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(ABSTRACT)

This study (1) determines the information managers commonly need to make
decisions and initiate actions to improve performance, based on selected case studies, (2)
investigates and explains the features and issues involved with how the different versions
of TFPM address these information nécds, and (3) develops a teaching model of TFPM.

Based on the literature review, interviews with experts, and experiences with
applications, the features and differences of the available TFPM versions were explained,
providing sample applications whenever necessary. Using four selected cases, common
user information needs were identified and compared with results of previous surveys.
Alternative TFPM applications for each case were developed and evaluated using Archer's
(1978) Design Process as implemented with VPC's (1990) PRFORM software. Based on
the evaluations of the TFPM applications in each of the case studies, a teaching TFPM
model was developed incorporating the features of the available TFPM versions that most
appropriately responded to the common information needs. Some other features not
portrayed in the available TFPM versions were added to facilitate portrayal, understanding,
and acceptance for new users.

There are basically two models of TFPM - the Productivity Indices (PI) Model and

the Profitability = Productivity + Price Recovery (PPPR) Model. I proved that as



implemented with discrete variables, Gollop's Model is equivalent to the PPPR Model.
Various versions of these two models feature differences in deflation, aggregation of
outputs, inputs, and/or organizational units, treatment of capital, computation of dollar
effects of changes in performance, and how to use TFPM for planning.

The common information needs identified were (1) measures of a firm's past
performance using physical productivity related to profitability; (2) measures of individual
organizational units' productivity aggregated into plant, division, or firm level productivity;
(3) partial measures to explain what factors dr.ve the total performance measures; and (4)
evaluations of plans/budgets to ensure performance improvement.

Based on the evaluations of possible TFPM versions appropriate for each
application, REALST stands out as the most advanced and flexible version. However, it
has become too complicated for first-time users. Hence, the teaching TFPM model I have

developed is a simplified version of REALST.



Acknowl men

First of all, I thank the Lord for giving me the opportunity and the blessings to do
His Will and face this challenge .

I thank the Fulbright Foundation, the Philippine-American Educational Foundation,
the Institute of International Education, and Atlas Consolidated Mining and Development
Corporation for providing me with the opportunity to pursue my doctoral studies.

Dr. Scott Sink, my advisor, boss, mentor, and friend, told me the best way I could
express my gratitude to him is to "pay forward.” This I will do to everyone I can possibly
help in the future. I also appreciate the time, encouragement, and even the tough questions
from my Graduate Advisory Committee members: Drs. John Ballweg, Bob Brown, Pat
Koelling, Harold Kurstedt, Kostas Triantis, and Mr. Carl Thor.

I thank the VPC for the opportunities and the challenges and also the VPCers for
the quality of work life I have enjoyed. I'd like to especially mention Joy Davis, Greg
Sedrick, Paul Rossler, and Garry Coleman, who have directly helped me with the case
studies.

I appreciate the camaraderie of the Filipino Students' Association which helped me
balance my quality of life.

I thank all my relatives, especially my in-laws, and friends who have not only
shown concern but who have helped me and my family in whatever way they could during
these years as a poor graduate student. I especially thank my parents and sisters for their
support, encouragement, and prayers.

Finally, I dedicate this dissertation to my wife, Marvy, and our girls, Trixie, Trina,
Crissy, and Vica. Iknow you had to make sacrifices so I could achieve this goal. You not
only provided the inspiration that kept me going but you were always there when I needed

you.

v



Table of Conten

P\ o1 ¢:Te SO P O P PR ii

ACKNOWIEAZEIMENLS .ottt et e e e et e e eete e e et rranaananes iv

Chapter 1: The Problem and Its Setting........ccccceoimmiiiiiiiiiiiiiiiiiiimmiieeeeneees 1
Problem Statement ........ouiuiiiiiiiii e 1
Subproblems and Research Questions.........c..ccoeeviiiiiiiiiiiiinennennnn. 1

Subproblem 1: Determining Common User Information

Subproblem 3: What Constitutes a Teaching TFPM Model

for First Time USers? ......oiiiiiiiiiiiiiiiiir e e 3
Desired Outcomes and Outputs of the Research.............ccccoeeeiennene. 3
Why Am I Doing This Research? ............oooiiiiiiiiiiiiiiiiiien, 5

This Research Supports the Development of a Management

This Research Provides a Significant Contribution to the

Productivity Measurement Field............c.coooiiiiiiiiiiiiiiiiiiinnnn. 10
Background Information and Definitions Relevant to this Research...... 12
Chapter 2: How This Research Was Conducted.........cccoeeeeeiiirinnininneiieeeeeeneennnn. 16
What is Research? What Type of Research Is This? ....................... 16
Conceptual Framework of this Research...................coo. 18
Research Methodology ....o.ovuiiniiiiiiiii e 24
Limitations of the Research Methodology...........c.cccooiviiiiiiiinie, 35
. Chapter 3: State-of-the-Art of TFPM .......coiiiiiiiiiiiiiiiiiiiiieenn, e, 36



Davis (1955) Pioneered Total-Factor Productivity Measurement

Using the Productivity Indices Model ...................oooni. 36
SUMANtR (1979) 1ottt e et eir e eas 39
Econometric Model (Gollop, 1982).......c.ciiiiiiiiiiiiiiiiiiiiiiiiienn, 40

American Productivity and Quality Center (APQC, formerly APC,

10T 8 ) e it 44
MIiller (1984 ..ttt i et 46
VPC (1085) . oueiininiiei e e 46
LTV/VAPD (1986). . ..cueniiniiiiiiie i eeeeeeeee e 47
National Productivity Institute (NP1, South Africa, 1982)................. 48
General ObSErVAtONS .....ouiuineiiitiit e eiiereeeeen et eeneneaaannns 52
Summary of TFPM Models, Versions, and Features....................... 53
Productivity Indices Model.........ccccvvviiiiiiiiiiiiniicienenn, 58
Gollop's Model.....c.oiiiniiiiiiii e 61

Profitability ($) = Productivity ($) + Price Recovery ($)

Model......oii i 64
REAL ST e 66
LTV Challenge Budgets........cooeueiiiiiiiiiiiiiiiiiiiinne, 74
Chapter 4 - Pilot Case Study: Plant A Wants to Measure Overall Plant Performance....... 78
Major Findings, Conclusions, and Lessons Learned (Summary)......... 78
VPC Is Helping Plant A Implement TFPM ..........c.coooviiiiiiiiin. 79
Agenda of Two-Day Visit to Plant A........ccccoiiiiiiiiiiiiiieninn, 81

Plant A's Managers and IEs Are Concerned About the Following
Information, Decisions, and ACtiONS.........ccccvveeeeeerereenennn. 84

Resolution of Implementation and Data Collection Issues.................. 85



INDULS e 87
Alternative Models/Versions To Use for this Application................... %0
SCORBORD Can Provide Most of the User Requirements....... 90
REALST Can Provide All the User Requirements.................. 97

An Analyst Needs to Enhance Information Portrayal from
SCORBORD or REALST with Graphics ...........cccocvvuinnnen. 109
Action Items and Future Directions ............cocoeiiiiiiiiiiiiininnnnne. 112

Chapter S - Case #2: Division B Wants to Develop a Total-Factor Productivity

Measurement (TFPM) Application for Planning and Measurement................ 114
Case SUMMATY. ..ttt e e e e e e e e ennens 114
INroduction ... ..ot 114
Data Collection STategy ... ..ouvueininieiiiiiei e eaen, 116
Information Needs and Organizational Conditions.......................... 118
How TFPM Can Provide Division B's Information Needs................ 120

Some Notes on Activity-Based Cost (ABC) Accounting......... 121

TFPM/REALST Generates Reports for Department

Managers .. .ccoiiiiiiii e 123
REALST Can Generate "Challenge Budgets” ...................... 130
The LTV Version Computes Challenge Budgets on the

CONCIUSIONS . ... ettt ettt e e e e e 135
Chapter 6 - Case #3: Company C Wants Physical Measures to Supplement
Financial Measures. ... ..oouuiniiiiiiiiiii e e e et enaees 137

Case SUMMATY....cciiiiiiiiiiiiiiii e 137



INrOdUCHION . ..uvuiniiiiiniiin
How VPC Got Involved......cccoooiviiiiiiiiiiiiiiiiiinn.
Background Info on Company C........cooevviiiininiiceiennnnnnne

Data Collection Strategy ... .oooviiiniieiiiiiiiiie e
Briefings....coiiiiiiiiiiiiii
Documents/FOrms ReVIEW .......c.ouveuinieieniniiiiiiiiiiienennanen
INtEIVIEWS (.ot
WOrkShOp ....oceiiii i

Information Needs and Organizational Conditions..........................

How TFPM Can Provide Company C Operating Managers'
Information Needs ......cceveuiniiiiiiiiiiiiiiiii e
REALST Summary Reports Portray Overall Performance........
REALST Detailed Reports Help Analyze Variances and

Point Out Areas for Improvement...........................
REALST Can Generate "Challenge Budgets" ......................
REALST's Cost Reports Provide Information Similar to

Standard Cost Accounting.........cccceeeeuuiiiviinaiannnnn.

Conclusion: An Analyst Can Draw Out and Portray All the

Information Needed by Company C Managers from REALST Reports...........
Chapter 7: Center D Is Developing a TFPM Application to Track and Analyze

Performance, Evaluate Plans and Budgets, and Develop a Basis for

Gainsharing ... ..o e
Case SUMMATY. oottt
Introduction ......coiiiiiiii i

Data Collection, Retrieval, Processing, and Reporting...................

viii



Information Obtained ......cvviiiiiiiiiiiiiiiiiiiee e ierieeieeeeranianans 178

Past Performance..........ccoceoevviiiinn... e 178

Evaluation of Plans and Budgets...........cooeviiiiiiiinninnn.n... 184

Gainsharing Implications...............ceeveninns vttt 185

Conclusions and Lessons Leamed..........ccoooiiiiiiiiiiiiiiiinnnn.e. 186

Chapter 8: Data Processing and the Results of the Research..............ccocevvvevneninen.. 189
Common User Information Needs..........coevviiiiiiiiiiiiiniinenininan, 189

Evaluation of Available Versions as Applied to the Case Studies ......... 193

. Teaching TFPM Model Development.........c.oooveiiiiiiiiiiiiiiniinnn.. 197

Evaluation of Teaching TFPM Model........cccooouviiiiiininnnnnniannnnn. 205

PRFORM Evaluations of the Teaching Model as Applied to
the Case Studies........oooviiiiiiiiiiiiiiiiiii 205

Comparison of the Teaching Model Features Against Related

| BTG 1) S P 206

Chapter AppendiX .......o.iuiuininiiriiie e 208

PRFORM Evaluations .........cociuiiieiniiniiniiiiieniniiininne. 208

Transformation Curves Used in the PRFORM Evaluations....... 212

Chapter 9: Conclusions, Lessons Learned, and Further Research Directions ............. 222
Common Information Needs........ccooeveiiiiiiiiiiniiiiiiiiiiiiiireennnen. 224

Main Features and Differences of Each TFPM Version .................... 226

_ The Teaching TFPM Model I'm Proposing Provides for the

Common Information Needs....coovoiuiiiiiiiiioieiiiiiieinnnes 230
LessOns Learned. oo ittt e eaanaes 234
Start SImMpPle . .o e 236



Archer's Design Process Could Be Implemented Using

PRFORM and Could Be a Standard Process for

Designing, Developing, and Evaluating the

Appropriateness of TFPM Applications. .................

Future Research Directions..........ccccoeviimiiiiiniiiciiiniiicnnennee.
Use of production functions to define resource variability ......
Relationships with other performance measures..................

YN 3 11 o (P

Appendix A - Mathematical Models...........cooiiiiiiiiiiiiiiiiiiiii e
Productivity Indices Model........cooooiiiiiiiiiiiiiiiniiiiieceiee e,

Profitability = Productivity + Price Recovery Model .....................

REALST Performance Indices.......c.cceviiiiiiiniininnnnnnne.

APQC Dollar Effects Computation............coceveeeiennenenn..

