
Abstract – A number of clinical and research situations arise

that require the integration of complex, multi-dimensional,

performance-related information to determine a single quantity

such as “disease severity” or “risk level” (for subsequent

development of a disease). This process is generally carried out

either by relying on a subjective gestalt approach or by using

rating scales that combine scores for component measures using

an additive process without justification. Concepts from

General Systems Performance Theory have provided insights

into this problem, teaching that a fundamentally multiplicative

method of integrating components is often appropriate. In this

paper, concepts and previous supportive experimental work are

reviewed in the context of the quantitative characterization of

disease severity. A Parkinson’s Disease study (n = 114) is

presented that mimics the “two-condition” situation

encountered in the clinical trial of a new drug or other therapy.

Traditional and performance theory-based composite scores

are computed for each condition (“on” and “off” medications)

and compared, with emphasis on the different quantitative

“pictures” conveyed by each approach. It is concluded that

performance theory based composites are not only more

sensitive to therapeutic agents experimentally, but also have

superior conceptual validity compared to traditional forms of

single-number composites.

I. INTRODUCTION

In clinical trials of drugs or other therapies targeting

neurologic diseases such as Parkinson’s Disease (PD), we

have observed that it is not uncommon for disagreement to

exist between clinicians’ perception of efficacy and the

quantitative results obtained from formal analyses. Clinicians

may have a gestalt sense that the benefit is “substantial”,

when both individual and composite quantitative measures

indicate relatively small changes (that may also be

“statistically” significant). PD, for example, results in a

diverse, complex array of motor and non-motor symptoms

related to complex profiles of impairment. The fundamental

challenge that arises in this and many other analogous

situations is: “How does one systematically derive a single

number that characterizes disease severity when multiple

systems and attributes of performance are involved?”

Instruments, such as the Unified Parkinson’s Disease

Rating Scale (UPDRS) [1], are designed to capture this

complexity and are often used in such clinical trials. Such

scales are administered by a trained clinician making a

subjective judgment to score each item of the scale. Each

item generally reflects a different symptom and/or

impairment (vs. performance capacities). In the UPDRS,

sub-scores are computed by adding scores for items within

categories. An overall score is computed by adding sub-

scores. Similar methods are used in rating scales for other

diseases or injuries (e.g., head injury). The use of addition to

combine scores reflecting conceptually different quantities

such as tremor, slowness of movement (bradykinesia),

mental status, coordination, balance, and gait (for example)

in such scales is by far the standard, but is never justified. It

is apparently a “traditional thing to do”, has been rather

blindly applied, and has not been questioned. Recently, a

task force [1] reviewed the UPDRS and recommended

development of a new version that capitalizes on its strengths

and rectifies its weaknesses. No mention was made of the

method used to combine scores for individual items.

General Systems Performance Theory (GSPT) and

application of it to human performance measurement [2]

contain conceptual perspectives relevant to the stated

challenge of forming composite scores such as those that

reflect disease severity. GSPT provides a framework to

address the complex, multidimensional and hierarchical

nature of human performance. A key premise here is that

disease impacts performance of affected subsystems.

Briefly, GSPT requires that performance measures be

defined using a resource construct (representing desirable

quantities in contrast to impairments; e.g., speed vs.

bradykinesia, steadiness vs. tremor, etc.). For a given system,

these performance resources define the axes (or “dimensions

of performance”) of a multi-dimensional performance space

in which a performance capacity envelope (PCE) is defined

using measures of individual performance capacities (Fig. 1).

Fig. 1. Key concepts leading to formation of product-based measures

of composite performance capacity are illustrated for a system with

two dimensions of performance (DOPs). A larger product-based

composite reflects a larger volume enclosed by the performance

capacity envelope; more “points” (tasks) are thus enclosed.
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Each such measure reflects the amount of availability of a

given performance resource for use in tasks performed by the

corresponding system. The logic of GSPT explains that the

volume enclosed by the PCE represents the system’s

capacity to perform tasks that draw on the constituent

performance resources. For example, if the dimensions of

performance in Fig. 1 were speed and accuracy, the product

of “available speed” and “available accuracy” would reflect

the capacity to execute tasks that make demands on the

system’s speed AND accuracy resources. A key element of

this logic is the recognition that the enclosed points represent

specific tasks imposing demands that are “within the limits”

of the system’s capacity.

