
A made-to-measure indicator for cross-disciplinary
bibliometric ranking of researchers performance

João Claro • Carlos A. V. Costa

Received: 12 February 2010 / Published online: 22 May 2010
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Abstract This paper presents and discusses a new bibliometric indicator of research

performance, designed with the fundamental concern of enabling cross-disciplinary

comparisons. The indicator, called x-index, compares a researcher’s output to a reference

set of research output from top researchers, identified in the journals where the researcher

has published. It reflects publication quantity and quality, uses a moderately sized data set,

and works with a more refined definition of scientific fields. x-index was developed to rank

researchers in a scientific excellence award in the Faculty of Engineering of the University

of Porto. The data set collected for the 2009 edition of the award is used to study the

indicator’s features and design choices, and provides the basis for a discussion of its

advantages and limitations.
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Introduction

The use of bibliometric indicators to measure research performance of researchers and

research units is becoming an established practice. These indicators are starting to be rou-

tinely used as criteria for academic recruitment and career progression, research funding, or

public rankings of academic institutions or individual researchers (Lehmann et al. 2006).

Bibliometric studies of research performance currently use a diverse set of indicators,

focusing on attributes of journals, publications, and citations. In terms of complexity,

quantity, and quality of data and processing required, indicators range from simple counts to

sophisticated normalized scores, controlling for document types, publication years, and

scientific fields. Some of the most disseminated indicators are the crown indicator (Moed

et al. 1995), the h-index (Hirsch 2005), the g-index (Egghe 2006), and the citation z-score
(Lundberg 2007).

The application of these indicators in the comparison of researchers from different

scientific fields faces difficulties, either due to the fact that they are based on field clas-

sifications with wide categories, which fail to address increasingly specific multidisci-

plinary or interdisciplinary research profiles, or because they fail to account for the

differing publication and citation patterns among scientific fields.

This is an essential concern in contexts such as the one that motivated this study—a

school-wide scientific excellence award created in the Faculty of Engineering of the

University of Porto (FEUP). This award distinguishes annually a researcher with an out-

standing research performance over the previous period of 5 years.

In this paper, we describe a new indicator—the x-index—designed to address this critical

concern, and use the data gathered for the 2009 award to illustrate its computation, utilization,

and features. The paper is organized as follows: ‘‘Methodology’’ section describes the

indicator and its development; ‘‘Data collection’’ section presents the data collection process;

‘‘Results’’ section displays the results of this study; ‘‘Discussion and conclusion’’ section

contains a discussion of the results, thoughts on future work, and concluding remarks.

Methodology

To compare the candidates to the award, we were interested in an indicator that would meet

three important requirements: include information on both quantity and quality of publi-

cation; use a data set that did not require extensive extraction and computing efforts;

provide appropriate comparison among researchers in different scientific fields.

We started our work based on the state-of-the-art indicator used to produce a successful

Top-40 economics researchers ranking in the Netherlands (Nederhof 2008).

The indicator is computed by adding individual publication scores:

I ¼
Xn

p¼1

Ip; ð1Þ

where n is the number of publications and Ip is publication p’s score.

Each publication p’s score is given by

Ip ¼
2

Np þ 1
LpCp; ð2Þ

where Np is the publication’s number of authors, Lp is the publication’s length normalized

to the average number of pages of publications in the same journal in the same year, and Cp
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is the journal’s average number of citations per publication normalized to field average.

2/(Np ? 1) is a co-authorship share coefficient.

The indicator met our first requirement, as it included information on quantity and

quality of publications. However, it did not meet the second requirement, due to the vast

amount of data and processing that are required to normalize page lengths and average

numbers of citations for journals, and it met only partially the third requirement, because it

relies on a scientific field classification with wide categories, failing to appropriately

characterize increasingly specialized individual research profiles.

To overcome these difficulties, we developed a new indicator, by adapting the original

one, in the following ways:

• To reduce data and processing requirements, we adapted the publication scores by

replacing the journal score with the 5-year Impact Factor. This removed normalization

from the score, so we reintroduced it in a different way. We also left out the size of the

publication, since it is increasingly becoming a journal-specific stable number. With

these adaptations, we are able to compute an absolute score for the researcher.

