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Abstract  

 
Quantitative characterization of academic performance and competency have been topics of interest 
at all educational levels. Efforts generally include tests within major subject categories such as math, 
reading, and science with the diversity of categories increasing at higher educational levels. Such 
tests result in a score (for individuals or aggregated across individuals) for each category that is 
intended to reflect “performance”; i.e., a level of competency or mastery within the defined subject 
matter area (SMA). While individual SMA scores are used as part of individual and group 
performance reports, single number “overall performance” metrics are frequently also used. Such 
composite measures have traditionally been based on simple or weighted averaging.  General 
Systems Performance Theory (GSPT) suggested a fundamentally different, more conceptually 
sound, and intuitively attractive approach, based on the notion of a performance capacity envelope 
and computation of its volume. This paper presents the application this approach to the issue of 
composite measure formation in education contexts using realistic, illustrative example cases.  It is 
argued that the quantitative “amount” of academic performance capacity that is the intended 
characteristic of interest is more accurately reflected with the GSPT-based approach. 

 
Introduction  

 
Mathematical averaging of course grades has been a long-standing, traditional method to achieve a 
composite score reflecting an individual's or defined population’s scholastic performance1,2,3.  
Composites such as grade point averages (GPAs) and the mathematical sum of test result 
components on standard college entrance examinations serve as a basis for decision-making in job 
hiring and advanced educational admissions. Calculation of grade point average (GPA) is standard 
procedure in most schools.  One purpose assigned to GPAs is to predict which students will 
successfully complete a desired objective, such as graduating from college or performing a particular 
job.  Colleges routinely use the student's high school GPA and college entrance examinations in 
making admissions decisions. Yet, studies over many years have consistently shown that such 
measures are poor predictors of success2,3,4,5,6,7.   
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Any GPA is an average and therefore its computation requires the use of addition. However, this 
traditional computation ignores units of measure.  For example, the undefined and therefore unstated 
(but nonetheless present) units of math competency (“Einsteins”, perhaps) must be added to the 
unstated and present units of written composition competency (“Hemingways”?) in the computation 
of a GPA involving those two SMAs.  Other frequently used composites such as SAT and ACT 
overall scores incorporate the same additive process which implies that math and written 
composition competencies are interchangeable and a deficiency in one can be overcome by a surplus 
in the other.  This additive process is akin to computing an average with measures of units of 
physical force (newtons) with units of distance (meters) and disregarding the concept that these 
represent unique quantities.   
 
Addition-based composite measures of performance are found in many fields of endeavor. To 
compute an average of different quantities when units are actually recognized or impossible to 
ignore, normalization is often employed (i.e., dividing a measure by a reference value with the same 
units to make it appear that the units have “disappeared”.  However, they remain present 
conceptually (i.e., a math competency still represents math competency which is not the same as 
writing composition competency). 
 
Interestingly, GPAs have not only been used as predictors of success, but also as outcome measures; 
e.g., measures of academic success in higher education8,9.  It is argued that this further conflicts 
attempts to develop predictive models of success.  Many factors have been suggested regarding the 
relatively poor predictive power of GPA and similar measures of academic performance.  Continued 
manipulation of the variables using the same basic concept is not likely to result in improvements. A 
fresh perspective is warranted.   
 
Based on more recent developments in performance theory10,11, the most frequently used methods of 
composite score formation are argued to be flawed conceptually.  An alternate approach resulting in 
a grade point product (GPP) is presented and discussed.  New measures are demonstrated to be 
conceptually sound and are furthermore suggested to better reflect actual overall competency in a 
given course of study. 
 

