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Abstract—An approach is presented to improve engineeringed- It is evident that there has been a growing general consensus
ucation that is based on new concepts of systems performance andthat “outcome” is very important in education, as well as other
classic feedback theory. An important aspect is the use of General 5645 gych as health care. However, there is much less agreement
Systems Performance Theory (GSPT) to provide a performance . o]
model of the educational system and as a basis for the key outcome":_lbout what outcome is and how it should_be m_easured' Ineduca-
metrics: the volumes of performance Capacity enve|opes of indi- tion, when one talks about outcome one is ta|k|ng about students
vidual students. Feedback is aimed at achieving both better cur- and more specifically, their ability to perform in a given field
riculum design and teaching methods. In addition to conceptual of expertise. Thus, to better understand “outcome” it is asserted
issues, a web-based implementation plan and experimental valida- that it is essential to better understareformanceThe concept
tion plan is described. The quantitative modeling approach taken, f perf d v all f lif iallv d
including choice of appropriate levels of abstraction, has provided 0_ F_’er orme}nce pervades near y_a aSp_eCts otlire, especially ae-
better understanding of the system used to provide engineering ed- Cision-making processes associated with human and man-made
ucation and a basis for quantitatively linking components of the systems. Yet, it is not well understood theoretically and ap-
program to student performance in a causal manner. The educa- proaches to its modeling and measurement have been lagely
tional system performance model is discussed in the context of com- hoc regardless of the selected field. Despite this, neither prac-

petency models. It is believed that this approach holds promise for ... . - .
not only documenting a meaningful type of outcome but also for titioners nor researchers in education can be overheard saying,

providing insight into the rationale for steps taken in attempts to What we need is a good, comprehensive systems performance

improve an educational system. theory....” It is argued, however, that this could be part of the
Index Terms—Assessment, education, outcome, performance, &NSWer to general problems surfacing as specific problems in
performance capacity envelope, performance theory. different fields (such as education) that pertain to systems, tasks,

their interface, and the concept of “performance.” This paper
addresses the goal of outcome assessment from the perspective
of performance by using a relatively new body of work known
HE COMPLEXITY of engineering curriculum design (in-as General Systems Performance Theory (GSPT). Here, the key
cluding tradeoffs between “fundamentals” and “applicableystems of interest are an “education system” and “the student.”
skills”) is increasing and new avenues are emerging for edu@st-issue is insight into a cause-and-effect, quantitative under-
tion delivery such as distance learning, web-based and suppanding of the interface of these systems to the tasks they exe-
mented courses, etc. [1]. From a macroscopic viewpoint, edte.
cational programs run in largely an “open-loop” fashion. Feed- This work described is a component of a growing effort to
back from students is minimal, generally “too late,” and miprovide a more robust and scientifically sound conceptual basis
croscopic (e.g., “course” evaluations). Feedbalskutstudents for improving the quality education programs that builds on the
(especiallyhow wellthey integrate knowledge) other than fromauthors’ collective experiences and findings from the past 12
isolated courses is virtually nonexistent. The increasing cogéars. Previous work in human performance, systems perfor-
complexity, and importance of education to the nation has neance theory, and the application of these to training systems,
sulted in quality scrutiny. These collective factors have mottoupled with the authors’ experience as educators, have pro-
vated an emphasis on “outcome” [2]-[4], in attempts to clogkiced insights into generalizations regarding the contemporary
gaps between actual and desired educational program peréatucational process. This work is now being extended to suggest
mance. It is strongly felt that the combination of traditional and more rigorous, quantitative, and performance-oriented basis
new systems engineering methods provide a compelling bagis modeling “educational systems,” defining and measuring
for realizing progress in improving educational effectiveness.‘educational outcome,” and improving educational program ef-
fectiveness.

