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EDUCATIONAL PRODUCTIVITY AND ITS MEASUREMENT


Education finance and economics researchers tend to investigate three types of efficiency when examining the efficacy of the schooling process (Mayston, 1996):

· Technical efficiency: Attempts to maximize student learning and organizational policy outcomes while utilizing given sets of financial and human resource inputs;

· Allocative efficiency: Attempts to maximize student learning and organizational policy outcomes, given prices for inputs and the effectiveness of management strategies, while utilizing financial and human resources in optimal proportions; and

· Total economic efficiency: Attempts to maximize student learning and organizational policy outcomes while pursuing allocative and technical efficiency simultaneously.


EDUCATIONAL PRODUCTIVITY AND ITS MEASUREMENT


Based on economic theories of the firm, these economic formulations assume that public organizations act similarly to private businesses; and accordingly, administrators of public organizations pursue cost-minimizing management strategies.

A generalized expression for a basic economic algorithm – a cost function (or a production function in the dual sense) – that is designed to predict levels of educational outcomes looks like:

Educational Outcomes = A Combination of (C, H, I, P, S)
where,

C represents community characteristics,
H represents household characteristics, 
I represents individual student characteristics, 
P represents peer influence characteristics, and 
S represents school resource characteristics.

EDUCATIONAL PRODUCTIVITY AND ITS MEASUREMENT


Mathematically, the algorithm described above can be represented as:


									             P
Ci =  +  BpYpi + ui
									            p=1

where,

Ci represents student learning costs,
  represents a computational constant, 
Bp represents the direction and degree to which Ypi influences student learning outcomes, 
Ypi represents numerous characteristics that influence student learning costs, and 
ui represents measurement error.



AN ALTERNATIVE CONCEPTUAL PERSPECTIVE ON EFFICIENCY


Researchers from Mises (1944) to Levin (1976) to Barnett (1994) to Rolle (2003; 2005) assert that educational organizations are structured for bureaucratic management – not for efficient management – strategies which are supported by centralized authorities, hierarchical rule orientations, and external (i.e., economic, political, and social) influences.


Put simply, research developing economic theories for bureaucratic organizations – and research regarding the behavior of public sector administrators – indicate that it is highly implausible that district and school administrators act to minimize costs (Barnett, 1994; Boyd & Hartman, 1988; Buchanon & Tollison, 1984; Downs, 1967, 1998; Grosskopf & Hayes, 1993; Hayes, Razzolini, and Ross 1998; Hentschke, 1988; Niskanen, 1968, 1971; Peacock, 1992; Rolle, 2004; Tullock, 1965).



AN ALTERNATIVE CONCEPTUAL PERSPECTIVE ON EFFICIENCY


As a matter of fact, trends in education organizations seem to be exemplified by continued increases in size, fiscal resources, and constancy – or decreases – in educational outcomes.


As a result, applying economic efficiency measures designed to incorporate the behavior of private industries seem to be inappropriate for public schools.


On the other hand, budget-maximization theory – a subset of collective choice theory – does seem appropriate (Niskanen, 1971, 1973). This alternative economic framework describes public schools as budget-maximizing agencies – as opposed to cost-minimizing organizations or output-maximizing – whose costs are determined by a sociopolitical process that acquires and distributes revenue (Duncombe, Miner, & Ruggiero, 1997; Romer & Rosenthal, 1984; Stevens, 1993).

RETHINKING EDUCATIONAL PRODUCTIVITY
AND ITS MEASUREMENT

Even if current cost and production function frameworks (i.e., combinations of inputs and processes generate output) are correct, scholars still need to conduct research that:

· Model actual relationships between human resources allocation, organizational incentives, and individual preferences;

· Improve statistical relationships between purchased schooling inputs and student learning outcomes;

· Determine the influence of non-purchased inputs and student learning outcomes; and

· Create incentives that transfer organizational and individual productivity efforts into pursuits of agency outcomes.