General Systems Performance Theory 
 
Motivated not by a need or desire for aggregate measures, but rather as a basis for understanding 
human performance, Kondraske introduced GSPT10,11.  Its stated objectives11 are to provide: 1) a 
conceptual basis to define and measure all aspects of any system's performance; 2) a conceptual 
basis to analyze any task and facilitates system-task interface assessments; and 3) identification of 
the principles that explain success/failure in any given system-task interface. Briefly, all unique 
qualities describing a system’s capacity to execute its function are modeled using a resource 
construct.  A major GSPT concept is that of a performance capacity envelope (PCE). Each type of 
performance resource (e.g., speed, accuracy, strength, range, math skill, communicatin skill, etc.) is 
asserted to represent one dimension of performance (DOP) in a multi-dimensional performance 
space.  Measures of the amount available (RA) for each performance resource in this space define the 
systems’s performance capacity envelope (PCE).  
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Figure 1.  Key GSPT constructs are illustrated for illustrative case considering only two 
dimensions of performance (DOP) such as math (DOP 1) and communication (DOP 2) 
competency.  The system is characterized by performance resource availabilities (RA1, RA2) 
that define a performance capacity envelope.  Tasks are points in this space, each of which 
requires a specific amount of each performance resource.  The area (or volume) of the 
envelope represents the “number of points enclosed”; which reflects the capacity of that 
system to execute tasks that make demands on the performance resources in this space. 

Once system performance is characterized in this way, the PCE volume (i.e., mathematical product 
of RAs for a simple representation of any given system) is a rather obvious composite performance 
measure.  Kondraske and colleagues have suggested that this provides a strong conceptual 
framework for composite performance measure formation and have demonstrated its use in a range 
of applications including neuromotor control12,13,14, human motion quality/coordination15,16,17, 
disease severity18, brain performance capacity19, biomechanics20,21, diamond quality11, and 
education/training22,23. 

Methods 
 
To examine and contrast the behavior of GPP relative to GPA composites, illustrative cases were 
developed using hypothetical, realistic data.  A data set consisting of competency values for five 
different Subject Matter Areas (SMAs) and for five different representative students was created. 
Specific SMA types are not relevant.  For the present purpose, it is only necessary to assume that 
they represent different competencies. For illustrative purposes, some well-known areas (i.e., math, 
reading, writing, science, etc.) are identified.  Each of the five example students are defined to have 
competency scores covering a range from 60 to 100 on a 0-100 scale.  A set of n-dimensional GPA 
and GPP scores are computed, where “n” represents the number of SMAs included. 
 
A separate analysis was conducted to explore the behavior of GPP vs GPA in the context of a 
“change in competency level”.  Baseline values of 75 out of 100 are assigned to each of the five 
individual SMAs.  Two levels of relatively small change (i.e., 5% and 10%) relative to baseline 
levels are considered.  Once again, various n-dimensional GPA and GPP scores are computed and 
then the percent change from the respective composite baseline (i.e., GPA or GPP) is computed.  
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Results 
 
Data for individual SMA areas and computed n-dimensional GPA and GPA composites are shown 
in Table 1. 
 

Table 1. Individual Subject Matter Area (SMA) scores and corresponding GPA and GPP 
composite scores for five students representing different levels of SMA competency. 

 
 

 
Figure 2.  Comparison of the relative levels of competency communicated by GPA (same for 
2D thru 5D cases) and GPP composites for three of the five hypothetical student competency 
levels considered. 
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Table 2. Baseline and “change from baseline” scores in raw and “percent change” forms for 
SMAs, computed GPAs (2D, 3D, 4D, and 5D are the same), and computed GPPs. 

 
 

.  

 
 

Figure 3.  Graphical illustration of “percent change from baseline” scores for: 1) individual 
SMAs (levels for all five SMAs are the same), 2) GPA – nD (2D, 3D, 4D, and 5D are the 
same), and 3) GPPs for 2D through 5D cases.  Two cases are considered (5% and 10% 
decreases in each of the five individual SMA competencies) giving rise to GPA and GPP 
scores from which “percent changes from baseline” are then computed. 
 

Discussion 
 

Data in Table 1 and Figure 2 illustrate that GPA and GPP composites communicate very different 
levels of competency, with GPP measures appearing to be more sensitive. Note that GPAs for the 
five representative students are same for each competency level regardless of whether two, three, 
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four, or five SMAs are included.  Comparing each GPP – nD value to the corresponding GPA – nD 
value, one finds that the GPP communicates a rather dramatically less level of integrated composite 
performance capacity. Recall that, as per GSPT (see Figure 1), the volume of the performance 
capacity envelope is asserted to represent the capacity of the system (i.e., a student) to execute tasks 
that draw upon the performance resources that define the system in performance space (i.e., math 
and reading, math and reading and writing, etc.).  Which measure better reflects the true level of 
competency?  Does the student with scores of 60 in each of the five SMAs have 60% (GPA – 5D) or 
8% (GPP – 5D) of the capacity to do tasks that draw upon all five competencies (such as 
engineering). To further support the conceptual basis of this performance capacity envelope 
interpretation, the connection to joint probability (i.e., probability of having sufficient math and 
reading and writing competency) has been discussed elsewhere18,23. 