. INTRODUCTION
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quantitative treatment has evolved within specific applicationssk. If the point representing a task lies outside the envelope
where generalizations can easily be elusive. Performancehat task cannot be accomplished by that system; i.e., one or
multi-faceted, pertaining to how well a given system executesore performance resources émiting resources
an intended function and the various factors that contribute toGiven this perspective, it can be readily seen that a perfor-
this. mance capacity envelope with a larger volume contains more
GSPT developed by Kondraske provides a relatively netlvan one with a smaller volume. This can be interpreted as that
set of robust modeling constructs to explain how to model asgistem possessing a greater capacity to accomplish tasks; i.e.,
measure all aspects of system performance, characterize taklgsenvelope encloses more tasks. Inradimensional perfor-
and understand the interface of systems to tasks. GSPT wznce space with each DOP properly defined using the resource
initially presented [5] in the context of developing a model (theonstruct, the overall performance capacity is simply measured
Elemental Resource Model or ERM) for human performan@s the volume enclosed by the envelope; i.e., the product of
and human-task interfaces. Following initial presentation, @l the constituent performance capacities, assuming an ideal-
emerged as an entity separate from the ERM. While sorized (rectangular versus curved) envelope. Another way of inter-
modest refinements in both GSPT and the ERM have been madeting this is from the perspective of joint probability. Assume
[6]-[9], the basic approaches, terminology, and constructs ugbdt the measure along each dimension is a properly normalized
have remained quite stable. GSPT has been used to proviggebability (p;) representing the probability that the system in
conceptual basis for measurement and assessment in rehapigstion possesses enough of the performance resource along
itation [10], to define work site modification for individualsDOP “” to accomplish task £.” If the task makes demands
with disabilities as an engineering process [11], to compute both performance resources simultaneously (which is typ-
composite measures of performance in clinical drug trials [14§al), the probability of having sufficient performance resource
to objectively address gender issues in physical educatiavailability along DOP 1 and DOP 2 j5 x p, (assuming in-
and sport [13], to provide a quantitative measure of moticependence, which will not always be a perfect assumption).
guality [14], and to model and measure telerobotic systefese notions readily extend to situations in which ardi-
performance [7]. Applications in other areas are in progressniensional” performance space is considered.
has also been incorporated into the work of others [15]-[17].
Experimental studies designed to evaluate key constructs of the [Il. A PPLICATION TO EDUCATION

ERM have been carried out in the areas of vocal performancey systems engineering approach is taken that is centered

[18], upper extremity motor control [19], and characterizatiog,,nq the development of quantitative systems performance
of neuromuscular systems [20]. It has also been employﬁg)dels and applied to two hierarchical levels:
to derive a new method for task analysis and performance

- . . . 1) the overall educational system of interest, and
prediction called Nonlinear Causal Resource Analysis which : .
: . 2) major constituent subsystems.
has been demonstrated experimentally in the context of human

locomotion [21] and assessment of professional athletes [22 S0, the context for discussion is engineering educatlgn, al-
A key aspect of GSPT is the exclusive use of a “resourc hough concepts are generally adaptable to any educational or

ining program.
construct to model all aspects of system performance. Syste
are characterized as “possessing” different types and amountsC ;;?(r):]g? Spr;‘céi?ttﬁ:trpsz?’.rt]?eergto.dsu“ct ;éorstogtg#tt),, (%fot?;c?fj'
performance resourcdg.g., speed, accuracy, user friendlines§ 2" y ! : : u ’ "

etc.), each of which becomes a target for quantification effortstt%te :jhe tGaPT V|ew,f.|t IS hgllpful t? V|ew:ur}1gns g'seﬁ;?tUd?r?tZ)
determine “resource availabilities.” Each performance resource 2oaPiable, reconfigurable Systems. Applying methoas,

represents one dimension of a multidimensional performan%%e .f'rSt |q|ent|f|es the funct|_on assomate_d with thls_po_te_nnally
Itifunctional system that is to be considered. While it is pos-