II. RELEVANT PREVIOUS STUDIES

The first effort to apply these concepts to experimental

data addressed the problem of computing the functional

capacity of the shoulder [3] and by inference, other

neuromuscular systems. No effort was made to validate the

result; there was no solid “gold standard” available for

comparison. Results were explained conceptually using joint

probability; i.e., what is the probability that the “shoulder

system” would have enough strength AND range of motion

AND .. to accomplish tasks it attempts? This type of

application was subsequently expanded upon and further

formalized for neuromuscular systems to consider

performance capacity envelopes that are not “rectangular”

but which have smooth curvilinear surfaces [4]. Methods for

estimating the complex nature of the PCE were demonstrated

with data for the knee extensor system.

In another study [5], three individual performance

capacities (visual information processing speed, shoulder

internal/external rotator movement speed, and shoulder

abductor strength) were utilized, as well as the performance

of a “more complex” higher-level task (speed of putting on a

shirt) that made demands on the three individual

performance resources (and others). Subjects ranged in age

from 20-80 yrs. Regression equations, representing

performance of each item as a function of age, were

developed. Performance capacities for 20, 45 and 70 yrs

were expressed as a fraction of 20 yr values. Various

composite scores were formed by averaging and multiplying

different combinations of the age-normalized individual

capacities. It was found that the slope of decline with age for

the product-based composite that included all three of the

individual capacities exhibited the best agreement with the

slope of decline of the speed of putting on a shirt.

GSPT concepts were also applied to the human speech

production. One aspect of this effort focused specifically on

the pitch control system [5]. Individual capacity measures

reflected central processing associated with pitch control

(speed of response to a stimulus) as well as a neuromuscular

capacity (movement speed of the vocal folds). Four subjects

(three healthy non-singers and one professional singer) were

studied extensively. A composite formed as the product of

the two individual measures was computed. While

differences between the non-singers and singer were

relatively small for component measures, the product-based

composite indicated the average pitch control performance

capacity across the non-singers was only about 18% of the

singer. It was concluded that this composite began to reflect

the “true difference” in vocal ability observed.

Motivated by the desire of physical therapists to

“measure” motion quality in rehabilitation contexts, a study

was conducted involving healthy subjects as well as those

with various conditions affecting motion quality [7]. A set

of individual measures associated with a generic upper

extremity “motion producing system” (i.e., considering one

arm as the “system of interest”) was defined using GSPT

constructs. These measures, each of which targeted different

aspects of “quality” (e.g., speed, accuracy, smoothness, etc.),

were acquired for a set of different “more complex” tasks

(e.g., throwing, cleaning a surface, picking and placing, etc.).

Execution of these tasks was also videotaped and

subsequently rated by experienced professionals (who

routinely must deal with the notion of “motion quality”) on a

single-dimensional visual analog scale of “overall motion

quality”. Individual performance measures and various

composite scores (based on both additive and multiplicative

combinations) were then correlated (across all subjects) with

the subjective evaluation scores of the experts which served

as an operational “gold standard”. Product-based composites

exhibited the best agreement (i.e., largest correlation

coefficient) with this gold standard. Furthermore, the level of

correlation increased as more individual measures were used

to form the composite.

A well-established principle of human motion known as

Fitts’ Law was revisited [8], [9] from the perspective of

GSPT and product-based composite performance capacities.

Fitts’ Law is generally characterized as a formal explanation

of the speed-accuracy tradeoff that exists in human motion.

This is interesting in that the traditional equation

representing Fitts’ law does not explicitly contain a speed or

an accuracy variable. It does contain a “movement time”

variable which can be considered to be speed related; i.e. the

inverse of speed.

We have long used upper and lower extremity tests of

coordination that are based on Fitts’ Law. In these tests, a

subject attempts to alternately move a limb segment between

two targets “as fast and as accurately as possible”. It was

shown from experimental data drawn from our database

(more than 1500 records) that the simple mathematical

product of speed and accuracy (for a given task challenge)

correlated perfectly with what Fitts’ termed his “Index of

Performance” (IP). The “IP” reflects a basic performance

resource that can be used for speed or accuracy and thus

results in a “speed-accuracy” tradeoff. Scaling the product

of speed and accuracy by what Fitts’ termed the Index of

Task Difficulty (which is computed from the distance

between targets and the width of the target) produced

numerical values there were essentially in perfect agreement

with Fitts’ IP. The result is an equation that explicitly

contains speed and accuracy variables to compute the

equivalent of Fitts’ IP, which we have termed “neuromotor

channel capacity”. Given the validity that is widely

attributed to Fitts’ Law, this result was viewed as a powerful

endorsement of GSPT constructs pertaining to the formation

of composite performance capacities.