• To normalize that absolute score, we compare it to a weighted average of absolute

scores for the researchers with more publications in each journal where the researcher

has published. The proportions of each publication score in the researcher’s absolute

score define the weights.

By focusing on the mix of journals where a researcher publishes, instead of using an

established scientific field classification, we have better-suited bottom-up definitions of a

researcher’s specific publication profile. By using data about the researchers with more

publications in each journal, who can be identified by convenient functionality available

from citation data providers, we reduce substantially the data extraction and processing

efforts required to compute the indicator.

The indicator is defined and computed in the following way:

1. We compute an absolute score S of publishing quantity and quality, according to the

following definition:

S ¼
Xn

p¼1

Sp; ð3Þ

where Sp is the individual quality score for publication p, and n is the total number of

publications.

The scores Sp are computed in the following way:

Sp ¼
2

Np þ 1
Fp; ð4Þ

where Fp is the 5-year Impact Factor of publication p’s journal, and 2/(Np ? 1) is a

co-authorship share coefficient, with Np being publication p’s number of authors. This

co-authorship share coefficient is replaceable with alternative definitions, which, for

instance, may place different emphasis on collaboration (Abbasi 2009).

2. In order to enable the comparison among scientific fields, we then build the x-index as

a relative score:

X ¼ S

R
; ð5Þ
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where R is a reference score for the researcher’s specific scientific field.

This reference score R is computed as a weighted average of individual publication

reference scores Rp:

R ¼
Xn

p¼1

wpRp: ð6Þ

The weights wp are given by the proportion of Sp in the researcher’s absolute score S:

wp ¼
Sp

S
: ð7Þ

The individual publication reference score Rp consists of the following average:

Rp ¼
1

3
S1

p þ S2
p þ S3

p

� �
; ð8Þ

where Sa
p is the absolute score for the a-th researcher with more publications in

publication p’s journal.

Individual publication reference scores Rp may also be replaced by alternative defi-

nitions, such as a maximum, a minimum, a measure based on a different number of top

researchers, or others.

When a researcher’s absolute score is the same as the average absolute score for the

three top researchers in each journal, the value of the x-index is 1. When the absolute score

is systematically above or below, the x-index will also be, respectively, above or below 1.

In mixed circumstances, the magnitude of the x-index will depend on the specific mag-

nitudes of the differences, and the weights of the publications.

Data collection

In this study we use data collected for the 2009 scientific excellence award. The award

covered the 5-year period 2004–2008, and in this first edition only publications in journals

covered by the 2008 Journal Citation Reports (JCR) were considered. In order to apply for

the award, the researchers were required to have at least 15 publications or 7.5 FTEP (Full-

Time Equivalent Publications), each publication contributing additively to this score with a

co-authorship share coefficient of 2/(Np ? 1).

There were 14 candidates to the award, from two departments only: Chemical Engi-

neering (Department A) with 8 candidates, and Mechanical Engineering (Department B)

with 6 candidates.

The candidates from the Chemical Engineering Department had mostly published in

journals included in the following JCR categories: Biotechnology & Applied Microbiol-

ogy, Analytical Chemistry, Chemical Engineering, Environmental Engineering, and

Environmental Sciences. Individual candidates also had publications in more than one of

these categories. A similar observation was made regarding the candidates from the

Mechanical Engineering Department, who had the majority of their publications in journals

included in the following JCR categories: Manufacturing Engineering, Mechanical Engi-

neering, Composites Materials Science, and Applied Mathematics. The differences in

categories between the departments provide evidence of the need to account for differing

publication and citation patterns among scientific fields, whereas the diversity of categories
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within departments, and even for individual researchers, is evidence of the need to account

for candidate-specific research profiles.

Publication data was extracted from Institute for Scientific Information (ISI) Web of

Science by a team from the Faculty’s Library and Information Services. The effort for data

extraction covered approximately 150 journals, and required approximately 10 per-

sons day, a quite large effort, even for such a restricted number of candidates. A critical

part of the extraction process was the identification of individual researchers, which was in

general achieved with a combination of name and institution, and facilitated by the fact

that the data concerns researchers with high publication rates, and journals covered by the

JCR, both being particularly careful with researcher identification data.

The data was imported into spreadsheets, in order to enable the subsequent computation

of the scores.