space (i.e., a dimension of performance, or DOP); a goal le 1o do this at diff t levels of abstracti S
system characterization is to determine the “performance f’é— € to do fhis at diiterent [evels o abstraction, a view IS se-
pacity envelope” (PCE) for each subsystem. The powerful n(r)a_cted from the broadest level for illustrative purposes and it is
tion of a performance envelope first emerged in the aerospaceﬁﬂps'der?d th‘."‘t the function of mterest IS to do engineering
dustry. “Pushing the envelope” has become a widely employébe" engineering tasks)'. Thu.s, this functlonal'con.5|derat|on re-
but loosely defined, notion. The dimensions of performance a@ﬁ?sh'rt'hthe stu‘(‘zlentf_bem%”v;ewed ast ot%er?tmgt_m afmode n
metrics used with them in the aerospace world (i.e., speed, a 1ich they are “configured- to éxecute the function of an en-
tude, and range) naturally lead to a performance envelope. Sg&eer. This process facilitates dealing with the vast complexity

is not the case for many other systems. However, GSPT teacﬂegt.’man _systems,.allowmg a chus on Pne function (|.e;., one
how to achieve a performance envelope for any system. configuration) at a time. Separating this “student system” from

. o . . the educational system, focus is initially restricted to:
The visualization of a system in terms of its performance en-

velope greatly facilitates consideration of the interface of that 1) & System with some capacity to execute engineering tasks
system to a task. Any task can be modeled in terms of the de- (-8, the student) and,

mands it makes on each of the systems performance resource€) (e engineering tasks themselves.

Thus, each task is represented by a point in a multidimensiorl&}€ notion of the performance capacity envelope, as presented
performance space in which the performance capacity envel@@9Vve and illustrated in Fig. 1, is now relevant. Itis asserted that

is defined. If the point lies inside the envelope, that SySpest 1 thjs sense, the mathematics of performance and system-task interfaces is
sesseshe performance resources necessary to accomplish thatar to that of chemical reactions.
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DOP 2 employed for outcome determination at various stages of the
Label respective student’s progress are:
R.2 A Performance Capacity o _ _ _
D Taskk Envelope 1) digital logic and electronic design (for EE);
R,2 v 2) solid mechanics and vibration (for ME);
R.2 3) circuit theory, control system, dynamics, and thermody-
D Taskj namics (for EE and ME).

Fig. 2 brings together a number of these concepts in the
context of engineering education. lllustrative engineering
DOP 1 PCE's for three different students are shown, postured against
n p > Label the same engineering task (i.e., one that makes demands for
(0’0) RD Task k RD Task j RA H “ ” H H
certain “amounts” of circuit theory, control systems, and

_ L _ , _electronic design skills). Re-emphasizing an important GSPT
Fig. 1. GSPT-based characterization of 1) a system with two dimensions

of performance (DOP’s) considered and an idealized performance capa&@ncept’ the PCE volume represents an important smgle
envelope (representing performance resource availability) and 2) two differéiiimber outcome metric that is interpreted as the capacity of the
tasks as pointsX” (representing performance resource demands). Assessmef{dent to accomplish tasks that make demands on the skills
of the interface of this system to these tasks (i.e., Can this system successfﬁpllé f h £ This i b K
accomplish Task A?) involves determining whether the point lies inside t form the performance space. IS Is SO because tasks are
outside of the envelope. Note the importance of the resource constructvigwed quantitatively in terms of “how much” of each skill
defining dimensions of performance. An envelope is not obtained unless@.})?_, performance resource) is demanded in order to achieve a
the dimension labels represent desirable quantities (e.g., speed versus response . .
time) and 2) the process used to measure each quantity produces a Iagdgﬁn level of performance in that task. These numbers define a
numerical value when “more” of that resource is available. point in the relevant performance space. A larger student PCE
contains more “points” (tasks) and therefore the student has a
reater capacity to execute tasks of this type. It is clear also that
. . . . e same volume can be achieved in an infinite number of ways.
major determinant of overall educational system effectwene.Fﬁ . . ) .
us, when the task is not clear (i.e., a more “general purpose

