
Abstract— Many different tests that address aspects of
human performance have been reported. Yet, critical issues
remain. The hierarchical organization of tests, the degree of
involvement of different human subsystems, and the
relationship between measures are often unclear. General
Systems Performance Theory provides the basis for a novel
analytic method, termed Nonlinear Causal Resource Analysis,
to determine task demands (i.e., analyze tasks) and predict
performance in complex tasks using only measures of lower
level subsystem performance capacities. Recently, we realized
new insights and discovery of a new application of these
concepts to address the issues noted. A quasi-objective
methodology is presented to identify hierarchical relationships
among performance measures. The method is applied to seven
different performance measures in a study of Parkinson’s
Disease subjects (n=197) exhibiting a wide range of disease
severity.  Resource economic interpretations of experimental
data using performance theory concepts were used to define
relationships between performance measures and to organize
them hierarchically. This method is anticipated to have broad
utility for identifying relationships between performance
measures.

I. INTRODUCTION

HERE is a plethora of tests that measure some aspect of
human performance [1], [2] and are employed in both

medical and non-medical situations. In medicine, issues such
as early disease detection [3], determination of disease
severity [4], and routine monitoring of rehabilitation
progress [5] have motivated the use of more objective and
quantitative performance tests. Yet, the hierarchical
organization of tests, the degree of involvement of different
human subsystems, and the relationship between various test
measures are often unclear. It is our observation that this has
contributed significantly to the incredible number and types
of tests proposed.  Here, we present and demonstrate a new
analytic method for obtaining insights into the issues noted.

General Systems Performance Theory (GSPT) [6], while
applicable to any system-task, was motivated by human
performance challenges. For insight into fundamental
principles, human system complexity was set aside and
focus was placed on simple hypothetical systems and tasks.

GSPT provides a first principles, conceptual, quantitative,
and hierarchical framework for modeling systems, tasks, and
their interface using a modeling abstraction that focuses on
the notion of  “performance”.

With GSPT, systems (and subsystems) are modeled as
possessing a set of “performance resources” that reflect the
unique qualities that characterize “how well” a given system
executes its function (e.g., accuracy, speed, strength,
endurance, etc.). The nonlinear, threshold-oriented
mathematics of resource economics are incorporated, which
simply states that resource availability (RA) must exceed
resource demand (RD) for “success” of a given system in a
given task (i.e., RA ≥ RD).  Multiple performance resources
are drawn upon by tasks; this thus extends to the logical
combination of resources; i.e., “sufficiency” (≥) is required
for Resource I AND J AND L, etc.  The concept of a
performance capacity envelope is derived from this
representation, the volume of which represents the capacity
of the system to perform tasks that make demands on
performance resources that form the multi-dimensional
performance space. A task analysis, performance modeling
and performance prediction methodology dubbed Nonlinear
Causal Resource Analysis (NCRA) was also developed
using GSPT [7]-[9]. NCRA not only estimates the level of
performance in a higher level task (HLT) supported by a set
of lower level or basic performance resources (BPRs), but
also identifies which BPRs limit HLT performance.

Fig. 1. Typical scatter plot obtained when the measured performance
capacity for a given subsystem drawn upon in a higher level task is
plotted against performance in the more complex task.

Fig. 1 provides insight into relevant aspects of the
GSPT/NCRA methodology. Here, the performance capacity
of a human subsystem that is clearly involved in the
execution of a more complex HLT is plotted against the
level of performance achieved in the HLT. Thus, each point
represents the subject’s performance capacity at two
different hierarchical levels. While it had been hitherto
common to fit a line “through the data” (i.e., a correlation
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approach), GSPT suggests a different interpretation.
Specifically, with resource economic thinking, one asks the
question: “What is the minimum amount of the basic
subsystem capacity required for a subject to be classified in
the ‘exceptional’ HLT category”? This logic extends to the
“fair” and “poor” categories, resulting in a curve termed the
“resource demand function” (i.e., lower boundary of scatter-
plot points).  The upper-left triangular distribution of data
occurs when both measures are defined such that a larger
numerical value represents better performance (i.e., defined
using a resource construct as per GSPT) [6] and the vertical
axis measure represents the availability of a BPR utilized to
achieve the HLT performance plotted along the horizontal
axis. The validity of these concepts has been demonstrated
experimentally, for example in [7]-[9].

In the current study, scatter plots are generated using
combinations of two selected performance measures. They
are then examined to determine the data distribution pattern
and relative hierarchical relationship between the plotted
measures. Typical outcomes are illustrated in Figs. 2-4.

Fig. 2. Performance Measure B is a “more basic” performance
resource drawn upon to achieve the performance exhibited in the
“more complex” HLT task represented by Performance Measure A.

      
Fig. 3. Performance Measure C is no different than A; i.e., they likely
represent different measures of  the same performance resource.