3967



More recently, GSPT was applied to explore the

formation of composite scores in PD [10], [11] toward the

ultimate goal of realizing a measure of disease severity. This

paper represents the extension of these efforts.

III. METHODOLOGY

Subjects with Parkinsonism (n=114) were tested in

"OFF" medication (so-called “practically defined off”) and

"ON" medication (~ 1 hour after medication) states. A

battery of objective, computer-based performance capacity

measures and the UPDRS was administered in both states.

Six types of the objective measures representative of

cognitive, motor, and balance domains were selected for

analysis: 1) visual spatial short-term memory capacity, 2)

visual information processing speed, 3) upper extremity

movement speed (each arm), 4) index finger rapid alternating

movement speed (each hand), 5) neuromotor channel

capacity (four limbs), and 6) postural stability (each leg).

Procedures and measures for these tests are described

elsewhere; e.g., [12]. Each of these measures was developed

in accordance with GSPT’s resource construct; a larger

numerical value always reflects “more performance resource

availability” and therefore greater performance capacity.

The application of GSPT to traditional scales that are

symptom or impairment oriented requires that all measures

be transformed to represent "performance resources" that

reflect desirable quantities and that have numerical values

that are larger for “better performance”. Generally, this is

accomplished by simple inversion [9] or by reversing the

numerical values associated with points on the scale. In the

present study, two selected items from Subscale III of the

UPDRS (“rapid alternating movements of the upper

extremity” and “leg agility”; dominant and nondominant

body sides) were used. These are rated on a five-point scale

in which “0” represents “normal” and “4” represents “can

barely perform the task”, with three key-worded levels in

between. These scores were transformed by subtracting each

actual score from the numerical value “5”, producing results

ranging from 1 to 5 where “5” now represents “normal” (the

“best performance” possible on this scale).

The "percent change" (from "OFF" to "ON" medication)

was computed for each subject for each individual measure.

Composite scores were computed by averaging various

combinations of measures (i.e., a fundamentally additive

method, consistent with the computation of subscale and

overall scores on the UPDRS) and also by computing

multiplicative composite performance capacities. This was

done first for each condition (i.e., “ON” and “OFF”). Then

“percent change” scores were computed for each composite

measure. Finally, the average across all subjects was

computed for each individual and composite “percent

change” score. Better performance in the “ON” medication

condition is reflected by positive percent change values.

IV. RESULTS

For the objective, computer-based performance

measures, "percent change" values ranged from 1.4-22.6%

(greatest for lower extremity NMCC) for individual

measures and averaging-based composites. For product-

based composites, values range from 4.3-109% Larger

percent change values were obtained for composites

incorporating a greater number of individual performance

measures. The percent change scores for representative

individual and composite measures are illustrated in Fig. 2.

Fig. 2. In product composites, “percent change” values increase as

additional performance resources, each of which exhibits a relatively

small percent change value, increases.

A performance capacity envelope view is presented in

Fig. 3 that includes, for reference, healthy subjects of a

comparable age. Note that measures for two of the

dimensions are, themselves, product-based composites.

Fig 3. Change from OFF to ON meds along each dimension is

relatively small; but change in volume, reflecting capacity to execute

tasks that require the component performance resources) is 106%.
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For UPDRS measures, the four individual measures

indicated improved performance in the “ON” medication

state. "Percent change" values ranged as follows: 1)

individual measures (14.6-18.1%), 2) addition-based

composites (15.2-17.2%), and 3) multiplication-based

composites (30.8-63.7%). In the latter case, the magnitude

of the percent change again increased with the number of

individual measures included.

Fig. 4. Comparison of individual, traditional composites (additive), and

GSPT-based composites using selected UPDRS items.

V. DISCUSSION

Results support previous findings that product-based

composites are more sensitive than addition based

approaches. While no “operational gold standard” was

formally included, it is argued that the amount of “change”

(from “OFF” to “ON” medications) in ability execute daily

tasks for these patients is more accurately reflected by

numerical values of “percent change” in the range of 50-

100%, rather than values of 10-15%.