and therefore the key outcome metric of interest. o . : .
o ' : view is desired or appropriate), the volumetric performance
The next objective is to define the performance capacity spaceé _ . " : e .
csaéjacny is appropriate. If a specific task or set of tasks with

in which a given student's PCE can be estimated. This prOC%nown demands is being considered, the performance capacit
is tied to the choice of the level of abstraction selected in identi; 9 ' b bacity

fying the function of interest to be considered. For example, it?slong. gach d|menspn must be individually considered. How-
possible to consider a more narrow function (e.g., “design of | ever, it is noted that if the product of task demands exceeds the

frequency passive filters”) than that selected previous| (eOIWCE volume, it is certain that the student will not be able to
q y P P y (e ¢complish the task. The multidimensional PCE volume can

to “do engineering”). This choice is obviously important in de; :
o . . therefore be a useful screening measure.
termining the dimensions of performance that form the perfor- ) ]
mance space in which the performance capacity envelope willNEXt, an edu’ca'qon program (e.g., such as one designed to
be determined. Thus, for the purpose of proceeding with théroduce BSEE's) is considered as a system that (ideally) pro-
presentation of key conceptual aspects of the proposed metHb§es People with “appropriate” PCE volumes. Viewed from a
(while maintaining a healthy respect for issues raised), a simgharticular level and type of abstraction, important subsystems
fied model of the student as an engineer will be assumed (ushhin this system are the curriculum (composed of lower level
a method commonly used in teaching). systems or courses) and the faculty (composed of lower level
The process of defining the performance space of inter&¥stems called instructors). While space prohibits detailed treat-
amounts to defining the constituent dimensions of performan@&nt, attention is now directed to the PCE's of these subsystems
(DOP’s)? GSPT teaches that DOP’s represent “unique qualiti@gd the overall educational system. Itis argued that, in a causal
of a system that contribute to how well that system executes Yi§W of the educational process, it makes intuitive sense that
function.” In the present context, one can begin by selecting réfie ability to achieve the goal of producing students with appro-
atively independent skill areas and associating each with a D@pate PCE'’s is dependent on the respective PCE's of courses
For example, consider electrical engineering (EE) and mech&Rd instructors. It may be less intuitive, however, to base the

ical engineering (ME) students. A set of DOP’s that might pRCE's of courses, instructors, and the overall educational pro-
gram on student performance capacities. But this latter thought
There b work o be done here i wing th st _is central to the motivation behind the proposed outcome-based
ere is much work to be done here in applying these concepts to any gi r :
curriculum and detailed discussion of approaches and alternatives is beyonﬁﬁggr_am assessment; i.e., the educational program performance
present scope. Nonetheless, while this process is recognized as challengind @il its components) are assessed by observing the outcome as
will likely have controversy associated with choices made, it is believed thgefined by student PCE’s. Does it make sense to measure the ca-
it can be accomplished with reasonable fidelity and acceptance through use. of . . . : . . -
well-known techniques such as the Delphi method, It is also recognized tl a%CIty of a circuit the_ory cour_se t_o impart circuit theory skill 'n_
this involves much of the same decision-making that is currently a necess&tyidents by measuring the circuit theory performance capacity
part of curriculum design (i.e., what should students in a given curriculum gf students who have been through that course? Different stu-
i 2 . . h .
given course know and know how to do?). . dents follow different paths in a typical educational program and
3The selection of DOP’s here is not intended to comprehensively cover the b d to diff . I diff
full curriculum of a program, but rather representative segments thereof. THEZY D€ €Xposed to diiferent instructors, as well as different text-

intention here is simply to illustrate the steps and general process. books with different topics (although the course number may