Results

Score computation example

We start by providing detailed data about one of the researchers—researcher J—in order to

illustrate how the x-index is computed. Names of researchers, and titles of publications and

journals are omitted, for privacy reasons.

Table 1 shows the absolute scores for the three researchers with more publications in

each journal that researcher J published on. The reference score for each journal is the

average of the three scores.

In Table 2 we display the remaining data required to compute the score: the number of

authors Np, and the 5-year Impact Factor Fp, involved in the computation of each publi-

cation’s score Sp; the scores Sp, that are added to obtain the absolute score S = 24.934;

weights wp and the publications reference scores Rp, used in the weighted sum that pro-

vides the reference score R = 67.670. The x-index is obtained dividing the absolute score

by the reference score X = S/R = 0.3685.

Table 1 Scores for the authors
with higher numbers of publica-
tions in the journals where
researcher J published in the
period 2004–2008

Journal Researcher
#1 score

Researcher
#2 score

Researcher
#3 score

Average
score

J01 61.95 35.93 18.08 38.66

J02 83.09 23.54 25.94 44.19

J03 154.70 43.69 56.24 84.88

J04 225.89 70.70 77.89 124.83

J05 131.92 61.88 130.98 108.26

J06 137.69 118.26 240.00 165.31

J07 3.59 16.37 2.14 7.36

J08 5.08 3.94 7.16 5.39

J09 37.32 74.20 20.44 43.99

J10 90.73 20.35 9.61 40.23

J11 5.42 67.70 1.18 24.76
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Researchers performance ranking

Table 3 contains the x-indexes for the researchers that applied to the award, and their

ranking. Using partial information from the x-index, we also display in Table 3 four other

bibliometric indicators, and the corresponding rankings of the researchers: number of

publications, full-time equivalent publications, absolute scores, and average 5-year Impact

Factor.

The comparison of the rankings shows clearly the effect of the normalization in the

x-index. Considering, for instance, the top 4 ranking, the number of Department A

researchers is 3 for publications and FTEP, 4 for the absolute score, and 2 for the x-index.

The Spearman Rank Correlation Coefficient for the association between the x-index and

the other four indicators is 0.70 for publications, 0.86 for FTEP, 0.66 for absolute scores,

and -0.22 for average 5-year Impact Factor. The mean absolute shift in rank is 2.5 for

publications, 1.7 for FTEP, 3.0 for absolute score, and 5.1 for average 5-year Impact

Factor.

The differences relative to the average 5-year Impact Factor are very significant. In fact,

this indicator presents several shortcomings that are addressed with x-index, mainly the

fact that it fails to take into account quantity of work, and number of authors, and that it is

not normalized in the scope of any specification of scientific field.

The effect is also visible, although in a more moderate way, within departments.

Table 4 shows the ranks within the set of researchers from Department A. The Spearman

Rank Correlation Coefficient is lower for the average 5-year Impact Factor: -0.29,

but presents higher values for publications: 0.81, FTEP: 0.93, and absolute scores: 0.81.

Table 2 Data for researcher J’s publications, required to compute the absolute score and the x-index

Publication (p) Authors
(Np)

Journal 5-Year impact
factor (Fp)

Publication
score (Sp)

Weight (wp) Reference
score (Rp)

P01 3 J10 2.005 1.003 0.040 40.23

P02 1 J02 2.276 2.276 0.091 44.19

P03 4 J06 2.100 0.840 0.034 165.31

P04 3 J01 1.719 0.860 0.034 38.66

P05 2 J01 1.719 1.146 0.046 38.66

P06 4 J07 0.406 0.162 0.007 7.36

P07 1 J03 3.414 3.414 0.137 84.88

P08 3 J10 2.005 1.003 0.040 40.23

P09 3 J09 0.833 0.417 0.017 43.99

P10 3 J04 2.309 1.155 0.046 124.83

P11 1 J02 2.276 2.276 0.091 44.19

P12 1 J03 3.414 3.414 0.137 84.88

P13 3 J05 3.520 1.760 0.071 108.26

P14 6 J11 0.250 0.071 0.003 24.76

P15 4 J11 0.250 0.100 0.004 24.76

P16 3 J03 3.414 1.707 0.068 84.88

P17 1 J08 1.056 1.056 0.042 5.39

P18 1 J02 2.276 2.276 0.091 44.19
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The mean absolute shifts in rank are lower—1.0 for publications, 0.5 for FTEP, 1.0 for

absolute score, and 2.8 for average 5-year Impact Factor.