It is noteworthy that both GPA and GPP representation, computed with the same set of SMA values 
will provided the same rank order.  But again, rank order of some measure and capacity to execute 
tasks convey very different types of information. 

This begs the question, “What does a GPA really represent?”, versus what it has been somewhat 
relentlessly expected to represent.  Quite simply, it reflects average academic performance or 
competence across the constituent SMAs.  It is “forgiving” (misleading?) in the sense that it allows 
substitution of one competency for another. In doing so, it essentially disregards the notion of “pre-
requisites” and that a certain amount of a competency in each of a specific set of SMAs is required 
for success in complex task situations such as in an engineering educational program or job.  Which 
type of composite measure, GPA or GPP, embraces the idea that a given amount of competency in 
one SMA is a necessary but not sufficient requirement for success in such task contexts? 

Table 2 and Figure 3 were included to represent a situation that is often of keen interest in education:  
How are we doing?  Are we getting better or worse and – more significantly in the present context – 
by how much?  This type of consideration is nicely reflected by the well-known “Nations Report 
Card”24.  When the report indicates a small drop (e.g., 5%) in each of several SMAs, is the impact 
(i.e., the capacity to execute tasks needing those competencies) also only 5% (as would be reflected 
by GPA) or much greater (as would be reflected by GPP measures) as suggested by Figure 3?  While 
Table 2 and Figure 3 consider declines in group competency levels, the examples also suggest that 
small improvements in SMA competencies can have substantial improvements in complex task 
performance capacities.  The GSPT performance capacity representation indicates improvement in 
one SMA competency does not add to, but rather multiplies other competencies, to impact capacity 
to execute tasks that require multiple SMA competencies. 

The desire and need to aggregate measures of a similar character, especially those related to 
performance or quality, is no different in education than it is in many other fields. Despite the almost 
universal interest and ubiquitous appearance of addition-based composites, there is rather sparse 
literature available regarding the generic issue of composite measure formation. One interesting 
exception is in the field of global economics25, which describes the use of both the arithmetic mean 
(additive) and the geometric mean (multiplicative) to form aggregate measures. It may be of interest 
and insight to readers that both have been used at different points in time to compute the widely 
publicized United Nations’ Human Development Index26. 
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In addition to the applications of GSPT’s performance capacity envelope concept and product-based 
composites by Kondraske and colleagues, others have also taken note of and adopted the GSPT 
perspective on composite formation27-31. 

 

Conclusions 
 

Conceptual arguments differentiate the appropriateness of the GSPT-based composites over other 
approaches incorporating mathematical addition. Even if unstated, units of measure for components 
are recognized and retrained in the final composite so that an intuitive sense of the quantities 
measured, and dimensionality, is not lost.  While units of measure are not used currently for math, 
reading, science, and other SMA competencies, perhaps they should be. The stated interpretation of 
n-D GPPs is intuitive and supported by join probability. While scaling of measures used to 
characterize individual SMA competencies should be consistent across dimensions, no 
normalizations or transformations are required. 

Cited work in other application areas has addressed the issue of validating which type of measure 
(addition-based or product-based) better reflect true performance capacity. Product-based 
approaches have shown better correlation with gestalt human observation of performance ein 
complex tasks. Additional work is recommended to address such validation in educational contexts.  
It is suggested that many researchers are likely to have existing data sets that can be revisited from 
the GSPT performance capacity envelope perspective.  

The notion of a performance envelope can be traced to aircraft performance characteerization in the 
1940s32.  GSPT generalizes the concept to any and all systems, including human systems. Relative to 
use of GPAs without justification, it is argued to be more of a systems engineering approach to more 
meaningfully characterizing the aggregate collective capacities the creation and nurturing of which 
represent the ultimate goals of educational efforts. 
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