RETHINKING EDUCATIONAL PRODUCTIVITY
AND ITS MEASUREMENT

If current cost and production function research assumptions are proved only to be lacking, scholars need to:

· Expand the traditional two-stage production function relationship to acknowledge the complexity of educational production processes

(i.e., Inputs + Process = Outcomes becomes Dollars + Personnel + Quality-of-Personnel + Services + Quality-of-Services + I/E-Environment + Student Effort = Student Outcome);

· Examine more non-linear and hierarchical statistical relationships to acknowledge the complexity of educational production processes; and

· Examine the effects of time on statistical relationships to acknowledge the complexity of educational production processes.

RETHINKING EDUCATIONAL PRODUCTIVITY
AND ITS MEASUREMENT


If current cost and production function research assumptions are challenged, scholars still need to create improvements that question the:

· Assumptions that a general normative process for education exists;

· Assumptions that schools allocate resources to maximize student output;

· Assumptions that curricula, teaching methods, and student learning outcomes are aligned to maximize student output;

· Assumptions that teacher characteristics and credentials are proxies for quality of teaching; and

· Assumptions that teachers and students work optimally.

PRODUCTION FUNCTION ANALYSES:
CHARACTERISTICS THAT IMPROVE EDUCATIONAL OUTCOMES
(Monk, 1990; Hoenack, 1994; King and MacPhail-Wilcox, 1994; Porter, 2003)

· Appropriate Administrative Policies: High levels of collaborative management, low student-teacher ratios, and small class sizes;

· Appropriate Classroom & Curriculum Content: Appropriate pre-school preparation, student ability groupings, and instructional interventions for student at-risk of failure;

· Appropriate Fiscal & Physical Capacity: Adequate levels of per pupil expenditures, teacher salaries, and contemporary buildings and facilities; and

· Positive School Characteristics: Appropriate levels of teacher training, verbal ability, years of experience, and cultural diversity.


PRODUCTION FUNCTION ANALYSES:
CHARACTERISTICS THAT IMPROVE EDUCATIONAL OUTCOMES
(Deller & Rudnicki, 1993; Addonizio, 2009)

Despite these seemingly positive research results, educational production functions may be predisposed to show weak statistical relationships in at least two ways because:

· There is a casualness that surrounds the construction of statistical models used to estimate student learning outcomes (i.e., multiple statistical models are used); but no universally accepted pedagogical or curricular – and therefore no mathematical – structure exists for the educational production process.

· There is educational policy research that refers to the significant influences of community, household, and peer characteristics; but, no universally accepted definitions for the accurate measurement of these characteristics.


CONTEXT FOR STUDENT EFFORT ANALYSIS:
ROCKY TIMES IN ROCKY TOP


Most importantly, the one assumption that typically is ignored – and bothers the %#$^% out of me – but has profound ramifications for any research involving student learning outcomes and educational productivity is:


All students are performing optimally (i.e., students give maximum effort in their pursuit of learning), but no universally accepted determination of this optimality – or definition of its measurement – exists.




CONTEXT FOR STUDENT EFFORT ANALYSIS:
ROCKY TIMES IN ROCKY TOP
(Rolle and Liu, 2007)

Throughout the 1990s, the state of Tennessee transformed its educational finance landscape through a series of equity litigation known as Small Schools v. Tennessee I, II, III. The article examined empirically levels of horizontal and vertical equity generated by Tennessee's Basic Education Program from 1994-2003.

This study provides strong evidence that contradicts existing research studies that claim education finance equity in Tennessee has improved:

1) As local expenditures increase, ACT scores increase.

2) As the percentage of non-white students increases, ACT scores decrease.


CONTEXT FOR STUDENT EFFORT ANALYSIS:
ROCKY TIMES IN ROCKY TOP
(Rolle and Liu, 2007)

Long-term Educational Consequences:
The Influence of Expenditures and Demographic Characteristics on ACT Scores
1994-2003
	
ACT Scores
	
Standardized Regression Coefficients
	
ANOVA
	
Collinear

	
Year
	
State Dollars per Pupil
	
Local Dollars per Pupil
	
Pct. Students
in Poverty
	
Pct. Students
Non-White
	
Pct. Students
Special Need
	
F-statistic
	
Durbin-Watson

	1994
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	1995
	.072
	.306 *
	-.255 *
	.025
	.066
	4.822 *
	2.187