Whereas the interpretation of product-based composites is

clearly provided by GSPT (i.e., the capacity to execute tasks

that make demands on the combination of performance

resources included in the composite), the true interpretation

of traditional addition-based composites is not clear. One

obvious possible interpretation is that they reflect the

average “availability” (or weighted average) across a

selected pool of different performance resources. It is argued

that this is not the information required to reflect disease

severity as it does not characterize the interaction of these

performance resources in the execution of more complex

tasks. It is also not logical to add quantities that are

fundamentally different (e.g., memory capacity and

movement speed), even when normalizations are applied that

give the appearance of “unitless” numerical values. Product-

based composites inherently embrace the presence of units

and preserve dimensionality when they are formed. This,

aside from experimental findings, adds to their validity.

Our approach to characterizing disease severity is based

on computing system performance capacity. Clearly, these

are inverses of each other. The assumption is that the greater

the loss in composite capacity (relative to a reference

representing “healthy”), the greater is disease severity. This

logic is consistent with subjective, ad hoc assessments of

severity routinely made by clinicians and their patients.

VI. CONCLUSION

Quantitative characterization of disease severity is a

complex and important problem. Formation of composite

measures must be carefully studied using both conceptual

and experimental tools. Collective results from this study

and previous studies cited suggest that the traditional

conceptual basis for computing composite scores should be

revisited and scrutinized. Averaging (or simple addition

commonly employed in rating scales) tends to diminish or

dilute important differences exhibited by individual subjects

across the array of performance variables and has conceptual

problems as noted. GSPT-based composites appear to be

more sensitive experimentally, and conceptually provide a

more meaningful integration of information across multiple

systems as well as their dimensions of performance.

REFERENCES

[1] Movement Disorder Society Task Force on Rating Scales in

Parkinson’s Disease, “The unified Parkinson’s Disease rating scale

(UPDRS): status and recommendations,” Movement Disorders, vol.

18, pp. 738-750, 2003.

[2] G. V. Kondraske, “The elemental resource model for human

performance,” in The Biomedical Engineering Handbook 3rd Ed.:

Biomedical Engineering Fundamentals. J. Bronzino, Ed. Boca Raton:

CRC Press, Taylor & Francis, 2006, pp. 75.1-75.19.

[3] G. V. Kondraske, “Computation of functional capacity: Strategy and

example for shoulder,” in Proc. 9th Annual IEEE Eng. in Med. and

Biol. Soc. Conf., 1987, pp. 477-478.

[4] P. J. Vasta and G. V., Kondraske, “An approach to estimating

performance capacity envelopes: knee extensor system example,” in

Proc. 19th Annual Conf. of the Eng. In Med. and Biol. Soc., Chicago,

1997, pp. 1713-1716.

[5] G. V. Kondraske, “Neuromuscular performance: Resource economics

and product-based composite indices,” in Proc. 11th Annual Conf. of

the Eng. In Med. and Biol. Soc., Seattle, 1989, pp. 1045-1046.

[6] M. Jafari, K. H. Wong, K. Behbehani, and G. V. Kondraske,

“Performance characterization of human pitch control system: An

acoustic approach,” Journal of the Acoustical Society of America, vol.

85(3), pp. 1322-1328, 1989.

[7] C. A. Fischer and G. V. Kondraske, “A new approach to human

motion quality measurement,” in Proc. 19th Annual Conf. of the Eng.

In Med. and Biol. Soc., Chicago, 1997, pp. 1701-1704.

[8] G. V. Kondraske and P. J. Vasta, “Neuromotor channel capacity,

coordination, and motion quality,” in CD-ROM Proc. World Cong. on

Med. Phys. and Biomed. Eng., Chicago, 2000, (4 pgs).

[9] G. V. Kondraske, “Performance theory: implications for performance

measurement, task analysis, and performance prediction,” in CD-ROM

Proc. World Cong. on Med. Phys. and Biomed. Eng., 2000, (4 pgs).

[10] R. M. Stewart, G. V. Kondraske. and M. K. Sanghera, “Performance

theory and formation of composite outcome measures: Implications

for clinical trials,” Mov. Dis., vol. 19 (Suppl. 9), pp. S157-S158, 2004

[11] R. M. Stewart, G. V. Kondraske, and M. K. Sanghera, “Application of

systems performance theory to the UPDRS: preliminary exploration,”

Mov. Dis., vol. 20 (Suppl.10), pp. S82-S83, 2005.

[12] M. T. Gettman, G. V. Kondraske, O. Traxer, K. Ogan, C. Napper, D.

B. Jones, M. S. Pearle, and J. Cadeddu, “Assessment of basic human

performance resources predicts operative performance of laparoscopic

surgery,” J. Amer. Col. Surg., vol. 197(3), pp. 489-496, 2003.

3969


	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


