, and
the other Q-matrices, Qq to Q5, were then considered as misspecified Q-matrices.
For example, Q; composed of A, to A5 is a misspecified Q-matrix because it does
not include A;. A total of seven comparisons between Q, and other misspecified
Q-matrices (because of attribute exclusion) were performed. To examine the effects
of including a superfluous attribute, the comparisons were reversed: Q; to Q, were
considered the true Q-matrices (and used to generate simulated examinees), whereas
Q, was considered to be the misspecified attribute matrix.
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Table 3. Q-Matrix for the Mixed Fraction Subtraction Test

A Az As A4 As Ae A7
I 0 0 0 I 0 | |
I, 0 0 0 I 0 0 |
I3 0 0 0 I 0 0 |
I4 0 | I 0 | 0 |
Is 0 | I I 0 0 |
lg 0 0 0 0 0 0 |
I7 I | I 0 0 0 |
Ig 0 0 0 0 0 0 |
Iy | I 0 0 0 0 |
lo 0 | I 0 | | |
Iy 0 | I 0 | 0 |
P 0 0 I 0 0 0 |
I3 0 | 0 I | 0 |
l4 0 | 0 0 0 0 |
Iis | I I 0 0 0 |
le 0 | 0 0 0 0 |
l7 0 | 0 0 | 0 |
lig 0 | I 0 | | I
lo I | I 0 | 0 |
I 0 | I 0 | 0 |
Note. Adapted from Tatsuoka (1984).
Table 4. Simulation Design for Attribute Exclusion and Attribute Inclusion
True versus Response Slip Simulated  Classified  Percentage
misspecified Q-matrix set probability® N N® classified
Attribute exclusion
Qo vs. Q Set 0 (.00, .10) 3,300 2,994 90.75
Qo vs. Q; Set 0 (.00, .10) 3,300 3,299 99.97
Qo vs. Q3 Set 0 (.00, .10) 3,300 3,158 95.67
Qo vs. Q4 Set 0 (.00, .10) 3,300 3,059 92.70
Qo vs. Qs Set 0 (.00, .10) 3,300 3,059 92.70
Qo vs. Q¢ Set 0 (.00, .10) 3,300 3,266 98.97
Qo vs. Q7 Set 0 (.00, .10) 3,300 3,263 98.88
Attribute inclusion
Q) vs. Qo Set | (.00, .10) 2,000 2,000 100.00
Q2 vs. Qo Set 2 (.00, .10) 2,700 2,700 100.00
Q3 vs. Qo Set 3 (.00, .10) 1,800 1,800 100.00
Q4 vs. Qo Set 4 (.00, .10) 2,100 2,100 100.00
Qs vs. Qo Set 5 (.00, .10) 2,100 2,100 100.00
Qs vs. Qo Set 6 (.00, .10) 2,100 2,100 100.00
Q7 vs. Qo Set 7 (.00, .10) 3,200 3,200 100.00

a. Slip probability = probability {up-slip + down-slip}.
b. The number of classified examinees after the rule space analyses using misspecified Q-matrices, given the
classification cutoff of 4.605, the critical value of %> with two degrees of freedom, p > .90.
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Evaluation

As a first step, rule space analyses were conducted on the eight simulated data sets
using the BUGLIB program (C. Tatsuoka, Varadi, & Tatsuoka, 1992). Then the
effects of attribute specification were measured in two ways. First, an evaluation
was made of the consistency in classifying examinees’ mastery for each attribute,
based on the first knowledge state with the highest posterior probabilities. Specifi-
cally, to assess the classification consistency between examinees’ true attribute mas-
tery and the estimated mastery given attribute misspecification, percent agreement (p)
and Cohen’s kappa (K) are reported. Second, to assess errors in the estimated AMPs,
the root mean square errors (RMSEs) showing the magnitude of errors and the mean
bias showing the directionality of errors are reported along with the standard
deviation.