a student’s engineering performance capacity envelope is “t
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Fig. 2. Outcome expressed as engineering performance capacity using PCE'’s for three different students. The same engineering task (depomspecifie
performance space requiring™amount of electronic design skilly” amount of control systems skill, and™ amount of circuit theory skill) is also shown in
each plot. Students B and C can be seen to have performance resource deficiencies (of different types); they will not be able to accomplishtésk setbcted
their present performance capacities—but for different reasons. Note that the point representing the task lies outside of their respectivRIEESs.the point
representing the task lies within Student A's PCE.
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Fig. 3. Systems performance model of an educational program, including components that integrate performance-based outcome measurerasets into a cl
loop feedback scheme to achieve improvement in overall program effectiveness.

be the same). In addition, more than one course may contribtriled variable. The key concepts of the process represented are
to a given skill area as a student progresses through the as-follows:

riculum. Thus, it is argued that the notion of determining in- 1) program outcome is measured in terms of student PCE’s
structor, course, and program performance from student PCE's  determined through a testing process that is independent
makes good sense and that measurements should be made on a of individual courses;

program level (e.g., end of sophomore year, etc.) as well as on2) individual student PCE’s (composite and for each con-
a course level (i.e., instructors can adopt the PCE approach in  stituent DOP) are mapped to courses and to instructors
course design and test formulation). in order to create data sets for each of these entities
In Fig. 3, the systems performance modeling concepts intro-  (i.e., using course instructor, student history, test result
duced above are applied to an overall educational system and databases, and “rulesthat define the contribution of a

its subsystems. Also, subsystems associated with PCE measure- given course to different envelope DOP’s);

ment have been integrated in a manner that results in a classi®) data sets (individual student PCE’s) are weighted when
closed loop feedback control model in which student perfor-  appropriate (e.g., based on the amount of contact a given

marnce capacity (i.e., the avgrage of all students PCE_S' perhap?hese rules would likely be based on analysis of course syllabi to estimate
estimated by a representative sample of students) is the coa-elative contribution of a given course to a given DOP.
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student had with a given instructor) and processed statinathematical producof the averages of student performance
tically to estimate course, instructor, and program perfocapacities for each dimension of performance (e.g., circuit

mance; theory) in the respective program (e.g., UTA-EE, A&M-EE,
4) this information is made available to the appropriate edatc.). Note that a low score along any one dimension will result
cation professionals (i.e., feedback is achieved); in a low overall program score. Thus, this method will readily

5) where performance does not meet established critefiging to light major problems in any one area. It is also planned
changes are made that would be expected to lead to itn-explore the use of weighting factors (determined by accepted
provement. methods of obtaining expert consensus) in determining pro-

gram, course, and instructor performance metrics. However,
V. | MPLEMENTATION PLAN the main inputs are always student performance capacities.

Itis planned to implement and test the proposed approach jn
an incremental fashion. The process will start with a reasonable
representation of the overall process represented in Fig. 3 withirfExperiments are proposed that test the basic hypothesis that
one department (e.g., electrical engineering) and include omigtucational program quality can be improved through use of the
a subset of all skill areas. It is hoped that this will be used fgroposed system. It is unrealistic to expect that this hypothesis
educate faculty, administrators, and students to enlist supportéan be definitively answered in a short period of time with data
expansion to include other skill areas and other departmentsirom only one implementation site. There is confidence, how-

ever, that sufficient data can be gatheredsupportacceptance
A. Web-Based Performance Test Generator/Administrator or rejection of the hypothesis. For example, it is proposed that

Referring to Fig. 3, it is proposed that a Web-based Perf&P—e program be stgrted_by recruiting a minimum of 50 junior
mance Test Generator/Administrator will be used to determi Qd senior UG engineering students at Texas A&M and UT Ar-

student PCE’s. The test generator will produce an “engineeri rafton (W'tt)hban aappro?lmately equal EE/ME n;|x).. They ‘r']‘”"f
performance capacity” evaluation for a student who logs on e a web-based performance capacity test during each of at

a specified web site. A “test’ for a given dimension of perfor'-eaSt three semesterstptal of 150 “outcome” observations).