	1996
	-.087
	.293 *
	-.125
	-.139
	-.016
	5.053 *
	2.380

	1997
	-.106
	.250 *
	-.031
	-.291 *
	-.009
	4.334 *
	2.405

	1998
	-.049
	.295 *
	-.215 *
	-.055
	-.041
	6.057 *
	2.486

	1999
	.047
	.456 *
	-.054
	-.248 *
	-.091
	7.055 *
	2.414

	2000
	.098
	.447 *
	-.114
	-.147
	-.120
	6.004 *
	2.603

	2001
	-.123
	.319 *
	-.059
	-.240 *
	-.118
	4.471 *
	2.359

	2002
	-.200
	.203 #
	-.077
	-.226 *
	.026
	5.012 *
	2.406

	2003
	-.137
	.337 *
	-.040
	-.266 *
	-.053
	5.211 *
	2.210



*  denotes statistical significance at the .05 level
#  denotes statistical significance at the .10 level

INCORPORATING LEVELS OF STUDENT EFFORT
INTO EDUCATIONAL PRODUCTION FUNCTIONS

I had – and still have – lots of questions:

In light of what issues, concepts, or theories is “student effort” framed?

How does the research literature define “student effort?”

How does the research literature measure “student effort?”

What data constitutes “student effort” measures?

How does the research literature apply “student effort?”

What role did the researcher(s) or analyst(s) play?



INCORPORATING LEVELS OF STUDENT EFFORT
INTO EDUCATIONAL PRODUCTION FUNCTIONS

The student effort variable consists of four sub-components that were assigned values of “high intensity” or “low intensity:”

a) Level of student academic ability;

b) Level of student motivation to succeed;

c) Student perceived utility of academic engagement; and

d) Student time on academic tasks.



INCORPORATING LEVELS OF STUDENT EFFORT
INTO EDUCATIONAL PRODUCTION FUNCTIONS

These components do not act independently, so “characteristic combinations” denoting multiple levels of student effort were created:

1) H-H-H-H		5) H-L-H-H		9) L-H-H-H		13) L-L-H-H

2) H-H-H-L		6) H-L-H-L		10) L-H-H-L		14) L-L-H-L

3) H-H-L-H		7) H-L-L-H		11) L-H-L-H		15) L-L-L-H

4) H-H-L-L		8) H-L-L-L		12) L-H-L-L		16) L-L-L-L

Legend:

	GREEN		=	HIGH LEVELS OF STUDENT EFFORT
	YELLOW	=	MEDIUM LEVELS OF STUDENT EFFORT
	RED		 =	LOW LEVELS OF STUDENT EFFORT


INCORPORATING LEVELS OF STUDENT EFFORT
INTO EDUCATIONAL PRODUCTION FUNCTIONS

Based on these effort designations, three (3) categories of student effort were created:

1) High effort: Any subgroup of three or more “H” combinations (5/16) varied from approximately 67% to 100% of effort;

2) Medium effort: Any subgroup of two “H” combinations (6/16) varied from 37% to 100% of effort; and

3) Low effort: Any subgroup of one or less “H” combinations (5/16) varied from zero to 100% of effort.

After the random assignments of weight to each component, all four components – ability, motivation, engagement, time – were added forming a student effect scale that ranged from a value of zero up to a value of four.

	
INCORPORATING OPTIMAL OF STUDENT EFFORT
INTO EDUCATIONAL PRODUCTION FUNCTIONS

The Influence of Expenditures, Demographic Characteristics on ACT Scores
1994-2003


	Year *
	n
	State Exp
	Local Exp
	Pct. Students
	Pct. Students
	Pct. Students
	Student 
	F-Score
	Adjusted
	Durbin-

	 
	 
	per Student
	per Student
	 in Poverty
	Non-White
	Special Need
	Effort
	
	 R-Square
	Watson

	
	
	
	 
	 
	
	 
	 
	 
	
	

	1995
	117
	0.106
	0.306 *
	-0.249 *
	0.052
	0.066
	-0.226 *
	5.409
	0.184
	2.165

	
	
	
	
	
	
	
	
	
	
	

	1996
	116
	-0.082
	0.293 *
	-0.125
	-0.137
	-0.013
	-0.037
	4.210
	0.142
	2.376

	
	
	
	
	
	
	
	
	
	