Table 5 provides analogous data for the researchers from Department B. The Spearman

Rank Correlation Coefficients are even higher—0.83 for publications, 0.94 for FTEP, 0.83

for absolute scores, and 0.20 for the average 5-year Impact Factor—and the mean absolute

shifts in rank lower—0.7 for publications, 0.3 for FTEP, 0.7 for absolute score, and 1.7 for

the average 5-year Impact Factor.

However, these variations in the rankings, even within departments, are in line with our

assertion that research performance assessment must be made closer to the specific

research profiles.

Table 3 Research performance ranking using number of publications, full-time equivalent publications
(FTEP), absolute score, average 5-year Impact Factor (IF) and x-index

Researcher Department Publications FTEP Absolute score Average IF x-index

Value Rank Value Rank Value Rank Value Rank Value Rank

A A 124 1 61.21 1 127.12 1 2.0818 8 1.5552 1

B B 37 4 19.72 3 30.74 5 1.5667 13 0.7320 2

C B 29 6 15.07 5 29.52 6 1.9809 9 0.5387 3

D A 48 3 19.74 2 56.45 3 2.8622 3 0.5175 4

E A 50 2 18.21 4 67.98 2 3.7116 1 0.5026 5

F B 16 12 13.33 7 23.54 10 1.7599 12 0.4641 6

G A 32 5 14.04 6 30.81 4 2.2315 7 0.4591 7

H B 26 8 10.84 11 20.18 12 1.8232 11 0.3917 8

I A 16 12 7.35 13 19.09 13 2.4451 5 0.3734 9

J B 18 10 11.65 9 24.93 9 1.9579 10 0.3685 10

K B 14 14 8.57 12 11.52 14 1.3556 14 0.2990 11

L A 25 9 11.70 8 26.21 8 2.2823 6 0.2955 12

M A 28 7 10.86 10 28.28 7 2.5231 4 0.1872 13

N A 17 11 6.10 14 21.68 11 3.6856 2 0.1851 14

Table 4 Research performance ranking using number of publications, FTEP, absolute score, average 5-
year IF, and x-index, for Department A researchers

Researcher Department Publications FTEP Absolute score Average IF x-index

Value Rank Value Rank Value Rank Value Rank Value Rank

A A 124 1 61.21 1 127.12 1 2.0818 8 1.5552 1

D A 48 3 19.74 2 56.45 3 2.8622 3 0.5175 2

E A 50 2 18.21 3 67.98 2 3.7116 1 0.5026 3

G A 32 4 14.04 4 30.81 4 2.2315 7 0.4591 4

I A 16 8 7.35 7 19.09 8 2.4451 5 0.3734 5

L A 25 6 11.70 5 26.21 6 2.2823 6 0.2955 6

M A 28 5 10.86 6 28.28 5 2.5231 4 0.1872 7

N A 17 7 6.10 8 21.68 7 3.6856 2 0.1851 8
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Choice of reference scores

When choosing the set of researchers with the larger number of publications as a reference

for each journal, we are seeking a reference that is simultaneously representative of the

journal’s scientific field, and of a large research output. Focusing only on the one

researcher with more publications entails two risks: the researcher can either be an outlier

with an extremely high absolute score, or have a concentrated range of publication outlets,

and present an extremely low overall score. In order to avoid these situations, we chose to

use the average of the three top researchers as reference score.

Table 6 presents the values of the relative scores for different reference score alterna-

tives: the maximum among the three scores (SMAX
REL ), the minimum (SMIN

REL), the score of the

researcher with more publications in the journal (STOP
REL), the average of the two top

researchers (STOP-2
REL ), and the average of the three top researchers (the x-index).