mance (e.g., circuit theory) will consist of a set of challengeTshe DOZ'S to_l;)edm%udedxvould be sw;:llar to thedrei)res_enta_—
randomly selected from a carefully generated library of «ellye set described above. At present, the system delay time Is

tasks” designed to stress students along the respective dinfd} semester.

sion. Ideally, these test tasks should be formulated by profes—The student PCE’s will be processed by the initial version of

sionals who arexternal to the education progrart is antici- the evaluation engine (which is expected to evolve in sophisti-

pated that alumni and industry representatives of departmelﬁ%r?n) 2as descgbed a;l:‘)‘(_)ve Ian((jj”utlhzed as fe(ej:_dback as ghown
advisory boards will be willing, if not eager, to participate in thid! ™19- tor? S}f set of “involve ., C_?_Erse coor _matorsban ".TI
process. The “test tasks” will also be designed to facilitate augructors (the “treatment group”). The remaining subset wi

mated performance scoring. Each participating student will B%mprise the “control group,” who will not receive feedback.

administered tests for each of the dimensions listed in StageT us, in addition to individual student performance capacities

The collective results will determine the student’s performané@vera” and for each DOP), data will be a\_/all‘able that Iep-
capacity envelope. As per GSPT, a single number final scdfsents course and instructor performance in “treatment Qnd
will be computed as the mathematical product of the capacitiﬁmrm groups for each of three semesters. One expects to find

demonstrated along each dimension of the relevant performaHia: Where “room for improvement” exists, treatment group
space course and instructor performance metrics (composites of stu-

dent performance capacities) for second and third data collec-
tion semesters will exhibit greater gains relative to the control

oup.

Experimental Plan

B. Educational Program Evaluation Engine

A special software package is envisioned that will servger
as a basic “evaluation engine.” Briefly (referring to Fig. 3),
this will utilize databases (student performance capacity,
course/instructor, and student course history) to determine—foin this paper, the use of GSPT concepts to develop an out-
a given student performance capacity associated with a spedifiene-oriented system performance model for an undergraduate
dimension of performance—a numerical score contributirengineering education system is described. Outcome-oriented
to the course and instructor performance metrics. This scanethods have traditionally focused on items that are the prod-
will in fact be the respective dimensional student performancets of an individual’s global “performance” in a particular en-
capacity (i.e., the “outcome”). Note that one-to-one mappingieavor [23]. If applied in the traditional manner to engineering
between dimensions of performance, courses, and instructedsication, this would require observations of former students in
arenot assumedFor each measurement period, actual coursé actual work environment. Feedback obtained from such ob-
and instructor performance metrics will be determined a&ervation may indeed relate to educational program effective-
statistics (mean, median, and standard deviation) of the appmess, but it is likely that the educational program in place at the
priately mapped student performance capacities. time such feedback was available is not the same that produced

Overall program performance (or a “limited” versiorthe observed individuals. Generally speaking, classical outcome
thereof, due to initial scope limitations) will be computed as thmetrics are not directly connected to particular skills (e.g. salary,