	

	1997
	115
	-0.104
	0.250 *
	-0.032
	-0.290
	-0.008
	-0.011
	3.582
	0.119
	2.401

	
	
	
	
	
	
	
	
	
	
	

	1998
	114
	-0.052
	0.297 *
	-0.215 *
	-0.057
	-0.044
	0.046
	5.061
	0.176
	2.508

	
	
	
	
	
	
	
	
	
	
	

	1999
	115
	0.038
	0.457 *
	-0.055
	0.248 *
	-0.082
	0.071
	5.980
	0.206
	2.439

	
	
	
	
	
	
	
	
	
	
	

	2000
	115
	0.095
	0.447 *
	-0.114
	-0.148
	-0.118
	0.018
	4.966
	0.171
	2.605

	
	
	
	
	
	
	
	
	
	
	

	2001
	116
	-0.120
	0.316 *
	-0.059
	0.240 *
	-0.120
	-0.025
	3.932
	0.132
	2.305

	
	
	
	
	
	
	
	
	
	
	

	2002
	116
	-0.191
	0.202
	-0.083
	-0.223 *
	0.023
	-0.027
	4.158
	0.140
	2.402

	
	
	
	
	
	
	
	
	
	
	

	2003
	116
	---
	0.244 *
	-.334 *
	-0.066
	-0.050
	0.016
	2.519
	0.061
	2.165

	 
	
	 
	
	 
	
	
	
	
	
	 

	
	 
	
	 
	
	 
	 
	 
	 
	 
	

	* Denotes statistical significance at p <.05 level or better.
	
	
	
	
	
	



INCORPORATING VARYING (H, M, L) LEVELS OF STUDENT EFFORT
INTO EDUCATIONAL PRODUCTION FUNCTIONS

The Influence of Expenditures, Demographic Characteristics on ACT Scores
1994-2003

	Year *
	n
	State Exp
	Local Exp
	Pct. Students
	Pct. Students
	Pct. Students
	Student 
	F-Score
	Adjusted
	Durbin-

	 
	 
	per Student
	per Student
	 in Poverty
	Non-White
	Special Need
	Effort
	
	 R-Square
	Watson

	
	
	
	 
	 
	
	 
	 
	 
	
	

	1995
	117
	0.066
	0.239 *
	0.234 *
	0.078
	0.075
	0.243 *
	5.486
	0.187
	2.226

	
	
	
	
	
	
	
	
	
	
	

	1996
	116
	-0.089
	0.191 *
	-0.096
	-0.049
	-0.004
	0.386 *
	8.408
	0.277
	2.401

	
	
	
	
	
	
	
	
	
	
	

	1997
	115
	-0.075
	0.201
	-0.037
	0.224 *
	0.005
	0.244 *
	5.024
	0.174
	2.446

	
	
	
	
	
	
	
	
	
	
	

	1998
	114
	0.014
	0.224 *
	-0.193
	0.051
	-0.024
	0.407 *
	10.006
	0.322
	2.453

	
	
	
	
	
	
	
	
	
	
	

	1999
	115
	0.089
	0.360 *
	-0.005
	-0.153
	-0.082
	0.478 *
	14.269
	0.409
	2.201

	
	
	
	
	
	
	
	
	
	
	

	2000
	115
	0.180
	0.380 *
	-0.109
	-0.044
	-0.074
	0.423 *
	10.565
	0.333
	2.408

	
	
	
	
	
	
	
	
	
	
	

	2001
	116
	-0.103
	0.176 *
	-0.005
	-0.129
	-0.128
	0.540 *
	13.747
	0.397
	2.224

	
	
	
	
	
	
	
	
	
	
	

	2002
	116
	-0.079
	0.117
	-0.007
	-0.075
	-0.036
	0.639 *
	20.276
	0.499
	2.108

	
	
	
	
	
	
	
	
	
	
	

	2003
	116
	---
	0.119
	-0.130
	-0.007
	-0.080
	0.582 *
	14.984
	0.376
	1.969

	 
	
	 
	
	 
	
	
	
	
	
	 

	
	 
	
	 
	
	 
	 
	 
	 
	 
	

	* Denotes statistical significance at p <.05 level or better.
	