Table 5 Research performance ranking using number of publications, FTEP, absolute score, average 5-
year IF, and x-index, for Department B researchers

Researcher Department Publications FTEP Absolute score Average IF x-index

Value Rank Value Rank Value Rank Value Rank Value Rank

B B 37 1 19.72 1 30.74 1 1.5667 5 0.7320 1

C B 29 2 15.07 2 29.52 2 1.9809 1 0.5387 2

F B 16 5 13.33 3 23.54 4 1.7599 4 0.4641 3

H B 26 3 10.84 5 20.18 5 1.8232 3 0.3917 4

J B 18 4 11.65 4 24.93 3 1.9579 2 0.3685 5

K B 14 6 8.57 6 11.52 6 1.3556 6 0.2990 6

Table 6 Research performance ranking using different reference score alternatives

Researcher SMAX
REL SMIN

REL STOP
REL STOP-2

REL x-index

Value Rank Value Rank Value Rank Value Rank Value Rank

A 1.1416 1 2.2896 1 1.4485 1 1.5577 1 1.5552 1

B 0.4435 2 1.4286 2 0.5156 2 0.6537 2 0.7320 2

C 0.3198 6 1.0056 3 0.3884 5 0.4990 4 0.5387 3

D 0.3674 3 0.7692 6 0.4451 3 0.4871 5 0.5175 4

F 0.2848 7 0.9596 4 0.3378 7 0.4110 7 0.5026 5

G 0.3453 4 0.7932 5 0.3955 4 0.4999 3 0.4641 6

H 0.3310 5 0.6914 8 0.3558 6 0.4287 6 0.4591 7

I 0.2412 9 0.6603 9 0.2611 9 0.3449 9 0.3917 8

J 0.2654 8 0.5741 10 0.3361 8 0.3575 8 0.3734 9

K 0.2114 12 0.6968 7 0.2201 12 0.3263 10 0.3685 10

L 0.2148 10 0.4799 11 0.2307 11 0.2681 12 0.2990 11

M 0.2128 11 0.4369 12 0.2446 10 0.2798 11 0.2955 12

N 0.1310 13 0.3392 14 0.1322 13 0.1644 13 0.1872 13

O 0.0987 14 0.3943 13 0.1222 14 0.1520 14 0.1851 14
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The Spearman Rank Correlation Coefficient for the association between the different

alternatives and the x-index is 0.93 for SMAX
REL , 0.96 for SMIN

REL, 0.95 for STOP
REL, and 0.96 for

STOP-2
REL . The corresponding mean absolute shifts in rank are 1.1, 0.9, 1.0, and 0.9,

respectively.

Including more information does in fact lead to shifts in the rankings, and although the

differences between alternative rankings and the x-index ranking are not large (in this

particular case, they occur mostly in the middle of the rankings, with the top two and

bottom two positions remaining unchanged), they show that the two risks we have men-

tioned are present and have an impact.

Discussion and conclusion

This study describes x-index, a new indicator for cross-disciplinary bibliometric research

performance assessment, developed to meet three requirements: reflect both publication

quantity and quality; modest data extraction and processing effort; ability to compare

diverse scientific field profiles.

The indicator was used to rank candidates to a scientific excellence award in FEUP. The

data collected for that purpose was used to illustrate the indicator’s computation, to show

its suitability to compare researchers from different scientific fields, and to validate our

design choice concerning the number of top researchers involved in defining journal ref-

erence scores.

The indicator therefore presents several merits, but it also has some limitations, and may

be object of further improvement efforts:

• Using a measure based on citation counts would permit a more meaningful assessment

of scientific quality, since the Impact Factor has well-documented limitations

(Lehmann et al. 2006). The generic structure of our indicator allows it to be adapted

to measures based on citation counts, and even to other measures. This would,

however, require a more complex, and possibly larger, extraction and processing

work—to control for document type, to limit the citation counts to a certain time

window—and in fields with a large time-to-citation would inhibit the inclusion of

recent publications in the assessment.

• Due to the normalization procedure, the indicator is vulnerable to scale issues. In the

presence of a stratification of journals in the same scientific field, with non-intersecting

clusters of researchers featuring high publication rates and high Impact Factors, and

researchers featuring low publication rates and low Impact Factors, it is possible for

researchers from the latter to have x-indexes similar to, or higher than, the researchers

from the former.

This vulnerability of the indicator is of a generic nature, and its impact will, in the end,

depend on whether the stratification occurs in practice or not. We are not aware of any

studies on this effect, and have not come across it in our study. Nevertheless, the fact

that the reference scores are computed with the average of the three top researchers for

each journal should help moderate the impact of stratification, by diversifying the set of

researchers that are involved in the comparative assessment. Additionally, for the

purpose of the award, we established a minimum threshold for the candidates’ number

of publications, which should also be helpful, by leaving out candidates with a very

narrow set of publishing outlets. When circumstances require a broader and more
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thorough assessment, multiple indicators should naturally be used, and should be used

in a decision support perspective by the assessment experts (Pendlebury 2009).