V. DISCUSSION
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number of projects completed, etc.) and may be based on qualiGiven this, there are also more substantial fundamental dif-
tative assessments. In fact, the qualitative character of most datences compared to other methods proposed or in use. First,
come-oriented methods is often viewed to be a strength of tités noted that GSPT is applied to obtain a complete systems
method [24]. The authors’ view of outcome attempts to fill @erformance model of an “educational system” as the primary
perceived void between such traditional outcome metrics aggstem of interest and not only to the individual being trained.
the data that is normally gathered from students while they arbe student is modeled as a subsystem within this system. These
in residence in an academic program. One finds this view of ottvo systems execute different functions (i.e., production of engi-
come to be in good agreement with that reflected in new ABETeers and the actual “doing” of engineering) and one addresses
standards [3]. In this sense, one focuses on the “more immediatsv well each function is executed in terms of PCE’s and links
outcomes” at different segments of the educational process (etigegm quantitatively. Furthermore, the use of GSPT results in a
at or near the end of sophomore and senior years) where not didynework to quantitatively link job tasks (measured in terms
the knowledge and skills from different courses, but also theif the amount of given performance resources required) to the
integration by the student, are of interest. gualities of the human that executes them (measured in terms
Some elements of the proposed approach are perh@pthe amount of given performance capacities available). This
more similar to competency-based education (CBE) methoerusal type, threshold dependent linkage is not only intuitively
[25]-[29]. The essence of this approach is attributed to McClglppealing because resource economics is pervasive in everyday
land [30] who advocated determining what leads to superitiie, but has also been experimentally validated in a number of
performance by identifying top performers and finding ouperformance-related contexts as noted earlier.
what they do. Since introduced, competency-based method&urther insight into fundamental differences offered the
have gained widespread use in human resource managemef@BT-based approach is evidenced by a definition of “a
well as in elementary and secondary education, but less scciinpetency” produced from the collective inputs of several
higher education. However, implementations under that laggindred experts at a 1995 competency conference [27]:
do not always faithfully replicate the original notion and there  “a cluster of related knowledge, skills, and attitudes that
exists what may be termed as different variations of CBE. Theaffects a major part of one’s job (a role or responsibility),
cited works on this topic contain a good deal of methodology that correlate with performance on the job, that can be mea-
(e.g. for identifying competencies in a given area) that can besured against well-accepted standards, and that can be im-
applied to facilitate implementation of the proposed perfor- proved via training and development.”
mance theory based approach. While it is has been argued bpere, attention is called to the expectation present in the
some advocating true outcome-based methods that the mgggeral community of training experts that the level of com-
presence of competencies does not guarantee that they willdegency available will correlate with level of performance on
used, itis felt that there is considerable merit to establishing tht& job. It has been argued rather extensively elsewhere [13]
level of certain competencies at selected points in an educatigil demonstrated through careful review of experimental
program. Clearly, if certain levels of skill are not present, therata using GPST constructs as a guide that it is a conceptual
will be no possibility that the desired workplace behaviors cédfaw to expect such correlations. This is due to the threshold
be observed. In this sense, the student PCE'’s are viewednagure of performance resource economics and the notion that
establishing necessary but not sufficient conditions for success level of success achieved in a higher level tasks (e.g., job
In comparison to CBE methods, the proposed approach feerformance) depends on the logical combination (i.e., AND
cuses on identifying skill areas, or dimensions of performandenction) of lower level performance resources. Multivariate
(which can be viewed as being analogous to competencies) aagression methods that have been the traditional tools of
determining how well a representative sample of individuafmedictive research ignore the presence of thresholds (i.e.,
execute in that area (i.e. versus what top performers or amynlinearities). Perhaps the best evidence speaking against the
other individuals do). Like the system advocated here, masidely held correlation belief is that there are no quantitative
CBE methods involve task analysis as the means used to identifyrelation-based models in widespread use for predicting level
the competencies (e.g., spelling, grammar, telephone skills fasfgob success. Other works within relevant fields demonstrate
secretary). However, these competencies are generally consitbng-standing need for a true rigorous framework for dealing
ered only in binary form (i.e., “required” or “not required,” fromwith performance [27], [31], [32]. This is perhaps most simply
the task perspective; “present” or “absent” from the human pevidenced by the absence of terms such as “capacity,” “en-
spective) or in a normative referenced way (e.g., below standavdlope,” and “dimension” in the index section of each of the
standard, above standard). In the GSPT view, each skill area@iied texts and the absence of any quantitative expression that
a continuous dimension to which a selected level of measusdtempts to mathematically related system characteristics to
ment resolution can be applied. Furthermore, the CBE methtagk requirements. In Landst al, a history of performance
includes no provision for combining metrics across differemheasurement (primarily related to humans) is provided that
competencies to obtain a single number “overall performanciélustrates the hunt for firm ground. Lastly, it is considered
for the individual such as the volume of the PCE as has beeateworthy that there appears to be no single or several seminal
described. Returning to the control system aspect of the modebrks that are consistently cited in training and education
GSPT provides the basis for the computation of a meaningfiierature that deal with the matters addressed here with GSPT
quantitative variable to be controlled (i.e., the average of the valnd a performance modeling approach. It is suggested that the
umes of a representative sample of student PCE’s). GSPT-based educational system performance model is novel,