% IS LS 3 o) RN

Gollop's Model Is Operationally Equivalent to APQC/VPC Versions...
Appendix B - Interviews of EXperts ...........ccocevuiiiiiiiiiniinninenn. e

Frank Gollop, Ph.D., Boston College (2 February 1989)...............

Carl Thor, President, American Productivity and Quality Center (21

February 1989) ..ot

David Miller,Ph.D., Director, Alabama Productivity Center (22

February 1989) .....c.ciiiiiiiiiiir e



David Sumanth, Ph.D., Director, Productivity Rescarch Group,
University of Miami (22 February 1989)......ccccccovvvninenanenen. 261
Shoni Dhir, TFPM Champion of LTV/Vought Aero Products (5

July 1990). . i 261

Appendix C: Raw Data on Interviews/Meetings With USers.......cccccceevvevercnnennn. 263
Plant AL e 263

Division B.. ..o 264

1607111011 GO PP PP 265

DIVISION A ..ot 266

Division B. ..o e 267

Division Do 267

Division E ... 267

Center D oo e e 267

VA e 270



List of Figur

Figure 1.1
Reasons For Not Using TFPM (APQC, 1985)....cccciueimimimmuininnnnnnn. 6
Figure 1.2
Why Is TFPM Underutilized? ..........coooiviniiiiiiiiiiiiiiiiiniinenenne. 8
Figure 1.3
TFPM Is a Management Tool (adapted from Kurstedt,1986 and
Sink, 1989) ... e 9
Figure 1.4
Management Systems Analysis Step 3 Focuses on Measurement
Systems Development (Kurstedt, 1986 as adapted by Sink, 1989)................ 12
Figure 1.5
Picture Definition of TEMMS .....ovivinininiiiiiii i 15
Figure 2.1
Research and Development Process..........cccccoviiiiiiuiiiiiiiiicreeneeneeeneeennnns 18
Figure 2.2
Conceptual Framework of this Research.................cooooiiiit. 20
Figure 2.3
Another Perspective of the Conceptual Framework of My Research ..... 24
Figure 2.4
How I Defined My Research Problem and Methodology .................. 26
Figure 2.4
Transformation Curve for Measure Portrayed .............c..ooooiiinn. 31
Figure 2.5
Case Study Process for My Research.................. ererreeeteteea—— 32



Figure 3.1

Profitability = Productivity x Price Recovery.........c..coovoiiiiiiini. 45
Figure 3.2

Conceptual Model of TFPM .....coiiniiiiiiiiiiiiiii e 49
Figure 3.3

Strategic Grids........ooovviiiiiiiiiiiii 50
Figure 3.4

Differences Between APQC/VPC's Version and REALST ................ 51
Figure 4.1

Plant A's Plant Input/Output Analysis.......ccovuiiiiiiiiiiiniiiienneinnen. 80
Figure 4.2

Plant A's Plant Workflow..... ... 83
Figure 4.3

Plant A Strategic Grid.......coccoooiiiiiiiiiriiiiiiiiiiiiie e, 111
Figure 4.4

Dollar Effects of Changes in Productivity and Price Recovery on

Profitability. .o e 112

Figure 5.1

Division B's Organizational Structure .............ccooiiiiiiiiiiinin, 115
Figure 5.2

Department D Needs a "Salvage"” Strategy .........coevvvviiiiiiineninennen. 127
Figure 6.1

-Company C Organizational Structure ...........c..ooeveininineieneennnnen.. 139
Figure 6.2

Company C Planning Calendar............coooviviiiiiiniiiiiiiininininnnne. 140



Figure 6.3

Company C Plastics Department Strategic Grid ...............ocveieenen
Figure 6.4
Dollar Effects of Changes in Labor, Materials, Assers, and Total-
Factor Productivity, Price Recovery and Profitability .............ccoooiiiiiin.
Figure 6.4
Similarity and Difference Between Standard Cost Accounting and
REALST Cost Variance Analysis .......c.ooevieuiiinniiienenienernenenineeaeanenaenes
Figure 7.1
Profitability is Driven By Price Recovery...........c.ocooiiiiiiiiiinn,
Figure 7.2
Labor Profitability Together With Materials and Facilities Drive
Overall Profitability ........coooiiiiii i
Figure 7.3
Labor Productivity Drives Total Productivity..........ccoooiieiiiiiinne.
Figure 7.4
Labor Price Recovery Drives Total Price Recovery...............ooonie.
Figure 8.1
APQC/UCCEL Survey Results on Reasons for Using TFPM ............
Figure 8.2
Portrayal of Dollar Effects Transformation Curve..........ccccceeeenee.
Figure 8.3
Portrayal of Dollar Effects Transformation Curve........ccccccceernenee.
Figure 8.5

Xiv



Bar Charts Show Dollar Effects of Changes in Profitability,

Productivity, and Price Recovery for Partial and Total-Factors .................... 203
Figure 8.6
Performance Indices Transformation Curve ............occovviiiiiiiinn.. 212
Figure 8.7
Aggregation Feature Transformation Curve.........cccocccvveeereeiininnns 213
Figure 8.8
Input / Output Matching Transformation Curve ......... et 214
Figure 8.9
Choice of Base Period Transformation CUTVe .............veeeeeeereeennen. 215
Figure 8.10
Level of Detail Transformation Curve ..........c.ccoeviiiiiiininiiinnn.n. 216
Figure 8.11
Inclusion of Capital Input Transformation Curve ............cccoeeeeeen.... 217
Figure 8.12
Capital Investment Change Transformation Curve............c....coeuenn.. 217
Figure 8.13
Use for Planning Transformation Curve ..........c.coiviiiiiieniiiinnne. 218
Figure 8.14
Analysis By Product Transformation Curve...........c.cooeeviiieieine. 218
Figure 8.15
Unused Data / Features Transformation Curve ...............oooiviiinnnn. 219
Figure 8.16
Software Support Transformation Curve........c.cccecceevviiieeiinnnnnnnen. 219
Figure 8.17

XV



Company C Period Length Transformation Curve..............c..ccoeoen. 220

Figure 8.18
Indirect Costs Allocation Transformation Curve .............cocooeveinen.ns 221
Figure 9.1
Analysts and Managers Need to Regularly Review the Interpretation
of the Data and/or Information from the Management Tools........................ 236
Figure 9.2
By Measuring Productivity, Price Recovery, and
Profitability, TFPM Measures the Balance of Overall Performance................ 239

Gollop's ModEL.....cuuiiiiiiii e 253

Xvi



List of Tabl

Table 1.1
There Are at Least 13 TFPM Models/Versions ...........cccoeiviiiienne... 2
Table 2.1
Demographic Data of the Selected Cases.........c.ccovvuivviiiiiiininann.n. 27
Table 2.2
PRFORM Will Be Used to Evaluate How Each TFPM
Model/Version Satisfies Information Needs ...........c.cocoieiiiiiiiiiiiiiinnnn, 30
Table 2.3
My Research Parallels Eisenhardt's (1989) Case Study Process.......... 34
Table 3.1
Productivity Indices Model - Davis' VErSion ..............ovevevrvrveseenne, 38
Table 3.2
Gollop's Model....oniiiiii i e 42
Table 3.3
Gollop's TFPM Model - Corporate Income and Productivity
ALY SIS oottt e 43
Table 3.4
Budget Calculation with Inflation and 4% Productivity Target (VPC,
L0860 et e e et et et e e e enen 48
Table 3.5
Summary of the Features of TFPM Models/Versions ...................... 57
Table 3.6
FIMM A DAL . ..onininii ettt ee e enenes 58
Table 3.7

xvii



Productivity Indices Model.......cccooiviiniiiiiiiiiiiiiiiii 59

Table 3.8

Firm Raw Data, Plant X Output =Plant Y Input....................ool. 60
Table 3.9

Sumanth's Model Applied to Table 3.8 Data.........ccceveevnuieiuneennne 61
Table 3.10

Gollop's Model.......oiiiiiiii i 62
Table 3.11

Gollop's TFPM Model - Corporate Income and Productivity

N 1213 L P N 63

Table 3.12

Gollop's Model Does Not Apply to Independent Plants................... 64
Table 3.13.1

SCORBORD Data from Table 3.8 .........cocceiviiiiiiiiiiiiiiinenee. 65

Table 3.13.2
SCORBORD Weighted Change, Cost/Revenue, and Productivity
RIS . e e 65
Table 3.13.3
SCORBORD Weighted Performance Indexes and Their Dollar

Table 3.14.1

REALST Raw Data Report for Plant X........cccccooivinniniiinnnnin, 67
Table 3.14.2

REALST Raw Data Reportfor Plant Y.................oo 68
Table 3.14.3



Table 3.15.1

REALST Consolidated Data Reportfor Firm A ..............coooieinie. 68

REALST Detailed Analysis Profit Report for Plant X ...................... 70
Table 3.15.2

REALST Detailed Analysis Profit Report forPlant Y ...................... 70
Table 3.15.3

REALST Consolidated Detailed Analysis Profit Report for Firm A ...... 71
Table 3.15.4

REALST Executive Report for Profit Reconciliation ....................... 71
Table 3.16.1

Consolidated Firm A Detailed Analysis of Cost Changes................... 72
Table 3.16.2

Consolidated Firm A Executive Report of Cost Performance.............. 72
Table 3.16.3

Consolidated Firm A Cost Reconciliation Executive Report................ 73
Table 3.17.1

REALST Challenge Budget Screen.......cvvvviiiiiiniiiiiiiinennnnen.. 73
Table 3.17.2

REALST Challenge Budget.........cooiiuiiiiniiiiiiiicieiiinienen, 74
Table 3.18

Budget Calculation with Inflation and 5% Cost to Sales Target

RedUCHION. .o 75

Table 3.19.1

Budget Calculation with Inflation and 5% Productivity Target............ 76
Table 3.19.2

Xix



REALST Challenge Budget with Capital Expense Changing Just

Like Other RESOUITES .. .uuuvnutitirteitietiitiitieiieiteeeeraeenneeeeenaeaenanns 76
Table 4.1.
Sample Inputs and OuUtPULS.......covvuiiiiiiiiiiiiiiiieeee et 89
Table 4.2.1
SCORBORD DataforPlant A..........cooiiiiiiiiiiiiiiier e 91
Table 4.2.2
SCORBORD Change, Cost/Revenue, and Productivity Ratios ........... 91
Table 4.2.3

Table 4.3.1

Table 4.3.2

Table 4.3.3

Table 4.4.1

Table 4.4.2

Table 4.4.3

Table 4.5.1

Table 4.5.2

SCORBORD Performance Indexes and Dollar Effects on Profits......... 93

SCORBORD Data for ManufacCturing.......ccceeeeveeeieeeereneriiinnnnennen. 93
SCORBORD Change, Cost/Revenue, and Productivity Ratios ........... 94
SCORBORD Performance Indices and Dollar Effects on Profits ......... 94
SCORBORD Data for Packaging........ccccccceemmiiiiiieciiinninnnnnenn, 95
SCORBORD Change, Cost/Revenue, and Productivity Ratios ........... 95
SCORBORD Performance Indices and Dollar Effects on Profits ......... 96
REALST Data and Change Ratios for Manufacturing ...................... 99

XX



Table 4.5.3

Table 4.5.4

Table 4.6.1

Table 4.6.2

Table 4.6.3

Table 4.6.4

Table 4.6.5

Table 4.6.6

Table 4.6.7

Table 4.7.1

Table 4.7.2

Table 4.7.3

REALST Data and Change Ratios for Warehousing........................ 99

REALST Data and Change Ratios for Packaging ....... e 100
REALST Consolidated Data and Change Ratios for the Plant............. 101
REALST Dollar Effects for Manufacturing .............cooveviiiiinininnn. 102
REALST Dollar Effects for Warehousing..........ccooeeiiiiiiiininnnnn.. 103
REALST Dollar Effects for Packaging ..........ccoooovviiviiiniiiiiinn.. 103
REALST Dollar Effects for the Whole Plant...............c.oooieiieanint. 104
REALST Control REPOrt.....cviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieaans 105
REALST Management REPOrt .......o.iieeiiiiiiiiiiiiieaiieeeaeneen, 105
REALST Executive Report on Overall Plant Performance ................. 106
REALST CoSt RePOIt.ccuiiiiiiiieiiieiieeeeee et et 107
REALST Executive Report on Cost Performance........................... 107
REALST Cost Reconciliation Report..........ooeceiviiiiiiiiiiiiiiinnnnn. 108