Results

The consequences of attribute misspecification could be examined only for examinees
successfully classified into any of the knowledge states, because those who were not
assigned into any states could not be further analyzed in the RSM. The number and
percentages of the simulated examinees who were successfully classified into any
of the knowledge states are reported in Table 4. When a superfluous attribute is
included, the successful classification rate is 100%, no matter which superfluous attri-
bute was added. In contrast, when an essential attribute was excluded, the rate of the
successfully classified examinees was lower. The percentages of successfully classi-
fied examinees were in general high, with rates varying from 90.75% to 99.97%,
depending on which specific attribute was excluded.

Effects of Attribute Exclusion and Attribute Inclusion

Table 5 presents a summary of the classification consistencies between examinees’
true attribute mastery and the estimated mastery given attribute misspecification
and of the errors in the estimated AMPs under attribute misspecification. The classi-
fication consistencies across the different cases of attribute misspecification were gen-
erally high. The classification consistencies for attribute exclusion were lower than the
values for attribute inclusion across all seven misspecification cases from A; to As.
The magnitude of the errors is given by the RMSEs and the directionality of the errors
is given by the means and ranges of the biases. The RMSEs of the estimated AMPs
because of inclusion of a superfluous attribute are much smaller (M = .038) than
those because of exclusion of an essential attribute (M = .138). The direction of
the estimation bias differs for the two types of specification errors. When an essential
attribute is excluded the directional bias of the errors for the remaining AMPs is gen-
erally negative (M = —.031), meaning that the estimated AMPs tend to be underes-
timated. When a superfluous attribute is included, the AMPs are generally
overestimated for the other attributes, resulting in a positive bias (M = .015).
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Table 5. Classification Consistency of Attribute Mastery in the First Knowledge States and
Error in AMP When an Essential Attribute Is Excluded or When a Superfluous Attribute Is
Included

Error
Classification Bias
p K RMSE Mean SD Minimum Maximum
Essential attribute excluded
A 949 .886 135 —-.018 141 —.854 621
A, 951 813 123 —.021 124 —1.000 .821
Az .881 .670 217 —.079 211 —1.000 718
A4 .879 738 163 —.035 159 —1.000 757
As .862 734 199 —.047 211 —1.000 812
Ag 943 871 122 —.0l14 131 —1.000 757
A, 1.000 1.000 .004 .000 .006 .000 .196
Superfluous attribute included
A 977 950 .056 013 123 —.580 .854
A, .982 .893 019 .0l .080 —.462 810
As 963 .856 .046 .035 122 -718 1.000
A4 .985 903 .025 .01l .094 —.757 .872
As .955 .896 .055 .023 .160 —.812 1.000
Ag 951 .893 .060 .0l4 133 —.696 1.000
A, 1.000 1.000 .002 —.000 .003 —.089 .000

Note. AMP = attribute mastery probability; RMSE = root mean square error.

Exclusion or inclusion of A7 is the only exception to the general pattern, showing
essentially zero bias, but a slight tendency toward the opposite pattern. Some analyses
investigating why A, might be an exception to the general pattern are presented in the
next section.

Effects of Attribute Order Relations in the Q-Matrix

As discussed above, an order relation between attribute vectors can affect the number
of possible knowledge states and accordingly the number of ideal response patterns.
This section focuses on the results of misspecification of attributes that have order
relations with other attributes in the Q-matrix. Figure 3 presents all the order relations
among the seven attributes. A5 is a superset of all the other attributes, because all the
20 items are involved with A. A, is a superset of A; and A5 and is a subset of A at the
same time.