      
Fig. 4. (The inverse of Fig. 2). Performance Measure B (now on the
horizontal axis) is the “more basic” or required resource supporting
performance in the “more complex” task (Performance Measure A).

II. METHODOLOGY

A study was conducted using a de-identified data set from
our database.

A. Subjects
Data from 197 Parkinson’s Disease (PD) subjects (age 34-

90 years, 74% male, 26% female), who each had data for a
specific set of the measures of interest, was selected.

B.  Performance Measures
Two types of performance tests were included.  Paper and

pencil tests consisted of the Mini Mental Status Examination
(MMSE) and a Clock Drawing (CD) task.  The other type
included selected subsystem performance capacity measures
acquired with Models BEP I and BEP II (Human
Performance Measurement, Inc., Arlington, TX). The latter
[10] were designed to conform to Elemental Resource
Model constructs [6]-[8] and thus reflect measures of
performance resource availability.

1) MMSE: This test [11] is widely used as a quick and
simple means to screen for cognitive loss.  It tests
orientation, attention, calculation, recall, language and
simple motor skills.

2) CD:  This test [12]-[14] provides a quick and easily
administered evaluation of executive fuction (not completely
evaluated by the MMSE), spatial function, and neglect.  As
implied, subjects are required to draw a clock, putting in all
the numbers and setting the hands at ten past eleven. Clock
drawing was scored using the Mendez et al method [14].

3) Simple Visual-Arm Response Speed (VARS): This is a
classic visual reaction time test stressing speed of response
to a visual stimulus and renamed to reflect the resource
measured.   Using the BEP I (Fig. 5), the subject places their
fingertips on the central “Home” touch sensor and waits for
the visual stimulus (all eight lights simultaneously lighted).
The result is the reciprocal of the measured reaction time
(responses/s).  The average of the best 3 of 5 trials is used as
the measure of this capacity.

Fig. 5.  The BEP I Central Processing and Upper Extremity Motor
Control Performance Capacity Measurement System.

4) Visual Information Processing Speed (VIPS-4C):  This
is similar to the VARS test, but with higher load on visual
information processing as a function of the number of
choices presented.  A 4-choice load was used.  In this test,
one of the four center lights (LED3 thru LED6) is randomly
selected (equiprobable) to light.  The subject must react as
quickly as possible by moving their hand from the “home”
touch sensor to the touch sensor in front of the lighted LED.
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The reciprocal of the reaction time (stimuli/s) is computed.
The average of the best 9 of 12 trials (randomly distributed
across the four possible stimuli) is used as the final measure.

5) Finger Tapping Speed (FTS): This is an example of a
“rapid alternating movement” test, a general type of test
used in neurology to screen the integrity of neuromotor
subsystems. For FTS, the subject taps any one of six touch
sensitive regions of the BEP I instrument (labeled B1-B6 in
Fig. 5) "as fast as possible" with his/her index finger for 10s.
Subjects are instructed to restrict motion so that it occurs
only about the MCP joint (knuckle) of the index finger.
Software detects the first tap and tracks the number of taps
as well as the elapsed time for key events (e.g., finger
contact with or removal from a touch sensor). Various
performance measures are calculated, including average
tapping speed (taps/s), the primary measure in the present
study. The average from two trials is used as the final result.

6) Visual-Spatial Short-Term Memory Capacity
(VSSTMC): Eight touch sensors (A1-A8) and corresponding
lights (LED1-8) arranged in a semi-circle on the BEP I are
used.  The number of items correctly recalled is determined
after a stimulus consisting of a random sequence of the
spatially distributed lights is presented. Responses are
communicated manually via touch sensors.   Each trial
consists of multiple sequences with increasing memory
stress (up to 20 items) to determine maximum capacity.  The
best of two trials is used as the final result.

7) Neuromotor Channel Capacity (NMCC): This test is
based on the speed-accuracy tradeoff known as Fitts' Law
with additional conceptual support from GSPT.  NMCC has
been argued to be an objective, conceptually based measure
of coordination [15]. The six BEP I touch sensors nearest to
the subject (label B1-B6 in Fig. 5) are used. B2 and B5 (i.e.,
the narrow regions) serve as “targets”, while other flanking
regions record errors when the subject attempts to hit a
target.  During a 10s maximal performance reciprocating
(right-to-left, left-to-right, etc.)  “lateral reach-and-tap” task
that stresses speed and accuracy, NMCC (bits/s) is
computed. A familiarization trial is provided first.  The best
of two subsequent trials is used as the final result.

For lower extremities, the BEP II device was employed.
The paradigm is analogous to that described for the BEP I.
A four-limb NMCC measure (4LNMCC) is derived as the
mathematical product of the left and right upper and lower
extremity channel capacities [15].