Table 5.1.1

Raw Sample Data Report for Department D.........ccoovviinniinnnennn. 124
Table 5.1.2
Raw Sample Data Report for Department D (cont'd) ....................... 125
Table 5.2.1
Summary Management Report.........ccocoeviiiiiimniceriiiinniicrnnenaenens 126
Table 5.3.1
Analysis of Department D's Profitability, Productivity, and Price
RECOVETY .o 129

Table 5.3.2
Analysis of Department D's Profitability, Productivity, and Price
ReCOVETY (CONLINUEA) ... euvieiiitiiiitiiiiiit i re e et eae et et ceneeeeneenaeaenans 130
Table 5.4.1

REALST Challenge Budget Set-Up.....ccooovveviiiiiiiiiiiiiiiiiinnnes 131
Table 5.4.2

Challenge Budget Generated by REALST ........ccooiiiiiiiiiiiinan.e. 132
Table 5.4.3

Challenge Budget Generated by REALST (cont'd)..........cceveinennnnn. 133
Table 5.5.1

Management Report Evaluating the Challenge Budget...................... 134

Table 6.1.1

Company C Plastics Department 1987 First Quarter Operating

Table 6.1.2

Xxii



Company C Plastics Department 1987 First Quarter Operating

ReESUIES  (COME A )ittt e e ee e rraearetaseesenaenes 149

Table 6.1.3

Company C Plastics Department 1987 First Quarter Operating

ResSUltS  (COME'A) ittt e e ra s e eneens 150

Table 6.2.1
Management Report on Profit Changes from January to February........ 151

Table 6.2.2
Management Report on Profit Changes from January to March........... 152

Table 6.3.1

Table 6.3.2

Table 6.3.3

Table 6.3.4

Table 6.4.1

Table 6.4.2

Table 6.4.3

Table 6.4.4

Profit Detailed Analysis........ccooominiiiinii 159
Profit Detailed Analysis (cont'd) ........cccooviiiiiiiiiiiiiiena 160
Profit Detailed Analysis (cont'd) ........cooeieiiiiiiiiiiiiiiiiieee, 161
Profit Detailed Analysis (cont'd) ........ccocoiiiiiiiiiiiiiiiiiiiiinin, 162
Raw Data Report ..o 163
Raw Data Report (cont'd) ......ccvvuiiiiiiiiiiiiiiiiiiiiiciicinneee, 164
Raw Data Report (cont'd) .......ccoooviiiiiiiiiiiiiiiiiiiiiin, 165
Raw Data Report (cont'd) ........oviiniiiiiiniiiiiiiii i 166



Table 6.4.5

Raw Data Report (cont'd) ......coeeuiiiiiiiiiiiiiiiiiiiiicic i 167
Table 6.4.6

Raw Data Report (cont'd) .....cooevuiiriiiiiiiiiiiiiiiiiiii e 168
Table 6.5.1

Challenge Budget Parameters. ... ..ocueeeiiiinniniiiiieieneiennieanenenennans 169
Table 6.5.2

Management Report for Challenge Budget................ccoooiiinint. 170
Table 6.6.1

Management Report on Operating Costs .........ooeiniieiiiiiininiinennn.. 172
Table 6.7.1

Cost Reconciliation Executive RepOTt..........cccocevoveverueueuerneeennnss 173
Table 7.1

Summary of Results of REALST Evaluation Runs for Monthly

Average Budgets Vs. Past Performance...........coooviiiiiiiiniiiiiiiiiiinienn.. 185

Table 8.1
Summary of Weighted Information Needs from the Case Studies........ 190

Table 8.2

PRFORM Evaluation of the SCORBORD and REALST
Applications to PIant A ... . i e 196
Table 8.3
Summary of PRFORM Evaluations of Each of the Versions Applied
to Each of the Cases.....cocoiiiiiiiiiiiiiiiiiiii e 197
Table 8.4
The Teaching TFPM Model in Spreadsheet Format..........ccccccenneeeee 200

XXiv



Table 8.5
REALST and the Teaching TFPM Model Avoid the Mixed Signals

| 38 4] ¢ 1 1-1 o « DR

Table 8.6
Summary of PRFORM Evaluations of Each of the Versions Applied

to Each of the Cases Including the Teaching TFPM Model.......................

Table 8.7
PRFORM Evaluation of the TFPM Versions/Applications for Plant

S N OO PO TPTPTTPP
Table 8.8
PRFORM Evaluation of the TFPM Versions/Applications for
DIVISION B e
Table 8.9
PRFORM Evaluation of the TFPM Versions/Applications for
Company C ..ot e
Table 8.10
PRFORM Evaluation of the TFPM Versions/Applications for Center
| 5 PP PPUPIRP

XXv



h r 1: The Problem and I ing

Problem Statement

Despite the availability of at least 13 models/versions of the Total-Factor
Productivity Measurement (TFPM) in the literature (see Table 1.1), TFPM is still
underutilized as a management tool for helping managers make decisions and initiate
actions to improve performance and productivity (Thor, 1986; Craig and Harris, 1973;
Loggerenberg and Cucchiaro, 1982; Kaplan, 1984; Skinner, 1986; Cosgrove, 1987,
Steedle, 1988); and even those managers and industrial engineers who want to measure
performance and productivity are not sure about how to do it. There is no "generally-

accepted” TFPM model from which first-time users can learn.

This study (1) determines the information managers commonly need to make
decisions and initiate actions to improve performance, based on selected case studies and
(2) investigates and explains the theoretical and methodological issu¢s involved with how
the different versions of TFPM and Cost Accounting Systems address these information
needs, and (3) develops a teaching model of TFPM that will provide these common

information needs.

Subproblems and Research Questions
The problem can be broken down into the following subproblems and their

corresponding research questions:

Subproblem 1: Determining Common User Information Needs
What are managers' main concerns regarding performance improvement? What

information do they commonly need to make decisions and initiate actions?



MODELS

VERSIONS

MAIN FEATURES

Productivity Indices
(deflates all values to
constant dollars;
productivity index =

sum of all output values
over sum of all input

values)

Davis (1955)

Kendrick and Creamer (1965)
Craig and Harris (1973)
Hines (1976)

Mundel (1983)

Sumanth (1979)

LTV/Vought Aero
Products Division

- inclusion of all inputs (including capital)

- book value used for capital input

- lease value used for capital input

- productivity per product

- added details for computing input values

- firm productivity is the weighted sum of
productivity of all products

- firm productivity related to profit breakeven

- "challenge budgets” '

Profitability =
Productivity +
Price Recovery

(Productivity is related to
accounting profitability
and price recovery)

American Productivity and
Quality Center (APQC,1978)

REsource Allocation
STrategist (REALST, 1982)

Miller (1984)
Virginia Productivity Center
(VPC,1985)

Financial Productivity
Measurement (FPM, 1988)

- use of Laspeyres and Paasche indices

- dollar effects, partial productivities and price
recoveries portrayed in base period
doliars

- capital compensation

- clarified conceptual models

- concept of resource variability to break
down productivity into capacity
utilization and efficiency

- strategic grids

- attributes: data aggregation/level of detail

- dollar effects portrayed in current period
dollars

- difference operators

- cumulative deflation

- multi-factor concept (capital may be
excluded)

- graphics/portrayal development

- productivity, quantity, and price grids

- import/export of data with other software

Econometric

Gollop (1982)

- uses growth rates of outputs and inputs




Subproblem 2: What Information Do Available TFPM Versions and Related Cost
Accounting Systems Provide?

Do the present versions adequately address the common user information needs?

Are the common information needs identified in the first research question presently

addressed by available accounting systems?

Subproblem 3: What Constitutes a Teaching TFPM Model for First Time Users?
How can common user information needs not presently provided by available
versions be addressed? How can alternative ways of addressing a particular user

requirement be evaluated?

Desired Outcomes and Outputs of the Research
To eventually solve these subproblems and find answers to the research questions,

the following outputs were obtained:

» Ireviewed previous surveys and documented new case studies. The case studies
identify a number of user requirements and the alternative methods that may be
used to develop an appropriate TFPM application for each case. The assumption
here is that case examples can help identify user requirements, differences,
similarities, strengths, and weaknesses of each version (how and why their
methods work), and help readers understand the distinctions between various
models/versions. This output addresses subproblems 1 and 2, and provides

alternative solutions for subproblem 3.

< From the case studies, I compiled a list of the common user requirements. These

user requirements are in the form of information needs, desirable characteristics



of the model, and user/application conditions that models need to address. This

output addresses subproblem 1.

* Based on the literature review and my experience with the cases, a thorough
explanation of each available model and/or version, their similarities, differences,
strengths and weaknesses, theoretical foundation, assumptions and implications,
data requirements and information generated was made. The assumption here is
that there is a need to clarify the differences and similarities of each of the models,
versions, and features so as to facilitate use of TFPM. In particular, I shall
analyze different deflation , data structure/aggregation, including the treatment of
capital input, and information portrayal methods. This output addresses

subproblem 2.

* A prototype structure and process for designing and evaluating a TFPM

application was developed. This output addresses subproblems 2 and 3.

» Based on the preceding outputs, a simple teaching model that can be used by first-
time users to learn and gain experience and insights into TFPM was developed.
The assumption is once users start correctly and achieve initial success, they will
gain enough momentum to develop their application to better fit their needs. This

output addresses subproblem 3.

As a result of having these outputs, the following desired outcomes are achieved:

» Academicians and practitioners will have a starting point for resolving the
apparent debate on how to do Total-Factor Productivity Measurement. Possible
users will more easily understand the differences, strengths, weaknesses, and

features of each model and/or version.



« Having a simple teaching model that can later be customized will facilitate the
development and implementation of TFPM applications which can lead to better
performance measurement, evaluation, control and improvement; and generate

more data to continuously evaluate and develop TFPM models and versions.

* I'learned how to do innovative and independent research and how to design and

implement TFPM, in particular, and performance measurement, in general.

Why Am I Doing This Research?

There are several organizational performance measurement approaches in the
literature. I have chosen to study Total-Factor Productivity Measurement (TFPM) for the
following reasons: (1) Organizations have traditionally used macro financial accounting and
micro operating measures based on IE standards. Kaplan (1984) points out the inadequacy
of traditional measures for summarizing organizational performance and helping decision
makers achieve and maintain world-class competitiveness. TFPM responds to this concern
as it measures the contributions of changes in productivity and price recovery to changes in
profitability over at least two periods. Since productivity and price recovery have strategic
implications (Loggerenberg and Cucchiaro, 1982; Parsons, 1986) not presently portrayed
by most financial reports, TFPM should appeal to managers and controllers who are not
just concerned with short-term profits but also with long-term survival, growth, and
excellence. (2) TFPM is state-of-the-art in measuring productivity (Sink, Tuttle, and
DeVries, 1984). It's one of the more developed measurement methods as evidenced by at
least 13 versions in the literature; however, (3) it's still underutilized (Thor, 1986). In fact,
Craig and Harris (1973), Loggerenberg and Cucchiaro (1982), Kaplan (1984), Skinner

(1986) and Cosgrove (1987) observed that few companies (<3%) have a system for



measuring macro productivity, although a more recent survey of 1000 U.S. controllers
shows 28% using TFPM (Steedle, 1988).

According to a survey done by UCCEL Corp. and the American Productivity and
Quality Center (APQC) and the survey of controllers just mentioned, lack of management
support and difficulties in data collection are the main reasons more firms have not adopted
a total productivity measurement system (APQC, 1985). Figure 1.1 shows the reasons
why 63% of those who have previously attended APQC workshops on TFPM are not
using it. However, Miller (1989) said data collection is not really a problem as long as
there is support from management and the controller. This observation is supported by his
experience with Ethyl and GM and VPC's experience with LTV, Xaloy, a food and

beverage company in the Philippines, a defense contractor, and a pharrnaceutical plant.