Attribute exclusion. When an essential subset attribute was excluded, the RMSEs of
superset attributes were higher than the RMSEs of subset attributes when a superset
attribute was excluded (see Table 6). There was consistent directionality in biases
when an excluded attribute is a superset or subset of some remaining attributes.
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A £ A S A
As < A
Ay < Ay
As < A < Ay
Ag < A

Figure 3. Order relations among the attributes

When a subset attribute is excluded, the biases of the estimated AMPs of superset
attributes are nonpositive (upper-bounded at 0), indicating that all the examinees’
AMPs in the superset attributes are underestimated or remain the same. In contrast,
when an excluded attribute is a superset of some remaining attributes, the biases of
the estimated AMPs of subset attributes are nonnegative, that is., lower-bounded at
0. Thus, all the examinees’ estimated AMPs in the subset attributes are overestimated
or remain the same after excluding a superset attribute.

Attribute inclusion. When a superfluous subset attribute was included the RMSEs of
the remaining (superset) attributes were higher than the RMSEs of the remaining (sub-
set) attributes when a superset attribute was included. When a subset attribute was
included, the biases of the estimated AMPs in superset attributes are lower-bounded
at 0. This indicates that all the estimated AMPs in the remaining (superset) attributes
are overestimated or remain the same after superfluously including a subset attribute.
In contrast, when an included attribute is a superset of some remaining attributes, the
biases of the estimated AMPs of the remaining (subset) attributes are upper-bounded
at 0, meaning that all the estimated AMPs in the subset attributes are underestimated
or remain the same.

Summary and Discussion

The results show consistent bias from attribute misspecification and show bias in
opposite directions from excluding an essential attribute and including a superfluous
attribute. However, as a practical matter the amount of bias is not particularly large.
The classification consistencies between the simulated examinees’ true attribute mas-
tery and the estimated mastery after attribute misspecification were high, RMSEs
were not large, and mean biases were close to zero. One of the possible reasons would
be that, as shown in the illustration, attribute exclusion/inclusion did not result in com-
plete changes in knowledge states, but in elimination/addition of some knowledge
states because of the characteristics of the Boolean function (Equation [3]).

Several specific conclusions seem warranted by the results. First, when an essential
attribute was excluded, the classification consistencies of examinees’ attribute mas-
tery were lower than the consistencies when a superfluous attribute is included.
This may be attributed to the fact that attribute exclusion results in reclassification
of some examinees who belong to the excluded knowledge states; attribute inclusion
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results in some examinees near the superfluous knowledge states in the rule space
being overclassified because they now have membership in one or more additional
knowledge states. Thus, inclusion of a superfluous attribute was less influential to
the reclassified examinees. We also found that there were consistent asymmetric
reclassifications because of both attribute exclusion and attribute inclusion: When
an essential attribute is excluded, the rate of reclassified examinees moving from 1
(mastery) to 0 (nonmastery) in their first knowledge state was 5.4% and the rate of
moving from 0 to 1 was 2.3% on average. In contrast, when a superfluous attribute
is included, the rate of reclassified examinees moving from 1 to 0 was about 0.8%
and the rate of moving from 0 to 1 was 1.9% on average. This shows that with attribute
exclusion, there were more examinees who move from a mastery state to a nonmastery
state, whereas attribute inclusion results in more examinees moving from a nonmastery
state to a mastery state. This finding could be further investigated to establish its gen-
eralizability across various Q-matrix specification conditions.

Second, when an essential attribute was excluded, the mean biases of the estimated
AMPs for the remaining attributes were negative, meaning that the AMPs were under-
estimated. The exception was the case of attribute A5, which resulted in zero or slight
overestimation. This exceptional behavior apparently occurred because A5 is a ““uni-
versal” attribute, that is, an attribute required by all items, meaning that it is a superset
of any other attribute. When a superfluous attribute is included, the mean biases of the
AMPs for the other attributes are positive, indicating that the AMPs of examinees are
overestimated. Again, universal attribute A; was the exception, resulting in zero or
slight underestimation. The underestimation of AMPs because of attribute exclusion
and overestimation of AMPs because of attribute inclusion might be explained in rela-
tion to the results of classification. As Equation (3) makes clear, an examinee’s AMP
is an average of the attribute mastery values (1 or 0) defined by the relevant knowl-
edge states, after weighting by the posterior probabilities of the knowledge states.
Thus, the asymmetric reclassification changes, such that more examinees move
from 1 to 0 because of attribute exclusion and more examinees move from 0 to 1
because of attribute inclusion. This directly leads to the negative bias for attribute
exclusion and the positive bias for attribute inclusion, respectively.