C.  Performance Theory-based Graphical Data Analysis
Hierarchical relationships between measures were

systematically evaluated. Scatter plots were generated using
the following process: 1) a measure was selected and used as
horizontal axis data (i.e., making it a candidate representing
HLT performance; refer to Fig.1), 2) each of the remaining
six measures was then used as vertical axis data in separate
scatter plots (i.e., making each a candidate representing a
“more basic” subsystem performance capacity), and 3) steps
1 and 2 were repeated for each of remaining measures.   This
yielded 42 scatter plots, half of which were simply inverses
of other plots in the set.  The data distribution pattern in each
plot was subjectively evaluated (using Figs. 2-4 for

reference) to determine the relative hierarchical relationship
(i.e., identify which represents a lower level performance
resource and which reflects a HLT performance capacity).
The collective results were then logically assessed to
determine an overall hierarchy among all measures.

III. RESULTS

Two measures (VARS and VIPS-4C) produced scatter
plots with a pattern as shown in Fig. 3.  All other plots
except those involving the FTS measure, exhibited patterns
shown in Fig. 2 or 4. Examples are shown in Figs. 6-8.

Fig. 6.  Pattern suggests that MMSE is a “performance resource” for
VSSTMC.

  
Fig. 7.  Pattern suggests that CD performance is a “performance
resource” for 4LNMCC.

  
Fig. 8.  Pattern suggests that VARS is a “performance resource” for
4LNMCC.

Fig. 9. Illustration of relationships identified using the proposed method.
Dark lines/arrows represent the primary hierarchical order identified.
Dashed lines/arrows represent situations where the measures from the lower
positioned tests were determined to be “basic performance resources” with
respect to the measures to which arrows point.
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The relationships among all measures (except FTS) are
illustrated in Fig. 9. From lowest to highest hierarchical
level, the following order was found:   MMSE, CD, Visual
Information Processing Speed (VIPS-4C) and Visual-Arm
Response Speed (VARS) (both found to be at a similar
level), Visual Spatial Short-Term Memory Capacity
(VSSTMC), and 4-Limb Neuromotor Channel Capacity
(4LNMCC).

IV. DISCUSSION

No clear type of relationship was found between Finger
Tapping Speed (FTS) and any other measure, possibly
implying that it stresses some unique performance resource.

Data points representing a high level of subsystem
performance resource availability while HLT performance is
poor (e.g., as in Figs. 6-8) are explained by: 1) noting that
multiple lower level performance capacities are combined to
accomplish the HLT and 2) realizing that a capacity other
than that in the plot is limiting HLT performance.

The type of plot shown in Fig. 1 is a cornerstone of GSPT
and NCRA. Some may question the assignment of
independent (HLT performance) and dependent (a lower
level performance capacity) variables since HLT
performance can be viewed to depend on lower level
subsystem capacities.  However, during GSPT development
HLT performance was viewed as a known quantity (often
measured with subjective, Gestalt methods in complex
tasks).  A key question of interest was, “How much of a
given lower level performance resource is required (or
utilized) to obtain a particular level of HLT performance?”
This “unknown quantity” was viewed to be a function of
HLT performance; i.e., a greater amount would be required
at higher levels of HLT performance (thus the name
“resource demand function”).    We recently learned of an
interesting situation in the field of economics, no less,
pertaining to what may also appear to be unconventional
labeling of axes [16]. Alfred Marshall popularized what is
widely considered the most important graph in economics
and the hallmark of supply-demand modeling, that of price
versus quantity (presented earlier by F. Jenkin in 1870).
While some experts consider Marshall’s choice of axes to
simply be incorrect [16], others (e.g., [17]) have studied the
history and have put forth logical explanations.

The MMSE and CD address cognitve function and are
used for this purpose in PD.  While objective tests that focus
on motor performance are also used, they involve cognition
as well. For example, compliance with test instructions for a
test such as NMCC requires understanding and memory.
Thus, a good result in a test such as 4LNMCC can be used to
infer a minimum level of a cognitive performance capacity.

Clearly, any task can be the basis for a human
performance test.  This circumstance, along with others that
have been well noted [6], contributes to the lack of a
relatively small set of broadly accepted standardized
measures for human performance characterization.  The
human system’s architecture is the common denominator
across all diseases and injuries as well as sport, work, and
recreational endeavors. Thus, it is not unreasonable to
envision a set of such measures.  Methods such as that

presented here may help foster better test design,
interpretation, and standardization.

V. CONCLUSION

Using GSPT and NCRA concepts, a new method to
explore hierarchical relationships among performance
measures has been derived and experimentally
demonstrated. Subsystem performance capacity tests that do
not focus on cognition could have value in its evaluation.
The methodology and logic provide a new tool to study
human systems and tasks, especially test tasks and the
subsystems they target.
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