% of Respondents

Lack mgt. support
No computer support
Model irrelevant
Capital problematic
Data not available
Info unnecessary
Don't understand
Changed jobs
Not enough time

-
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Figure 1.1: Reasons For Not Using TFPM (APQC, 1985)

There is a need then for managers to realize the value of TFPM as a management
tool. This means having to portray it such that it responds to information needs they are
not presently getting from their information systems. Most of the accountants I've met

don't see any new information and believe they can also provide whatever information




TFPM can provide. Some of them think that accounting profit, volume, and price variance
analysis provide the same information. I believe TFPM provides information beyond what
most accounting reports provide. Kaplan (1984, 1985) has strongly advocated the need for
new performance measures in his articles that have influenced the development of what is
now called "Activity-Based Cost" (ABC) Accounting. I've investigated these issues and
new developments to show that TFPM does provide some vital information that decision
makers need.

Figure 1.2 shows a cause-and-effect diagram of possible reasons why TFPM is
underutilized. The two previously mentioned surveys and my experience with VPC TFPM
projects have pointed out that lack of management support is not only the main reason why
TFPM has not been widely used; it has also caused other problems such as difficulties in
data collection. My research, therefore, addressed questions such as "what information do
managers commonly need to make decisions about improving productivity and
performance in general, and does TFPM or any other management tool provide such
information?" The lack of management support may be due to the lack of a "generally-
accepted” TFPM model from which first-time users can learn. There are at least 13
versions of Total-Factor Productivity Measurement. As shown in Table 1.1, each version
has some features distinguishing it from the previous versions. Each version was
developed to address particular design specifications and based on the discipline of the
designer. There have been claims that one version is better than another in some respects.
If a manager wants to use TFPM, what version should he/she use” There is no clear

answer to this question.
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Underutilization

Figure 1.2: Is TFPM Un ilized?

In a recent project of the VPC, a recommendation had to be made on a productivity
measurement methodology and it wasn't immediately clear what TFPM version to
recommend. What are the differences and similarities of these versions in theory and in
practice? Are the versions different because they are meant for different applications or are

they different ways of approaching the same problem?

This Research Supports the Development of a Management Tool

The Management System Model (Kurstedt, 1986) and Management Systems
Analysis (Sink, 1989) provide the framework for the phenomenon I'm researching.

A management system (Kurstedt, 1986; see Figure 1.3) has three components: who
manages, what is managed, and what are used to manage; and three interfaces:
decisions/actions, measurement/data, and information portrayal/perception. For the
decisions/actions interface, Sink (1989) has adapted and focused the maodel on performance
improvement interventions. Management tools have also been focused on performance
measurement and evaluation tools rather than all possible management tools. My research

further zeroes-in on TFPM as one management tool.
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Figure 1.3: TFPM Is a Management Tool (adapted from Kurstedt.1986 and Sink, 1989)

In developing management tools, the logical starting point would be the information
needs of the manager. In my experience, however, there may be a need to ask managers
other questions such as, “what are your main concerns and what decisions/actions do you
make/initiate to improve performance?” rather than directly ask them, “what are your
information needs...?” This subproblem would have been more straightforward had we
been concerned with only one manager. Since the main problem is developing a TFPM
model that provides the common information needs of managers regarding performance
improvement, we need to consider a population of managers and the inherent variability of
this population. There are three main classifications: managers who have used TFPM and
therefore know not only what it can do but also the implementation issues; managers who
have a conceptual knowledge either from reading or workshops; and, managers who have

not had any exposure to TFPM. The critical concern is to determine the common



information needs of these managers regarding performance improvement. This is the first
subproblem of this research.

Once the common information needs are identified, the next subproblem is to
understand and explain whether the available TFPM models/versions and other
management tools such as cost accounting, address these information needs. The solution
to this subproblem will identify what and why features from the available TFPM
models/versions work, and what features need to be redesigned. This will facilitate my
addressing the third subprob]cm of recommending a “teaching” TFPM model that provides

for the common information needs of managers.

This Research Provides a Significant Contribution to the Productivity Measurement
Field
The following checklist answers the questions: Why should anyone do this
research? What is its contribution to the Productivity Measurement ficld? The checklist is
based on Miller's (1983) adaptation from Ackoff's (1953) The Design of Social Research.1
have picked eight out of his eleven items that are relevant to my research.
Several authors (Craig and Harris, 1973; Friedman, 1980; Thurow, 1984; Sink,
1988; Du Plooy, 1988; and Grayson and O'Dell,1988) have written about the need to
improve productivity for a nation's long-run economic welfare. Craig and Harris (1973),
Drucker (1980), Loggerenberg and Cucchiaro (1982), Kaplan (1984), and Sink (1985)
emphasize the need for productivity measurement as a means to attain control and
improvement. Numbers 1 - 5 of the following checklist are based on these premises.
1. The study is timely as measurement plays a critical role in improving productivity.
As Grayson and O'Dell (1988) warn, America may have only two decades to
improve or lose its competitive lead. TFPM measures both short-term profitability

and long-term strategic stance through productivity and price recovery.
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The study relates to a practical problem. It's not only for academicians.

Business, industry, governments, and nations can use it.

The study relates to a wide population, not just to companies or America.

It has international significance.

The study relates to an influential or critical population - managers,

leaders of nations, anyone concerned with productivity.

The study has many implications on a wide range of practical problems:

- measurement, evaluation, control, improvement, productivity comparisons, etc.
The study fills a research gap; there is an apparent debate on what is the best model
or version of TFPM. This study will take the initial step towards the resolution of
this debate. Miller (1988) suggested that research should focus on the investigation
of the existing measurement models - an attempt at understanding their basic
structure. I believe this is a necessary step even before looking into relationships of
productivity with other performance criteria such as quality - a topic I was tempted
to pursue.

The study may create or improve an instrument for observing and analyzing data -
this is the third subproblem of this research. As discussed earlier, TFPM is an
instrument for measuring quantities and prices of inputs and outputs of an
organization, converting these data into information on profitability, productivity,
and price recovery, and portraying the information so managers can use it for
making decisions. This research is aimed at improving the usefulness and accuracy
of TFPM as a management tool. (Please see Figure 1.4.)

The study provides the possibility for a fruitful exploration with known techniques

- this research will build on available TFPM versions using case study methods.
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Actions Measurement

ORGANIZATIONAL DOWNSTREAM
SYSTEM SYSTEMS:

Step 1: Understanding your organizational system

UPSTREAM
SYSTEMS:

Figure 1.4: Management Systems Analysis Step 3 Focuses on Measurement Systems

Development (Kurst 1986 as ada by Sink, 1989)

Background Information and Definitions Relevant to this Research

All references I've seen basically define productivity as output over input. Three
points arise from this definition. First, different units can be used for measuring
productivity depending on what outputs and inputs are considered. This can pose a
problem when making comparisons as we may be comparing "apples and oranges."
Hence, Davis (1955) suggested the use of dollar values as units of input and output.
However, this poses another problem: dollar values change over time. Therefore, deflation

methods need to be used so the unit of measure will be constant dollars. This leads to the
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second point associated with the definition of productivity: static measures and dynamic
measures. Static measures are productivity ratios for a single period, ¢.g. total cost per unit
of a car; while dynamic measures are ratios of static measures of two periods. The latter
compares two periods and shows changes. The third point is the use of partial productivity
measures against total-factor productivity measures. Productivity is sometimes equated
with labor productivity, e.g. output per manhour. This is just a partial measure as it only
considers one input. Total-factor productivity considers all inputs, namely, labor, capital,
materials, energy, etc. This research will focus on Total-Factor Productivity Measurement
which uses dynamic productivity ratios and their effects on profitability in dollars.

TFPM directly measures and relates productivity with profitability. It also
measures price recovery: the rate costs of production or services are passed on to
customers, i.e., the ratio of output prices to input costs. Note that price recovery is a
reléted concept but not the same as inflation. Inflation measures the aggregate changes in
prices of both outputs and inputs over time in the entire economy, not just for a firm. Price
recovery is the relationship of output prices and input costs in one firm. Inflation
measures the general trend of costs of goods and services in the macro economy while
price recovery measures the rate at which firms pass on the costs of their inputs to their
customers. In this context, price recovery may be considered as the firm's contribution to
overall economic inflation; a positive price recovery contributes to overall inflation while a
negative price recovery can help prevent inflation.

Some clarifications need to be made at this point regarding the terms system,
methodology, model, version, tools, and methods. These terms are frequently used in
different disciplines, hence, they have different shades of meaning. The following

definitions are what I will use for this research:
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System: Kurstedt (1986) defines "system" as converting inputs into outputs resulting in
throughput to meet some objective(s) and incorporates measures of performance to
determine how well the objectives are being met.

Methodology: The dictionary (Flexner, 1987) defines "methodology" as a set or system of
methods, principles, and rules for regulating a given discipline, as in the arts or
sciences; or the study of the principles underlying the organization of the various
sciences and the conduct of scientific inquiry.

Model: is defined as a simplified representation of a system or phenomenon, as in the
sciences or economics, with any hypotheses required to describe the system or
explain the phenomenon, often mathematically; or to simulate (a process, concept,
or the operation of a system), commonly with the aid of a computer.

The TFPM model deals with the mathematical concepts, relationships, and
derivations. This model is the theoretical basis for the set of methods, principles, and rules
or the methodology for doing Total-Factor Productivity Measurement. I have identified
three TFPM models (shown earlier in Table 1.1) as they are based on different concepts
and underlying principles. For two of the three models, there are various versions of

TFPM.

Version: is defined as a particular form or variant of something. TFPM versions differ
from each other as they use different features such as deflation and aggregation.
These distinctions were earlier shown in Table 1.1.

Feature: is defined as distinctive characteristics of a version.

Tool: is anything used as a means of accomplishing a task or a purpose. I use the word
tool in the same sense as Kurstedt's (1986) management tool. TFPM is a tool that

management can use to measure productivity, price recovery, and profitability.
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Figure 1.5: Picture Definition of Terms

This chapter has described the research problem, the subproblems, desired
outcomes and outputs, the phenomenon surrounding the problem, my motivation for doing
the research, background information, and definitions. The next chapter will discuss how

the research was conducted.
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Chapter 2: How This Research Was Conducted

What is Research? What Type of Research Is This?

Different authors have different definitions of research. The common thread I see
running through the definitions I have come across is the following: Research is the
process of arriving at dependable solutions to problems through the planned and systematic
collection, analysis, and interpretation of data. (Mouly, 1970; Emory, 1980; Leedy, 1980;
Miller, 1983; Sekaran, 1984). There are three interrelated key points. (1) What is a
research question or problem? It is a question that no one else has been able to answer
beyond reasonable doubt or a problem that has not been completely solved. (2) The
solution to the problem or the answer to the question can be obtained by a systematic
approach which includes collecting, analyzing and interpreting or giving meaning to data.
(3) Knowledge is expanded as a result - either finding new truths or reconfirming what was
doubted to be true.

The next question is: What is Management Systems Engineering research? The first B
distinction between MSE research and other disciplines is the subject. MSE deals with
solving organizational problems by designing, developing, and implementing management
systems using an engineering approach. According to Tompkins (1989), "Scientists
discover, mathematicians solve and engineers design." The Graduate Policy Manual of
IEOR states that Management Systems Engineering offers formal professional education
with a focus on the management of complex socio-technical systems. I believe MSE
should focus on the design, development, and implementation of management systems.

Would designing and implementing new management systems for particular
organizations constitute MSE research? If designing means following a predetermined or

generally-accepted method, this is obviously not research. The National Science
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Foundation (NSF, 1982) defines this as development: the systematic use of knowledge or
understanding gained from research directed towards the production of useful materials,
devices, systems or methods, including design and development of prototypes and
processes. The point is, while design and implementation per se may not be research, if
they are done to collect, analyze, and interpret data and answer rescarch questions, they
become part of research. NSF defines applied research as " directed toward gaining
knowledge or understanding necessary for determining the means by which a recognized
and specific need may be met. In industry, applied research includes investigations
directed to discovery of new scientific knowledge having specific commercial objectives
with respect to products and processes.” Based on these definitions, what I've done is
applied research. This research combines analytical methods (in dealing with mathematical
models and underlying principles behind each TFPM model) and qualitative methods
particularly using case studies. This integration of "hard and soft" approaches, I believe, is

typical of MSE research.
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Figure 2.1: Research and Development Process

Conceptual Framework of this Research

This research is related to previous work by Kurstedt (1986) on the Management
System Model as adapted by Sink (1989). As shown in Figure 2.2, after management has
understood and defined the organizational system and implemented improvement
interventions, the next step is to develop performance measurement systems. This entails

(a) defining information needs, (b) identifying data needs, and (c) using the appropriate
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tools to collect, process, store, retrieve, and portray data and information. This research
focuses on developing TFPM as an effective and efficient measurement, evaluation, and
portrayal tool. This is the conceptual framework of the phenomenon ['m researching.