Another possible explanation for the pattern of biases because of attribute exclu-
sion and attribute inclusion can be constructed, based on general arguments about
the nature of the modeling task in cognitive diagnosis using any conjunctive CDM,
which assumes that all involved attributes must be mastered by the examinee to cor-
rectly answer the item (as in Equation [1]). Since the goal of any error-based modeling
exercise is to match the predicted item response vectors to the observed vectors,
excluding an essential attribute that is not mastered by some examinees will tend to
raise the mean of the predicted response vector, unless ‘‘adjustments’” (i.e., negative
biases) are made to the AMPs of the remaining attributes. Similarly, including a super-
fluous attribute will tend to depress the mean predicted response vector (unless the
superfluous attributes were assumed to be mastered by examinees), requiring positive
“‘adjustments’” (biases) to bring the mean level of the predicted item responses in line
with the mean observed item response vectors.
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A third general finding was that when an essential attribute is excluded, the RMSEs
of the estimated AMPs were larger than the RMSEs when a superfluous attribute is
included. One possible reason can be found in the larger percentages of reclassified
examinees because of attribute exclusion rather than because of attribute inclusion,
as no errors arise for the examinees who were not reclassified. The percentages of
examinees reclassified because of attribute exclusion were 7.7 on average, whereas
the percentages reclassified because of attribute inclusion were 2.7 on average.

To summarize, the effects of excluding an essential attribute are more detrimental
to the classification of examinees’ attribute mastery and estimation of examinees’
AMPs, compared with the effects of including a superfluous attribute. These findings
have an implication for attribute specification in test construction, namely, that con-
tent experts should not drop an important attribute in problem solving, for example,
when it is considered as a basic attribute used for majority of the test items.

Effects of Order Relations Between Attributes

When an attribute is in an order relation with a misspecified attribute, the order rela-
tionships were associated with a systematic pattern in the directions of the biases of
the estimated AMPs. The effects found were the following:

1. When an excluded essential attribute is the subset of some remaining attrib-
utes, all the examinees” AMPs on those attributes are underestimated or
remain the same. In contrast, when an excluded attribute is the superset of
some remaining attributes, all the examinees’ AMPs on those attributes
are overestimated or remain the same.

2. The effects of attribute inclusion are complementary to the effects of attri-
bute exclusion. When an included superfluous attribute is the subset of
some attributes, all the examinees’ AMPs on those attributes are overesti-
mated or remain the same. In contrast, when an included superfluous attri-
bute is the superset of some attributes, all the examinees’ AMPs on those
attributes are underestimated or remain the same. The consistent patterns
in overestimation/underestimation of AMPs were found across different
attributes regardless of different degrees of involvement with the items.
The effects of attribute inclusion were complementary.

3. RMSEs of the superset attributes because of misspecification of subset attrib-
utes were bigger than RMSEs of the subset attributes because of misspecifi-
cation of the superset attributes. The sizes of the RMSEs were varied by
different attributes.

Implications

Future research might investigate other types of attribute misspecification. An exam-
ple is random misspecification (e.g., Baker, 1993) of elements in an attribute vector of
a Q-matrix arising from random errors by coders, corresponding to low reliability in
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coding a specific attribute. That type of misspecification is different from the attribute
exclusion/inclusion examined here, because misspecification of individual elements
in the Q-matrix would instigate changes of locations of centroids in the rule space,
instead of eliminating/adding some centroids without changing their locations in
the rule space. The degree of changes of centroids’ locations would be related to
the number of misspecified elements, and examinees’ attribute mastery would be
changed depending on the changes of the locations of knowledge states in the rule
space.