	
	
	
	
	



ANALYTICAL  SUMMARY


· Given that public choice economic assumptions may be more appropriate, consider alternative measures of educational productivity (e.g., as modified quadriform, stochastic frontier, distance function, and integral ratio analyses) not simply production functions.

· Given the acknowledged complexity of student groupings examined by educational production functions, entertain the notion that one general productions functions may be insufficient to analyze individual groups;

· Given that schools produce multiple outputs, it is necessary to examine theoretical and statistical relationships that use multiple output regression statistics; and

· Let’s remember the potential influence of optimality – or lack of optimality –assumptions have on educational productivity statistics.




WHY IS THIS TYPE OF 
CRITICAL THINKING IMPORTANT??


Out of the necessity to monitor

the multiple political contexts, policy developments, policy selections, policy administration strategies, and policy implementation processes in education accountability systems and their utilization of

Average Yearly Progress, Growth, and Value-Added Models.






AYP, GROWTH, AND VALUE-ADDED MODELS INFLUENCE EDUCATION ACCOUNTABILITY LANGUAGE

(ies.ed.gov/director/conferences/09ies_conference/ppt/mulvenon.ppt)

COVARIANCE MODELS
HIERARCHICAL LINEAR MODELS
LATENT GROWTH CURVE MODELS
RANDOMIZED BLOCK DESIGNS
REGRESSION/PROJECTION MODELS
STRUCTURAL EQUATION MODELS
UNIVARIATE & MULTIVARIATE MODELS



AYP, GROWTH, AND VALUE-ADDED MODELS INFLUENCE THE FORMATION OF ACCOUNTABILITY GOALS

(ies.ed.gov/director/conferences/09ies_conference/ppt/mulvenon.ppt)

THINK ABOUT CURRENT ATTEMPTS OR POLICY THAT:

1) IDENTIFIES STUDENT IMPROVEMENT AT DISTRICT, SCHOOL, AND CLASSROOM LEVELS…

2) ATTEMPTS TO PREDICT STUDENT PERFORMANCE LEVELS…

3) IDENTIFY CURRICULUM AREAS IN NEED OF IMPROVEMENT…

4) TARGET AREAS TO PROVIDE INSTRUCTIONAL SUPPORT IN NEED OF PROFESSIONAL DEVELOPMENT…




AYP, GROWTH, AND VALUE-ADDED MODELS INFLUENCE EDUCATION ACCOUNTABILITY EVALUATIONS

(ies.ed.gov/director/conferences/09ies_conference/ppt/mulvenon.ppt)

THINK ABOUT CURRENT POLICY CONVERSATIONS THAT DISCUSS:

1) WHICH STUDENTS DID NOT MEET EXPECTED GROWTH? 

2) WHICH STUDENTS DID NOT MEET PROFICIENCY STANDARDS?

3) WHAT IS KNOWN ABOUT THE STUDENTS’ PERFORMANCE THAT MAY INFORM FUTURE INSTRUCTIONAL ACTION OR INTERVENTION?

4) DO PATTERNS EXISTS THAT NEED FURTHER EXPLORATION?


BUT REMEMBER:

CHARACTERISTICS THAT IMPEDE PRODUCTIVITY PREDICTIONS
(Deller & Rudnicki, 1993; Addonizio, 2009)

Despite these seemingly positive research results, educational production functions may be predisposed to show weak statistical relationships in at least two ways because:

· There is a casualness that surrounds the construction of statistical models used to estimate student learning outcomes (i.e., multiple statistical models are used); but no universally accepted pedagogical or curricular – and therefore no mathematical – structure exists for the educational production process.

· There is educational policy research that refers to the significant influences of community, household, and peer characteristics, but no universally accepted definitions for the accurate measurement of these characteristics.


BUT REMEMBER:

CHARACTERISTICS THAT IMPEDE PRODUCTIVITY PREDICTIONS


Most importantly, the one assumption that typically is ignored – and bothers the %#$^% out of me – but has profound ramifications for any research involving student learning outcomes and educational productivity is:


All students are performing optimally (i.e., students give maximum effort in their pursuit of learning), but no universally accepted determination of this optimality – or definition of its measurement – exists.












Comments and/Questions
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