The critical variable in this research is user information needs. This is why I
consider it my "independent variable": it determines what model, version, and/or features
(my "decision variable") need to be used to satisfy such information needs. In Figure 2.2,
the data and information are collected, analyzed, and portrayed to satisfy the information
needs. My research starts with the determination of common user information needs to
determine how TFPM should address those needs (the decision variable). The actual
information provided by a TFPM application is the dependent variable. Ideally, the
dependent variable should approximately equal the independent variable, i.e. the
information provided should be the same as the information needed. However, this may
not always be the case. Archer's (1978) Design Process evaluates the extent a TFPM

application satisfies user information needs.
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Table 2.2: Conceptual Framework of this Research

Case study methods were used for collecting and analyzing data. Within the case
studies, various sources of data such as documents, interviews, and participant-observation
(Yin, 1987) were used to determine common information needs and other intervening and
moderating variables (referred to as context variables in Figure 2.3) such as organizational
conditions in the user's environment. Coding and analysis of data were based on Archer's
(1978; Smith, 1989) The Structure of Design Processes as operationalized in Sink's (1985)
Multi-Criteria Performance Measurement Technique (MCPMT) and its software,
PRFORM. According to Archer and Smith, design is an iterative problem-solving process
of satisfying goals. There are "arbiters” in the design process who identify and give

weights (i.e. relative weight or importance ) to the goals or objectives of a design. For this
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research, the arbiters are managers/users who need TFPM information and
analysts/designers who develop the system to provide the needed information. {(G1,r1),
(G2, r2), (G3,13), ...(Gp, tn)} represent the goals and their weights, i.e., weighted
information needs. "Measuring overall impact on performance” or "measuring partial
productivities” are examples of goals.

Each case has its set of weighted user information needs. By getting the sum of
weights of the common user information needs across all cases, a set of the most common
user information needs was determined. (Variation issues will be dealt with in the next
section -- detailed research methodology.) This answers the first research question.

The next set of research questions (on available models/versions) was answered by
the literature review and the TFPM model(s)/version(s)' applicability to the cases. Each
case study was an independent effort to provide the user's information requirements. This
was done by using available models/versions whenever applicable or by trying out new
methods to provide information needs present versions could not provide and/or resolving
conflicting methods for providing for the same information needs.

Again, Archer's structure was used to process the data from the TFPM
applications. To achieve goals, certain TFPM model/version properties (P1, P2, P3, ...Pp)
need to address each goal, i.e., G = g(P). The properties are a function of decision or
design variables (D1, D2, D3, ... Dm) and context variables (C1, C2, C3, ...Ck), i.e. P =
f(D,C). Decision variables are the features that make up each TFPM model/version while
context variables are organizational conditions that affect the TFPM application. For
example, "model formulation and how information is portrayed" are properties of TFPM
models/versions. "Measuring productivity, price recovery, and/or profitability" and "using
static or dynamic measures” are decision variables that influence or contribute to the

property: "measuring overall impact on performance.” Base period and period length are
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context variables, not decision variables because the states or values they can take are more
influenced by the conditions imposed by the application rather than the design of the TFPM
model/version. This is discussed in detail in the research methodology section and a
complete example from the pilot case is shown.

Archer also defined an index of merit which is the overall performance rating of a
design proposal against the goals previously set. In the case studies on TFPM
applications, this would represent on a scale from 0-10, how each TFPM model or version
has satisfied the user requirements. This analysis helped me write a survey which
describes, compares, and contrasts the available TFPM models/versions. This answers my
second set of research questions.

At this point, three of the desired outputs of the research have been completed: the
case studies, the common information needs, and the survey/review of the present available
versions. Bits and pieces of the fourth desired output are also available from the case
studies. Note that the case studies were aimed at developing TFPM applications and
features that would provide for the user's information needs. It was a matter of putting
together into a teaching model the features that provided for the common user information
needs. This teaching model was then compared and contrasted against similar and
contradictory literature and results of the case studies.

I mentioned earlier that Archer's concepts were operationalized using MCPMT and
PRFORM. PRFORM has three levels of measures: criteria, attributes and sub-attributes.
Each criterion may be broken down into attributes which may further be broken down into
sub-attributes. The lowest level of measure is normalized into a nominal scale from 0 to 10
by a transformation curve or a function that maps natural scales into the 0-10 nominal scale.

Each criterion, attribute, and sub-attribute is weighted so that a weighted average of the
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transformed or normalized scores may be obtained (Sink, 1985). An example is shown in
the next section.

Figure 2.3 shows how I operationalized Archer's concepts of goals, properties,
decision and context variables, and their functional relationships into PRFORM's criteria,
attribute, sub-attribute, and transformation curves, respectively. Archer's index of merit is
the weighted average of transformed scores from each criteria, attribute, and sub-attribute
in PRFORM.

In summary, I have:

* developed case studies and in each case study:
- determined weighted information needs
- developed and evaluated alternative TFPM applications using PRFORM

+ determined common information needs by summing up their weights across all cases

* written an evaluation survey of all available TFPM models/versions based on the literature
review and results of the case studies -

« recommended a teaching TFPM model based on what has worked in the case studies for
satisfying common information needs

» using the common user information needs as the goals or criteria, PRFORM was used on
all the available TFPM models/versions, including the teaching model I'm

recommending.
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Figure 2.3: Another Perspective of the Conceptual Framework of My Research

Research Methodology

1. To come up with the problem definition and research methodology, the following

were done:

« initial literature review on productivity measurement, TFPM, and research

» interviews of both experts, users, and possible users

« observations on previous applications and a pilot case study

« mathematical model formulation for the available models/versions
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Chapter 3 includes what I learned from the initial literature review. The initial
literature review has helped me know what has been done and what needs to be done in the
productivity measurement field, particularly using TFPM.

The literature review has also left me with some questions regarding the various
TFPM versions. In order to answer these questions and gain a better understanding of
TFPM, I interviewed the experts/authors of the available versions. I have interviewed
Gollop, Sumanth, Kendrick, Thor, Parsons, and Miller, and all have agreed (except for
Kendrick whom I didn't ask as he is no longer doing any work on TFPM) to review my
description of their TFPM versions and confirm that my understanding is accurate. I chose
these experts because they are currently most active in and who in my judgmcht from
reading the literature, have contributed most towards TFPM development. I chose Parsons
instead of Loggerenberg as Parsons seems to be more user-oriented, pragmatic while also
having a solid theoretical knowledge. He is also more accessible.

I had two sets of questions for the experts: one set was asked of all the experts and
the other set had questions on their particular version. Chapter 3 documents the salient
points from these interviews. The interviews not only helped me obtain answers to my
questions but also helped me reinforce what I have learned from the literature review.

Table 1.1 (page 1-2) is an outline of what I considered as the three basic models,
the different versions, and the main features of each version, based on the initial literature
review, interviews with experts and observations from some applications.

The Appendix presents the mathematical model formulation of the three basic
models showing the differences between the models and the versions. These models were
my starting point for analyzing, understanding and explaining the differences and their
corresponding applicability. The models were formulated using consistent symbols so I

could mathematically compare the expressions for different versions.
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Figure 2.4: How I Defined My Research Problem and Methodology

2. After defining the problem and the research methodology, I reviewed previous
surveys and documented new case studies to (a) compile a list of user information needs
and other requirements, (b) illustrate and gain a more concrete understanding of the various
methodological differences and issues associated with the available TFPM versions, and,
(c) develop, test, and evaluate features that will be applicable for providing the common
user information.

Selection of cases was based on the following considerations: (1) The first
consideration was that the organization should be willing to commit resources to
developing a TFPM application. This is the test of how serious they are with the effort.
(2) The research will be on TFPM applications at the firm level - cases will therefore be
applications ranging from plants, to divisions, to corporate levels; (3) When using case
studies, theoretical rather than random sampling is typically used (Glaser and Strauss,
1967; Eisenhardt, 1989), i.e. cases are chosen for theoretical rather than statistical reasons.
The cases may be chosen to replicate previous cases or they may be chosen to fill

theoretical categories and provide examples of polar types. Since the variable I'm

26




measuring from the cases is user information needs, I chose cases that could potentially
have typical and extreme situations illustrating various user information needs. The
organizations [ selected had different products, geographical locations, and organizational

size and structure. Table 2.1 shows demographic data for each of the cases;

Table 2.1: Demographic Data of the Selected Cases

Plant A Division B Company C  Center D

Industry Pharmaceuticals | Defense Food and Applied
Contractor Beverage Research and
Development

Geographical | Southeastern West Coast, Southeast Asia | Southeastern
Location USA USA USA
Size 500 3,000 20,000 20
(manpower)
Structure functional/ functional/ divisions/ functional/

hierarchical business units | business units | self-managing

Other possible cases were available but were not used as they did not "pass" all the three
considerations previously discussed and they were no longer needed. (4) How many cases
should be used? Eisenhardt (1989) says, "stop adding cases when theoretical saturation is
reached, i.e. when incremental learning is minimal because researchers are observing
phenomena seen before...In practice, theoretical saturation often combines with pragmatic
considerations such as time and money to dictate when case collectior: ends...Finally while
there is no ideal number of cases, a number between 4 and 10 cases usually works well.
With fewer than 4 cases, it is often difficult to generate theory with much complexity, and
its empirical grounding is likely to be unconvincing,... With more than 10 cases, it quickly

becomes difficult to cope with the complexity and volume of the data." After the fourth
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case, I reviewed the information needs I had compiled from one case to the other and
decided "theoretical saturation" had been reached since the common information needs were
not changing or increasing. I also compared the common information needs with the
results of two recent surveys (APQC, 1985; Steedle, 1988). These surveys came up with
the same reasons why firms use TFPM as the common information needs I had compiled.

I used three types of data for this research. The first type is end-user information
data. By end-user, I mean the manager(s) who will use the information from TFPM to
make decisions and initiate actions. As previously mentioned, these managers were to be
classified as: those who have used TFPM, those who have read or attended a workshop,
and those who have not had any exposure to TFPM. From my case studies though, all
except one manager did not have any exposure to TFPM. The analysts who were

interested in developing a TFPM for their managers were the ones who had some exposure

to TFPM. [ even found I could not ask managers directly what their information needs
were. [ had to ask tangential questions such as, "what are your main ¢oncerns or problems

improving th nce of your firm?"

The primary source of these data (information needs) were meetings or interviews
with the managers. These meetings or interviews were done individually or in groups. In
either case, they were asked about their main concerns regarding performance improvement
and what types of decisions and actions they make and initiate to improve performance.
While they discussed their responses, I took notes and later identified and weighed the
information needs they mentioned. I've found this approach more effective as managers
don't usually know exactly what information they need. Ithen wrote up the results of the
interviews and asked them to verify whether my perception of what they said was accurate.

These interviews provided the weighted information needs for the new cases I documented.
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Analysts were the primary source of the second and third types of data: the
organizational conditions that affect the TFPM application and the quantities, prices and/or
values that were used for the initial TFPM application. Of course, the data were disguised,
whenever necessary to preserve their confidentiality. They also provided the documents
and explanation of systems that interface with TFPM.

After determining the information needs, conditions that affected the TFPM
application, and data available, alternative TFPM applications were designed, developed,
and evaluated. Evaluations were done as described in the previous section using
PRFORM. The weighted information needs were used as the criteria, TFPM
model/version features that provided the information needs were the attributes,
organizational conditions considered were the sub-attributes. Transformation curves
represent how the features and organizational conditions relate to providing the needed
information. Table 2.2 lists the information needs, TFPM features, and organizational
conditions used for the pilot TFPM application. The first information need is "assessing
overall impact of improvement efforts." This information need was addressed by "how the
TFPM model is formulated and how information is portrayed.” The TFPM model can be
formulated to portray productivity alone (coded as 1), productivity and profitability (coded
as 2), or productivity, profitability, and price recovery (coded as 3). Figure 2.4 shows a
transformation curve that maps 0, 1, 2, and 3 to 0, 5, 8.5, and 10,respectively, i.e., the
TFPM application is acceptable if it portrays productivity only, better with productivity and
profitability, and best if it portrays all three performance criteria.