Here, the effects of misspecification error were mediated by order relations among
attributes. Order relations among attributes can be created by the existence of prere-
quisite, necessary, and/or logically dependent skills and by the coding of multilevel
intensity of attribute involvement. But this type of specification might also occur
merely because of poor test construction that fails to create items with all possible
combinations of attributes. For example, a test designer might include items that
test essential attributes A; and A, together, and some items that test A, alone, but
no items that test A alone. Then attribute A; will be a subset of A,, merely as an arti-
fact of the particular design of the item set. In this case, order relationships among
attributes are not logically determined; rather, they arise from flaws or gaps in test
design. We have shown here that such haphazard test construction could bias the esti-
mation of AMPs in predictable ways. A final issue worthy of future investigation is
suggested by the fact that the sizes of RMSEs varied among the various attributes
with different degrees of item involvement. It may be that attribute nesting is not
the only factor that leads to estimation bias; other related factors such as overall level
of item involvement might play a role as well. Future research might test this possi-
bility as part of a broad program to find and mitigate factors that lead to bias in diag-
nostic measurement methods.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interests with respect to the authorship and/or
publication of this article.

Funding

This research was supported by a grant from the National Science Foundation Fund (REC.
0126064).

References

Baker, F. B. (1993). Sensitivity of the linear logistic test model to misspecification of the weight
matrix. Applied Psychological Measurement, 17, 201-210.

Birenbaum, M., Kelly, A. E., & Tatsuoka, K. (1993). Diagnosing knowledge states in algebra
using the rule space model. Journal for Research in Mathematics Education, 24, 442-459.

Downloaded from epm.sagepub.com at COLUMBIA UNIV on November 19, 2011


http://epm.sagepub.com/

730 Educational and Psychological Measurement 71(4)

Birenbaum, M., Tatsuoka, C., & Yamada, Y. (2004). Diagnostic assessment in TIMMS-R:
Between countries and within country comparisons of eight graders’ mathematics perfor-
mance. Studies in Educational Evaluation, 30, 151-173.

Buck, G., & Tatsuoka, K. (1998). Application of the rule-space procedure to language testing:
Examining attributes of a free response listening test. Language Testing, 15, 119-157.

Buck, G., Tatsuoka, K., & Kostin, I. (1997). The sub-skills of reading: Rule-space analysis of
a multiple-choice test of second language reading comprehension. Language Learning, 47,
423-466.

de la Torre, J. (2008). An empirically based method of Q-matrix validation for the DINA model:
Development and applications. Journal of Educational Measurement, 45, 343-362.

de la Torre, J., & Douglas, J. (2004). Higher-order latent trait models for cognitive diagnosis.
Psychometrika, 69, 333-353.

DiBello, L., Stout, W., & Roussos, L. (1995). Unified cognitive/psychometric diagnostic assess-
ment: Likelihood-based classification techniques. In P. D. Nichols, S. F. Chipman, & R. L.
Brennan (Eds.), Cognitively diagnostic assessment (pp. 361-389). Hillsdale, NJ: Lawrence
Erlbaum.

Dogan, E., & Tatsuoka, K. (2007). An international comparison using a diagnostic testing
model: Turkish students’ profile of mathematical skills on TIMSS-R. Educational Studies
in Mathematics, 68, 263-272.

Fischer, G. (1973). The linear logistic test model as an instrument of educational research. Acta
Psychologica, 37, 359-374.

Hartz, S. (2002). A Bayesian framework for the unified model for assessing cognitive abilities:
Blending theory with practicality (Unpublished doctoral dissertation). University of Illinois,
Urbana-Champaign.