• A critical piece in the computation of the indicator is the unique identification of

researchers, which is still a weakness in citation databases. As we have mentioned

earlier, highly published researchers, and journals included in the JCR, are likely to be

more careful with establishing conditions for this unique identification. On the other

hand, there are ongoing efforts to address this problem (Enserink 2009). For the

moment, efforts such as extending the normalization to averages, or automating the

data extraction process will keep facing strong difficulties.

• Using only data from ISI and JCR journals excludes some types of publications, such as

books, book chapters and conference proceedings, and obviously publications in

journals that are not covered by ISI. However, the extension of x-index to other sources

of citation data is straightforward. As an example, a procedure analogous to the one we

have described could be performed using Scopus, which offers a wider coverage of

scientific journals, and SJR (Falagas et al. 2008) as an alternative journal scientific

prestige indicator.

The scientific excellence award has fundamentally been established to recognize out-

standing scientific work, but it also plays a role in incentivizing researchers to intensify

their efforts to publish more, and to publish in prominent international journals. This is an

important goal for FEUP as a whole, but it is an area where most departments need to

radically improve their performance, as is noticeable in the concentration of applications to

the award in just two departments.

Although the indicator does not cover all dimensions of research work, we believe its

generic structure can be adapted to reflect a more complete appraisal, and allow an even

better knowledge of where researchers stand in comparison with the best in their fields. An

important trade-off of these improvements is the increase in the amount of required

information extraction and processing, which is not always compatible with the resources

that a single Faculty or University is able to make available for this purpose. Based on

success ingredients from other ranking experiences (Nederhof 2008), the ranking proce-

dure has been designed to be transparent, so it has been, and remains, open for discussion

and improvements.
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Maria Antónia Carravilla, for helpful suggestions and comments in the development of the indicator, and the
team at FEUP’s Library, for their collaborative spirit, and all their hard and thorough work.

References

Abbasi, A., Altmann, J., & Hwang J. (2009), Evaluating scholars based on their academic collaboration
activities: two indices, the RC-index and the CC-index, for quantifying collaboration activities of
researchers and scientific communities. Scientometrics. doi:10.1007/s11192-009-0139-2.

Egghe, L. (2006). Theory and practice of the g-Index. Scientometrics, 69(1), 131–152.
Enserink, M. (2009). Are you ready to become a number? Science, 323(5922), 1662–1664.
Falagas, M. E., Kouranos, V. D., Arencibia-Jorge, R., & Karageorgopoulos, D. E. (2008). Comparison of

SCImago journal rank indicator with journal impact factor. FASEB Journal, 22(8), 2623–2628.
Hirsch, J. E. (2005). An index to quantify an individual’s scientific research output. Proceedings of the

National Academy of Sciences, 102(46), 16569–16572.
Lehmann, S., Jackson, A. D., & Lautrup, B. E. (2006). Measures for measures. Nature, 444, 1003–1004.
Lundberg, J. (2007). Lifting the crown—citation z-score. Journal of Informetrics, 1(2), 145–154.

122 J. Claro, C. A. V. Costa

123

http://dx.doi.org/10.1007/s11192-009-0139-2


Moed, H. F., De Bruin, R. E., & Van Leeuwen, T. N. (1995). New bibliometric tools for the assessment of
national research performance: Database description, overview of indicators and first applications.
Scientometrics, 33(3), 381–425.

Nederhof, A. J. (2008). Policy impact of bibliometric rankings of research performance of departments and
individuals in economics. Scientometrics, 74(1), 163–174.

Pendlebury, A. J. (2009). The use and misuse of journal metrics and other citation indicators. Archivum
Immunologiae et therapiae Experimentalis, 57(1), 1–11.

A made-to-measure indicator 123

123


	A made-to-measure indicator for cross-disciplinary bibliometric ranking of researchers performance
	Abstract
	Introduction
	Methodology
	Data collection
	Results
	Score computation example
	Researchers performance ranking
	Choice of reference scores

	Discussion and conclusion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