Table 2.2 also shows that for the first information need, SCORBORD has satisfied
it with a score of 7.2 while REALST scored a perfect 10. For this TFPM application,
SCORBORD scored 5.1 and REALST scored 8.5 in the overall satisfaction of information

needs. The next question is how valid are these scores? First, the weights of each criterion
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Vi i n i
Inf ion Need
Memory: 339K ° SCORBORD 5.1°REALST 8.5
888848848855884405888549888a0440555584644554444454404A44450484864454445545844503a44848aa
Description ° Weight® Raw ° Adjust ° Raw ° Adjust
888848585550885888505508546000808A464444444554546405548484848486440548584855a504488485444
Overall Impact ° 25 ° ° 7.2 ° °10.0
Model Formulation ° 53 ° ° 8.0 ° ° 10.0
Prod/Prof /PrRec ° 40° 3.00° 10.0° 3.00° 10.0
Static/Dynamic ° 20° 2.00° 10.0° 2.00° 10.0
Relative/Absolute ° 20° 1.00° 5.0° 2.00° 10.0
Fog Index ° 20° 1.00° 5.0° 2.00° 10.0
Portrayal ° 47 ° ° 6.4 ° ° 10.0
Graphics ° 29° 2.00° 10.0° 2.00° 10.0
Level of Detail ° 25° 3.00° 5.0° 2.00° 10.0
Choice of Reports ° 23° 0.00° 0.0° 1.00° 10.0
Deflation ° 23° 1.00° 10.0° 1.00° 10.0
Measure Dep’ts./WIP ° 22 ° ° 4.3 ° ° 9.4
Aggregation ° 36 ° 0.00 ° 0.0 ° 1.00 ° 10.0
Level of Detail ° 33 ° ° 8.3 ©° ° 8.3
Input/Output Matching® 36° 2.00° 10.0° 2.00° 10.0
Base Period Choice ° 33° 1.00° 5.0° 1.00° 5.0
Period Length ° 31° 3.00° 10.0¢° 3.00° 10.0
Portrayal ° 31 ° ° 5.1 ° ° 10.0
Graphics ° 51° 2.00° 10.0° 2.00° 10.0
Choice of Reports ° 49° 0.00° 0.0° 1.00° 10.0
Partial Measures ° 21 ° ° 5.7 ° °10.0
Resource Variability ° 34 ° 0.00 ~° 0.0 ° 1.00 ° 10.0
Level of Detail ° 33 ° 2.00 ° 10.0 ° 2.00 ° 10.0
Portrayal ° 33 ° ° 7.4 ° ° 10.0
Relative/Absolute ° 51° 1.00° 5.0° 2.00° 10.0
Graphics ° 49° 2.00 10.0° 2.00° 10.0
Use for Planning ° 19 ° ° 2.5 ° ° 2.5
Simulation ° 50 ° 1.00 ° 5.0 ° 1.00 ° 5.0
Challenge Budget Proc ° 50 ° 0.00 ° 0.0 ° 0.00 ~° 0.0
Analysis by Product ° 13 ° ° 4.8 ° °10.0
Aggregation ° 51 ° 0.00 ° 0.0 =° 1.00 ° 10.0
Level of Detail ° 49 ° 2.00 ° 10.0 -° 2.00 ° 10.0
° o o o (-]
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0 1 (Prod) 2 (Prod & Prof) 3 (Prod, Prof, &
PrRec)

Figure 2.4: Transformation Curve for Measure Portrayed

3. For each case study, user requirements, methodological issues, and appropriate
methods were collected (see Figure 2.5). The common information needs were identified
as previously discussed. Each case dealt with evaluating which of the different features
were most appropriate or designing new ones to satisfy user requirements. The resolution
of methodological issues and the resulting applicable features were also compiled.

After compiling user information needs from the case studies, I previously thought
the next step should be to verify these user information needs using a survey of what users
and possible users expect from TFPM. However, after looking at a few cases, I realized 1
could not get the depth and richness of data I'm getting from cases from a survey of users,
and much less from possible users who expectedly will not have an in-depth understanding
of TFPM concepts. This realization was supported by Mintzberg (1979) when he said,
"For while systematic data create the foundation for our theories, it is anecdotal data that
enable us to do the building. Theory building seems to require rich description, the

richness that comes from anecdote. We uncover all kinds of relationships in our hard data,
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but it is only through the use of this soft data that we are able to explain them." After all,
data from past surveys done by APQC/UCCEL (Thor, 1985) and one other survey
referenced by Steedle (1988) were compared and contrasted against the data I had collected

from the cases.

Case
Studies
User p| Methodological | APpropriate
Requirements Issues TFPM Features
Literature Evaluation Teaching
Review —™  Survey ’1 TFPM Model

Figure 2.5: Case Study Process for My Research

4. The list of common user information needs was then used to describe, compare,
and evaluate the present models, versions and features. Chapter 3 is an evaluation survey
of models. This evaluation survey also includes an evaluation of whether accounting
systems provide the same information as TFPM.

5. The results of activities 2 to 4 gave me the common user information needs, the
distinctions between the available TFPM models, versions, and features, and the features
that were applicable to the common user requirements based on the results of the case

studies. Step 4 also provided the explanation about why the features appropriately provide
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the needed information. This step (5) puts together the applicable features from the case
studies into a teaching TFPM model that would respond to the commcn user requirements.

Steps 2 - 4 will be an iterative process. Again, saturation is the key consideration.
Iterations stop when incremental data and/or information added is minimal.

6. The teaching TFPM model was evaluated in two ways: using it on the case
examples and showing that it provides the needed information (using the same PRFORM
evaluation process discussed earlier); and, comparing it with related literature.

While this dissertation is primarily intended to be a rigorous research and
development document (based on Yin, 1987; please see Table 2.3: Parallelism Between
Eisenhardt's (1989) "Process for Building Theory from Case Study" and My Research
Methodology), anyone reading it should be able to develop an application using the
teaching TFPM model, distinguish and understand the differences between the available
models and versions of TFPM, feel confident to decide what features to use to enhance the
initial application, and be able to use them successfully. However, the research has been

subject to the following limitations.

Limitations of the Research Methodology

While case study research methods have been generally accepted to explain the
existence of certain phenomenon, it cannot be used to make categorical conclusions with
some statistical significance. I cannot claim with say, a 95% probability, that all
organizations interested in developing a TFPM application will have the same common
information needs that I compiled from my case studies. I used case study research
because I wanted to experience and learn how TFPM applications should be developed to
respond to management information needs. I believe I achieved this end and I can also be
confident that when I discuss information needs, I really understand the details of those

information needs, not just in broad terms or categories, but I am not confident to make
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generalizations about most applications. I believe I achieved "theoretical saturation” with
four cases, and my results matched the results of two previous surveys, but other
researchers who might try to replicate what I've done may not come to the same
conclusion. There was so much variability in my cases, four uniquely different
organizations crossing national and cultural boundaries, functional, lateral and vertical
variability in my interviewees, and there was not much I could do to control that. The only
consolation I got was I did not find any evidence of significant differences in their
management information needs. I suspect this may have been biased by my interviewees
knowing I was helping their organization develop a TFPM application.

Other limitations deal with how I developed the attributes, sub-attributes, and
transformation curves for evaluating the TFPM versions and applications. I rationalized
and used my best judgment in developing the attributes and curves, but some other
researcher may use other attributes, sub-attributes, and transformation curves, for different
reasons and come up with different conclusions. The evaluation procedure assumes the
attributes and sub-attributes are all additive, independent, mutually exclusive, and
comprehensive. To minimize my biasing the results, the same attributes, sub-attributes,
and transformation curves were used across all cases, except when some weren't
applicable, however, I still can't defend that the attributes are definitely additive and
comprehensive. Some of them are not independent and not mutually exclusive. The
evaluation procedure I used could not adequately model those situations.

Finally, while I tried my best to follow the literature in developing and conducting
case study research, I still cannot claim to be an expert in case study rnethods and I'm not
sure I documented everything I did well enough for someone else to thoroughly replicate

my research.
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h r 3; -of-the-Art of TFPM

This chapter presents the different TEFPM models and versions based on my review
of the literature, literature review, and experiences with some applications. To clearly
portray the features of each model/version, I provided examples for some versions, I used
another example to compare the features and information provided by each version and
show how each version applies to this example. I conclude this chapter by presenting a
summary of the main features and differences of the models and versions.

Prior to World War II, all productivity estimates were of the simple output-per-
worker or per-hour variety. This was true of the first estimates prepared by Carrol Wright
of the Bureau of Labor in the nineteenth century, the work of the National Research Project
of the Works Progress Administration in the 1930's, the subsequent program of the Bureau
of Labor Statistics, and the various industry studies of the National Bureau of Economic
Research - to mention only the major productivity measurement initiatives (Kendrick and
Vaccara, 1980; Davis, 1978; Gollop, 1982).

The first estimates of total-factor productivity prepared in the United States were
those of Jan Tinbergen in 1942 (National Research Council, 1979), referred to as multi-
factor productivity as it only considered labor and capital, and also did not include
intangibles such as inputs resulting from research and development, education, and
training); George Stigler, presented in a 1947 volume of the National Bureau of Economic
Research (NBER, Kendrick and Vaccara, 1980) for manufacturing; and by Barton and
Cooper (National Research Council, 1979) in 1948 for agriculture.

Davis (1955) Pioneered Total-Factor Productivity Measurement Using the
Productivity Indices Model
At about the same time, Hiram Davis had been an active participant in national

conferences on productivity, and by 1954, he wrote a book, Productivity Accounting,
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which earned him the recognition of being the pioneer in "total-factor productivity"
(reprinted 1978; Sink, 1985; National Center for Productivity and Quality of Working
Life, 1976; Miller and Rao, 1984). The primary measure he used was total-factor
productivity, i.e., total dollar value of all outputs over the total dollar value of all inputs.
To remove the effects of inflation in his calculations, he used price change indices or
repricing inputs and outputs using base year prices. This way he obtained productivity
indices for at least two periods. Being an accountant, he emphasized the need to match
costs and quantities of inputs to costs and quantities of outputs for specific production

periods. Table 3.1 shows an example of how Davis portrayed his TFP results.
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PRODUCTIVITY STATEMENT

The X Manufacturing Company

1947
Thousands of Dollars 1947
© 1939 1947 Implicit
In In In Price
- 1939 1939 1947 Indexes
_": -Prices - Prices ... - Prices (1939 = 100)
OUTPUT _ _ ‘
Class M (medium ugit cost) 3,384 3.893 12,157 312
Class N (bigh unit cost) 3.120 - 5,535 14,433 261
Class O (high unit cost) 1.303 348 974 282
Class P (low unit cost) 162 309 ‘982 318
Total 7.969 10,082 28,551 283
INPUT
Labor and management . 2,108 2,092 6.660 318
Materials 2,947 3.284 12.583 383
Supplies and business services 2,293 2.463 4,110 167
Capital goods (Depreciation) 2461 300 560 187
Icveator
Gross 400 4,635 1164
Taxes 157 168* 2.078 1237
Net 216 2 2,377 1111
Total 7.969 8.539 28,551 334
PRODUCTIVITY CHANGE
Qutput per $ of input 1.00 1.18
Incresse in output per $ of input .18
Savings over base year (Dollar
increase for input of $8.539) 1.5408

1Reported depreciation after adjustment to the replacement prices of the year indicated and for yea:

rate of operation.
TTazes at their base-year ratic to gross investor input.

o this example. the savings do not equal the difference between 1947 output and input totals revalu.

to 1939 prices because of rounding of the productivity incresse to 18 cents.
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In 1965, Kendrick and Creamer published Measuring Company Productivity: A
Handbook with Case Studies and in 1973, Craig and Harris wrore the paper, "Total
Productivity at the Firm Level.” Idon't see any significant methodological developments
contributed by these publications - they basically followed Davis' formulations. They,

however, introduced the term "total productivity"” instead of Davis' "total-factor
productivity.” Both terms mean total output over total input. The term total productivity
was coined to differentiate it from the economists' definition of "total-factor productivity
(TFP)." Economists use the concept of value-added, i.e. total value of outputs less
interfirm purchases. They define TFP as value added over labor and capital because their
unit of analysis is usually an industry or a nation's economy. Hence, intermediate inputs
and outputs or interfirm purchases (materials and energy) are taken out to prevent double
counting. The other contribution of these two versions were on ways to determine capital
input. Kendrick and Creamer advocated the use of book value while Craig and Harris
advocated the use of lease value. The main consideration is to use whatever an
organization deems best to approximate their capital costs which should be what they are
presently using in their accounting system..