Im, S., & Yin, Y. (2009). Diagnosing skills of statistical hypothesis testing using the rule space
method. Studies in Educational Evaluation, 35, 193-199.

Junker, B. W., & Sijtsma, K. (2001). Cognitive assessment models with few assumptions, and
connections with nonparametric item response theory. Applied Psychological Measurement,
25,258-272.

Katz, I. R., Martinez, M. E., Sheehan, K. M., & Tatsuoka, K. (1998). Extending the rule space
methodology to a semantically-rich domain: Diagnostic assessment in architecture. Journal
of Educational and Behavioral Statistics, 24, 254-278.

Leighton, J. P., Gierl, M. J., & Hunka, S. (2004). The attribute hierarchy model: An approach
for integrating cognitive theory with assessment practice. Journal of Educational Measure-
ment, 41, 205-236.

Rupp, A., & Templin, J. (2007). The effects of Q-matrix misspecification on parameter esti-
mates and misclassification rates in the DINA model. Educational and Psychological Mea-
surement, 68, 78-96.

Tatsuoka, C. (2002). Data analytic methods for latent partially ordered classification models.
Journal of the Royal Statistical Society: Series C (Applied Statistics), 51, 337-350.

Tatsuoka, C., Varadi, F., & Tatsuoka, K. (1992). BUGLIB (Computer program). Trenton, NJ:
Tanar Software.

Tatsuoka, K. (1984). Analysis of errors in fraction addition and subtraction problems. Techni-
cal report NIE-G-81-0002. Computer-based education research laboratory, University of
[linois at Urbana-Champaign.

Tatsuoka, K. (1985). A probabilistic model for diagnosing misconceptions by the pattern clas-
sification approach. Journal of Educational Statistics, 10, 55-73.

Downloaded from epm.sagepub.com at COLUMBIA UNIV on November 19, 2011


http://epm.sagepub.com/

Im and Corter 731

Tatsuoka, K. (1990). Toward an integration of item-response theory and cognitive error diag-
nosis. In N. Frederiksen, R. Glaser, A. Lesgold, & M. Shafto (Eds.), Diagnostic monitoring
of skill and knowledge acquisition. (pp. 453-488). Hillsdale, NJ: Lawrence Erlbaum.

Tatsuoka, K. (1991). Boolean algebra applied to determination of universal set of knowledge
states (Research Report RR-91-44). Princeton, NJ: Educational Testing Service.

Tatsuoka, K. (1996). Use of generalized person—fit indexes, zetas for statistical pattern classi-
fication. Applied Measurement in Education, 9, 65-75.

Tatsuoka, K. (2009). Cognitive diagnostic assessment: An introduction to the rule space
method. New York, NY: Routledge, Taylor & Francis.

Tatsuoka, K., Corter, J. E., & Tatsuoka, C. (2004). Patterns of diagnosed mathematical content
and process skills in TIMSS-R across a sample of 20 countries. American Educational
Research Journal, 41, 901-926.

Tatsuoka, K., Guerrero, A., Corter, J., Tatsuoka, C., Yamada, T., Xin, T., . . . Im, S. (2000).
International comparison of mathematical thinking skills in the TIMSS-R. Japanese Journal
for Research on Testing, 2, 3-4.

Tatsuoka, K., & Tatsuoka, M. (1987). Bug distribution and statistical pattern classification. Psy-
chometrika, 52, 193-206.

von Davier, M. (2005, September). A general diagnostic model applied to language testing data
(ETS Research Report RR-05-16). Princeton, NJ: Educational Testing Service.

Yepes-Baraya, M., & Allen, N. L. (2003, April). An attribute-based study to obtain diagnostic
assessment information on the attainment of cognitive dimensions relevant in science edu-
cation. Paper presented at the 2003 American Educational Research Association meeting,
Chicago, IL.

Downloaded from epm.sagepub.com at COLUMBIA UNIV on November 19, 2011


http://epm.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'US Journals'] Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