98

IEEE TRANSACTIONS ON EDUCATION, VOL. 43, NO. 2, MAY 2000

can augment and provide further insight into methods suchtags many aspects required for prototype implementation, devel-
CBE, and also help address other enigmatic and long-standamment of various components, and experimental studies.

issues in training and education.

By integrating relatively new theory with current needs in a
real-world context, the engineering of solutions to anticipated
implementation issues will no doubt be forced. Many of the
steps required for implementation are only briefly addressed in[1]
this presentation. While some are straightforward, others suc
as defining DOP’s for a given program and development of test
and metrics that validly reflect the amount of a given perfor- [3]
mance capacity present will no doubt be more challenging. Re-[4]
liability and validity of web-based PCE determinations must
also be investigated and established. In understanding the eds]
ucational system, one should consider “taking a page from our[e]
own book.” In teaching circuit theory, one does not begin with
a diagram for a television or radar system, but rather a circuit
with one source and one resistor. In teaching statics, the first’]
problem considered is often a simple cantilever beam and not
a complex suspension bridge. These “simple cases” are essen-
tial to make clear the principles of nature at work and pro- [8l
vide the basis for systematic, structured modeling and evalu-
ation of more complex systems in which the same principlesi9]
apply. A similar, incremental approach is suggested for edu-
cational system performance model development. With somgy
obvious cautions, an analogy can be made in which an edu-
cational system is viewed to have aspects that are similar to a
manufacturing system. With a performance model such as thgtll
proposed as a starting point, there are substantial, proven ana-
lytic tools from the manufacturing world [33]-[36] that can be
readily adopted to help with the process of achieving improveé1 2
educational quality (i.e., “product” quality). In any case, full
implementation of the proposed methods cannot occur as the
result of any single project in an “overnight” fashion. Rather,[13
it is viewed as adding a missing component to an educational
program that requires a shift in the way of doing business. One
would anticipate first a recognition and understanding of the[14]
general framework and principles, followed by a gradual but
steady incremental development and incorporation of variouF1 5]
elements.

One notes that the approach taken is particularly well suited
to using the same outcome measurement tools (i.e., web-based
PCE tests) across different universities. In addition to improve({l1 °]
student performance capacities, another benefit is the potential
for lowering educational costs as related to efforts aimed at og17]
timizing program content [37]. If sufficient redundancy can be[lS]
trimmed from engineering curricula to allow average students to
graduate in four years rather than 4.5-5 years, the cost of pr o]
ducing engineers can be reduced as much as 20%. It is also an-
ticipated that interest from industry in using assessments of stu-
dent performance-based outcome will help guide the curriculurf?l
development process and also justify decisions made. The needs
addressed are critical in, but not unique to, engineering educ#1i]
tion. However, they are also present in educational programs
associated with any discipline. The performance theory-base[gz]
approach described is considered to be general and therefore
applicable to any educational program. It is hoped that these
views generate thought, critique, and perhaps action. Interest [i§3]
welcomed from those who would like to collaborate in any of

2]
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