In 1976, Hines introduced the concept of productivity by product and in 1983,
Mundel published a paper detailing how to compute input and output values. All the

preceding versions use static productivity measures compared against each other by

productivity indices, as originally done by Davis.

Sumanth (1979)

In 1979, Sumanth published his dissertation, Productivity Measurement and
Evaluation Models for Manufacturing Companies. He developed another version
computing the total productivity of a firm as the weighted average of the total productivities

of each product. The total productivity of a product is the ratio of the constant dollar value
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of total output over the total constant dollar value of all inputs for the particular product.
The total productivity of a firm is related to the total productivity of each product and the
partial productivities so management can pinpoint causes of growth or decline. He also
relates profit breakeven in terms of the total productivity of the firm. Since Sumanth's
model uses static productivity measures, he recommends the use of productivity indices
like all the previous versions. While the model may be very powerful in analyzing
problems and opportunities for productivity improvement, it also demands very detailed,
accurate, and precise data. Due to the enormous number of raw data needed for this

version, I will show only one example later.

Econometric Model (Gollop, 1982)

Econometric models use logarithmic derivatives of production functions of both the
macro economy and its subsectors (Kendrick and Vaccara, 1980; National Research
Council, 1979). TFP is defined as the growth rate of physical output (or deflated value of
output) less the weighted average of the growth rates of physical inputs (or deflated value
of inputs) so as to avoid confounding price and productivity effects and insure the TFP
measure is not sensitive to the choice of the base period. Gollop's model can aggregate the
industry measures into the macro economy level.

While most of the econometric developments deal with the macro economic levels
such as industry or national levels, Gollop argues that there is a need to be able to analyze
and relate each level. Hence, he formulated an example of how to aggregate and analyze
data and portray the resulting information for 2 levels of aggregation. As a corollary, he
has extended the traditional econometric definition of TFP from total output over labor and
capital to include intermediate inputs such as materials and energy. Now, the Bureau of
Labor Statistics uses "multifactor productivity" instead of "total-factor productivity." (BLS,

1988; Dean and Kunze, 1988; Mark and Waldorf, 1983)
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An important assumption underlying the econometric model is the treatment of time
as a continuous variable rather than a discrete period. In using derivatives with respect to
time, the variable is considered continuous; in the example, however, it is considered a
discrete period. When I interviewed Gollop, he said that in Economics, most of the
theoretical modelling is done using continuous functions. When they are applied, discrete
approximating functions are used. These approximating functions have the property that
when their limits are taken as the variable/interval approaches 0, they equal the original
function. Another basic assumption is the validity of using particular production functions
for firms. According to Gollop, economists use very general forms of production
functions such that simpler forms that may more appropriately characterize production
functions of firms can be considered as simplified versions of the general form.

Tables 3.2 and 3.3 show an example of how Golldp’s model is implemented at the
firm level. This example has 2 plants in a division and shows how measures for one unit
of analysis are aggregated to get to a higher level or unit of analysis. Following is the
explanation of Table 3.2.

The output of plant 1 is the material input of plant 2 - columns 1 and 2. Hence, the
total output of the division is just the output of plant 2 and the total material input of the
division is the input of plant 1 - column 3. Same comments hold for columns 4-6.
Columns 7-9 are growth rates from year 1 to year 2, i.e. (year 1 - year 2) / year 1.
Columns 10-12 are production costs which are actually taken from the base period - year 1.
Columns 13-15 are input cost shares which are the corresponding costs in columns 10-12
over the column total. Using the growth rates and cost shares, TFP is computed using the

formula given in the table.
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Table 3.3 shows the analysis of profitability broken down into productivity and

price recovery. Note that operating income is not equal to $24 as you can compute from

Table 3.1 since columns 4-6 of Table 3.1 are in constant dollars. $26.40 is in current (year

2) dollars. Hence, the total change in profits is $8.40. Productivity contribution can either

be computed directly for the division or the total of the 2 plants' contributions. Unit

growth sales contribution comes purely from the change (increase) in sales. The change in

profits is the sum of contributions due to changes in productivity, sales, and prices.

Table 3.3: Gollop's TFPM Model - Corporate Income and Productivity Analysis
= (Ol:Year2) - (O.l.: Year 1)
= ($26.40) - ($18.00) $8.40
=  (Total production costs: (Growth rate
year 1) of TFP)
Division:  ($140.00) x (.0315) $4.41
Plant 1: ($105.00) x  (-.0476) = -$5.00
Plant 2: ($140.00) x (.0672) = $9.41
Unit Sales Growth Contributi
= (Unit profit: Year 1) x (Period to period change in sales)
= ($158 - $140)/158 x (172-158) $1.59
Contributi { Price Ct
=  (Period to period x  (Quantity: Year2)
change in price)
Sales (+):  (1.10-1.00) x (172 = $17.20
Labor () (1.05-1.00) x ( 20) = -$1.00
Plant & Equipment (-3:  (1.09-1.00) x ( 34) = -$3.06
Raw & Package Material (-):  (1.11-1.00) x ( 84) = -$9.24
Energy (- (1.15-1.00) x ( 10) = -$1.50
Net effect: $2.40
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American Productivity and Quality Center (APQC, formerly APC, 1978)

In 1977, the American Productivity Center (APC, 1978, 1988; Sink, 1985),
building on the Davis, Kendrick and Creamer, and Craig and Harris works and with the
help of Kendrick and Loggerenberg, developed a new model based on the relationships:
Profitability ratio = Productivity ratio x Price recovery ratio and Profitability ($) =
Productivity ($) + Price Recovery ($). Price recovery is the ratio of output prices to input
costs or the extent input cost changes are passed on to the customers in terms of output
prices. Different outputs (énd inputs) are aggregated using base period unit prices (and
costs) as weights. This produces Laspeyres index numbers or pure quantity change ratios
used to compute productivity ratios. Output prices are weighted using current period
quantities to produce Paasche index numbers or pure price change ratios used to compute
price recovery ratios. (See Figure 3.1). The report format also shows dollar effects of all
these changes to productivity, price recovery, and profitability. APC's version differs

from its predecessors and has contributed in the development of TFPM in the following

ways:
1. Productivity is directly related to profitability and price recovery.
2. In order to distinguish productivity and price recovery effects on profitability, pure

quantity change ratios and price change ratios are computed. This necessitates the
use of base price weighted quantity change ratios (Laspeyres index numbers) and
current quantity weighted price change ratios (Paasche index numbers). Instead of
just adjusting for the effects of inflation as Davis does, the concept of price
recovery is introduced.

3. Aside from calculating productivity indices, dollar effects of productivity, price

recovery, and profitability changes are portrayed.



4. Partial productivities, price recoveries, and possible trade-offs of inputs are also
~ portrayed. —
Profitability — _ Productivity —,  Price Recovery
ratio ratio ratio
-

2,02 2. 0P 24022
S - —i"——

201131 201131 2. 02P1 \

X -
T > S s
22 2C1 21262

PR D i 2% \

base price or current quantity-

cost-weighted weighted prices
quantities and costs
(Laspeyres (Paasche

index numbers) index numbers)

0= output quantity, period j
i;= input quantity, period
p;= output unit price, period j
¢;= input unit cost, period j

Zovcr all outputs or inputs

Figure 3.1: Profitability = Productivity x Price Recovery
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Miller (1984)

In 1984, Miller developed a modification of the APC model. This version uses a
cumulative deflation method to restate current figures to a base period, instead of APC's
period to period deflation. APC deflates current dollars direct to its base period equivalent
disregarding any intermediate periods. This version deflates current dollars to each
preceding period up to the base period. Hence, it considers all dollar value fluctuations
between the base and the current periods. While this modification may address the concern
that APC's deflation method is too sensitive to the choice of the base period, it requires
more complex data collection, storage, retrieval, processing, and information portrayal. A
simplification was introduced in the data processing and information portrayal - indices are
not considered; only dollar figures are portrayed. According to Miller, while many
organizations including GM, have called him about using his version, Ethyl Corporation is

the only known user.

VPC (1985)

In 1985, the VPC introduced another version of the model. This was initially
developed at the Oklahoma Productivity Center. It was then called Multi-Factor
Productivity Measurement Methodology. Sink (1985) argues that capital input may be
removed as one of the inputs because (1) financial analysts, comptrollers, accountants, and
engineers should already be doing a good job managing capital productivity. (2) Another
major problem he cites is the determination of capital expense as a function of the
appropriate planning horizon and the appropriate cost of capital which may have significant
effects on capital productivity. The variability in determining planning horizons and cost of
capital may distort not only capital productivity, but also total-factor productivity, price

recovery, and profitability. Other developments of this version include the portrayal of cost
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drivers, inclusion of a simulation routine, and isolation of dollar effects due purely to price
recovery. What the APC version calls dollar effect due to price recovery actually includes
the combined effect of price recovery and productivity. This version is supported by a
software now called SCORBORD which is being developed to include graphic capabilities.
Past and future developments all aim to improve information portrayal, facilitate
understanding, simplify and develop TFPM as an effective and efficient management

support tool.

LTV/VAPD (1986)

At about the same time VPC's version was being developed, LTV/Vought Aero
Products, (as it was called then) was also developing its own application (VPC, 1986).
LTV uses APC's basic model with slight modifications to compute challenge budgets (i.e.
input quantities and costs ) and product price. Table 3.4 shows an example of how
calculations are done. Sales volume and inflation are forecasted and competitive pricing is
established to arrive at a total sales value in base-year dollars. A target productivity
improvement is set from which cost to sales percentage, costs in base-year dollars, and
current costs are computed, using a forecasted inflation rate.

The model is run with annual budgets and updated quarterly with actual figures.
The model is also run for divisions and functions within the firm. Instead of using TFPM
only for measurement, they also use TFPM for planning and budgering. The paper test
done by VPC and LTV has produced a list of advantages and disadvantages, data

requirements and difficulties of using the model.
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ggg ggrrgn; Qg’g
OUTPUT(SALES):
» Sales (Current $) 111 222 Sales Forecast
- Sales Price Inflation % Base 8% DRI Forecast
» Sales (Constant $) 111 205.56 205.56 = 222 + (1+8%)
PROD IMPR MENT:;
» Target Improvement Base 4%

INP RES CE COSTS):

» Cost to Sales % __90.09% 86.5% 86.5 = 90.09 * (1 - 4%)
+ Costs (Constant $) 100 177.8 177.8 = 205.56 * 86.5%
» Cost Inflation Base 10% DRI Forecast

» Costs (Current $) 100 195.56 195.5 = 177.8 " (1+10%)

National Productivity Institute (NPI, South Africa, 1982)

In 1982, Loggerenberg and Cucchiaro came up with another version. While this
version is not basically different, the article that introduced it, "Productivity Measurement
and the Bottom Line," included a very good portrayal of the TFPM concept (see Figure
3.2).
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RESOURCE!/ CHANGE IN RESOURCE!/
INPUT cosT INPUT
QUANTITIES QUANTITIES

[ =

Figure 3.2: Conceptual Model of TFPM

This model differs from previous versions in that it breaks down productivity into
capacity utilization and efficiency, and analyzes strategic options. Capacity utilization
considers fixed inputs such as equipment and facilities, while efficiency considers variable
inputs such as materials. Productivity is broken down into capacity utilization and
efficiency using a resource variability ratio with a value from O to 1 and decided by the
user. This resource variability ratio tells the model the relative percentages of fixed and
variable resources consumed. Analysis of cost changes, choice of the level of detail of
reports, import and export of data with other software, and budget generation, like LTV's,
are standard features of the latest version of the software REALST 3.0. Strategic options
are suggested depending on the productivity, price recovery, and profitability figures

obtained. Figure 3.3 shows the Strategic Grids.
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Figure 3.3: Strategic Grids

Figure 3.4 shows how REALST differs from APQC's and VPC's versions in
terms of computing dollar effects of changes in profitability, productivity and price
recovery. APQC and VPC's versions both use the base period cost to calculate the dollar
effects due to productivity and assigns the remainder of the profitability change to price
recovery, although VPC's latest version of SCORBORD isolates the pure price recovery
dollar effect from the joint effects of changes in productivity and price recovery. In the
example in Figure 3.4, profitability change is $175, the sum of the $50 productivity
change, the $50 pure price recovery change and $75 joint effects. REALST uses the
current period cost to calculate dollar effects of productivity change ($75); splits
productivity into capacity utilization ($30) and efficiency ($45) using the concept of

resource variability (REVA=.8); and also portrays product cost changes. Product cost

50



change from $100 to $225 =-$125 is explained as the sum of pure cost variance (-$100),
pure volume variance (-$100), and productivity change ($75). Note that productivity
change is positive since actual resource consumption, Qn, was only 15, instead of what it
should have been (Qne=20) had productivity remained constant from period 1 to period 2.
The output quantity increased from 10 to 20; therefore, if productivity were to remain

constant in both periods, the resource consumption in period 2 (Qne) should be 20.

SCORBORD REALST
Qnp=20 g Suctivity Joint QnP=23 [Gapacy Utiizetion § 30
(50) Effects on ‘1 . Efficiency=45
Qn=15 (75) = Price
Recoyery
Qo=10 Qo=10 =100
Price
Base Cost Recov Base Cost
=100 (so)T =100
Po=10 Pn=15 Pnr=20 Po=10 Pn=15 Pnr=20
Profit Analysis
Qnp=20
Qne=18
Qn=15 [Pure Volume
2ase Perind current Perin 'Variance=100
vo| aol| Po| vo| ad Po g“";
product | 100| 10| 10| 400 20| 20 Qo=10 V::am
Resource| 00| 10] 10| 229 15 15 100
Base Cost |~
=100

Po=1) Pn=15 Pnr=20
Cost Analysis

Figure 3.4: Differences Between APQC/VPC's Version and REALST
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While the econometric models use differential calculus, this model uses difference
calculus: that branch of calculus that deals with functions with discrete, finite intervals
(Loggerenberg, 1986). In differential calculus, the derivative of a function is its slope at a
point on the function; in difference calculus, instead of derivatives, we have differences of
functions between discrete intervals. This mathematical model intuitively seems more
appropriate as we deal with periods of performance in TFPM rather than with continuous
variables.

This version is supported by a software called REsource ALlocation STrategist
(REALST). This seems to be the most widely-used model and software (REALST,
National Productivity Institute, South Africa, 1988) and is further gaining popularity with
international marketing efforts now underway. There are at least 20 industry, government,
and business users in South Africa.

Other developments include: GM's Advanced Engineering Staff and the Corporate
Productivity Research Group in Toronto are jointly developing a new process and software
called FACTFINDER. This uses TFPM concepts but is now only available for their
internal use. Another version developed by Loggerenberg and Hayzen is called Financial
Productivity Management (FPM). It introduces productivity, quantity and price grids and
uses a software that can import and export data from and to other software. This version

does not significantly differ from REALST.

General Observations
The evolution of TFPM seems to have taken off at different levels, terminologies,
and model development. The economists have applied TFPM to the national, industry, and

company levels. Most of the other TFPM models have focused on the firm or plant level.
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There have also been some differences in terminologies used. Davis first used the
term "total-factor productivity” to mean all outputs over all inputs. This has also been used
by Mali (1978), Miller and Rao (1984), and Sink (1988).

The economists, on the other hand, use the same term "total-factor productivity" to
mean all final outputs of the macro economy over labor and capital - the factors of
production. They also use the term "value-added index," synonymously, i.e. output value
less interfirm purchases over labor and capital. Cost of purchased goods and services are
taken out of both the numerator and the denominator. In referring to industry or firm level
measures where all intermediate inputs such as materials, energy, and data are considered,
the term "total productivity" is used. This set of meanings is used by Kendrick and
Creamer (1965), Craig a_nd Harris(1973), APC (1978), Sumanth (1979), Dogramaci
(1981), and Silver (1984).

To avoid any further confusion by having consistent definitions, particularly for
firm or plant level measurement, I strongly urge the productivity measurement field to
define "total-factor productivity" and "total productivity" synonymously, as differentiated

from "value-added ratio," i.e.,

1-f; 1 inputs
value-added ratio = (total output - purchased goods and services) / (labor + capital)

These two definitions will avoid hair-splitting distinctions and are more descriptive

of the concepts they represent.

Summary of TFPM Models, Versions, and Features

Table 3.5 presents a summary of the features and main differences of each model
and version of TFPM.

There are two basic models of TFPM: the Productivity Indices (PT) Model and the
Profitability = Productivity + Price Recovery (PPPR) Model. Gollop's Model, which I
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izinally thous] fiff fel | f how i leveloped {101
operationally equivalent to the PPPR model, The PI model uses base period price or price

index-weighted quantity (Laspeyres ) indices to remove the effects of price changes thereby
obtaining Productivity Indices. The PPPR model isolates but does not completely remove
the effects of price changes. These price changes of outputs and inputs are measured as
price recovery and used to relate productivity to profitability. By using a combination of
base period price or price index-weighted quantity (Laspeyres) indices and current period
quantity-weighted price (Paasche) indices (except for Miller's version which uses
cumulative deflation), the following relationships are obtained: |

AOutput Value or Revenue = AOutput Quantity X AOutput Price, and ‘(3.1)

Alnput Value or Costs = Alnput Quantity X Alnput Cost (3.2)

Dividing the first equation (3.1) by the second (3.2), the following equation is
obtained:

Profitability Index = Productivity Index X Price Recovery Index.

The PPPR model also computes the dollar effects of changes in productivity, price
recovery, and profitability. These dollar effects are related in the following manner:

AProfitability ($) = AProductivity ($) + APrice Recovery ($)

REALST goes further to relate the dollar effects of changes in profitability to the
absolute or arithmetic difference between profits in the base period and profits in the current
period, i.e., AProfits = AProfitability ($) + A Level of Activity or Production (3).

What I've just described constitutes the first set of features of TFPM versions.

The second set of features deal with partial productivity measures. All the models
and versions calculate partial productivity measures and relate them or show their
contribution to the total-factor productivity measure. The difference in the versions is how

they treat capital input. Davis, Kendrick and Creamer, and REALST -advocate the use of
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book value for capital assets. Craig and Harris, Sumanth, and APQC recommend the use
of lease value. Sink (1985) argues that capital input may be removed as one of the inputs
because (1) financial analysts, comptrollers, accountants, and engineers should already be
doing a good job managing capital productivity. (2) Another major problem he cites is the
determination of capital expense as a function of the appropriate planning horizon and the
appropriate cost of capital which may have significant effects on capital productivity. The
variability in determining planning horizons and cost of capital may distort not only capital
productivity, but also total-factor productivity, price recovery, and profitability. I believe
that for initial implementation of TFPM, whatever method is used by the accountants of a
firm to treat capital expense should be used for TFPM. The understanding and acceptance
of TFPM by finance and accounting people in a firm is critical to the successful
implementation of TFPM. Therefore, it is very important to first ensure that TFPM is
integrated with existing systems, particularly accounting. This helps gain understanding
and acceptance for TFPM.

The third set of features deals with measuring performance of departments, plants,
or product lines and relating or aggregating those measures to the division or firm level.
Sumanth computes productivity by product; total firm productivity is the weighted average
of the product productivities. He also computes what productivity level will correspond to
profit breakeven point. Gollop's model and REALST both have a way of aggregating
dependent organizational units, i.e., outputs of one unit become inputs of another.
REALST also aggregates measures for independent units of analysis, i.e, organizational
units do not depend on each other for inputs and outputs.

The fourth set of features deals with how TFPM may be used for planning. All
versions may be used to evaluate plans by using budget data for the current or review

period and using past actual performance as base period data. LTV and REALST both
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added a feature that computes a "macro challenge budget” given sales forecasts and prices,
productivity improvement targets, and resource cost inflation. The slight difference
between the two methods is that LTV uses cost to sales ratio as a substitute for productivity
improvement target since LTV people are more used to the concept of cost to sales ratio
rather than productivity change.

Other features include REALST's concept of resource variability. Some resources,
called variable resources, vary with production volume or level of activity while others are
fixed resources. The concept of resource variability enables REALST to attribute
productivity changes to changes in efficiency or utilization of variable resources, capacity
utilization, and use of fixed resources. REALST is also software supported along with
VPC's version and Financial Productivity Management (FPM; Hayzen, 1989) of Gauss
Computing in South Afn'cé. Both REALST and FPM softwares feature choices in the level
of detail in reports. They also both use Strategic, Productivity, and Price Recovery Grids
to portray TFPM information. Other information portrayal techniques that could be used to
portray data from the reports of any version are trend charts, pie or area charts, and bar or
column charts.

These features and differences are what I'll use in evaluating the appropriateness of

each version in responding to the information needs of each of the case studies.
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Table 3.5: Summary of the Features of TFPM Models/Versions

TFPM
Models/

Versions
TFPM

Version
Features

Pertormance Measure

Defiation

*Base Period Price-Weighted

<

Quantity (Laspeyres) Indices

~Current Period Quantity-Weighted

(Paasche) Indces

*Price Recovery Indices

«Cumulative Deflation

Dollar Effects of Changes

<<

<] |1 |«

*Profit Reconciliation

<3< <

+Cost Analysis and Reconciliation

Measure Dopanmonts/WlPL

Productivity by Product

*Total Firm Related to Product Productivity

*Profit Breakeven Related to Productivity

Aggregation of Independent Centres

SRR

Aggregation of Dependent Centres

Partial Measures

Partial Productivity Ratios

<
<

Cost-to-Revenue Ratios (Pie Charts)

<<

Treatment of Capital

+Book Value for Capital Input

*Lease Value for Capital Input

sMay Not Have Capital Input / Muiti-Factor

*ROI-based Capital Expense

Use for Planning

~Challenge Budget Process

~Costb-Sales Ratio (LTV)

*Challenge Budget Process

- Productivity improvement Ratio

Other Desirable Features

Portrayal Formats/Graphics

*Trend Charts

<.

*Bar Charts

“Strategic Grids

Software Supported

*Choice of Level of Detail in Reports

< <j<] <f<] <]

NEERRE

Resource Varnability

57



Comparing All the Available Models and Versions: An Example
Table 3.6 shows data from a hypothetical example - Firm A composed of two
plants, each producing one output. This example will be used to compare features of each

of the available models and versions.

Table 3.6: Firm A Data
——— Penod 1 —_ —_ Period 2 —_—
1) @ @ @ &) (6) 0] ) ®) {10} Mmoo 1 1y (19

Unt Price Pant X PantY FimA Un Price Plant X PantY FimA

andCost Quantty Value Quantty Value Quantty Valueani Cost Quantity Value Quantity Value Quantity Vaiue
01 5.00 200 1000 200] 1000 4.00 250 1000 250 1000
02 10.00 200 2000 200] 2000 13.00 0 215| 2795 218 2795
Total Output 1000 2000 3000 1000 2795 3795
Inputs
Labor [ 10.00 40 400 40 400 80 800 12.00 38 456 Q[ 504 80 960
Materials
“Raw 4.00 320 80 320 4.00 1 400 100 400
01 5.00 2001 1 200 1000 4.00 0] 1000 250 1000
Capttal TR0 0 250 0 500 T 250 0] 250 250 500 500
Energy 0.05 600 30 600 30 1200 60 0.05 650 33 650 33 1300 65
Total Inputs 1000 1680 2680 1139 1787 2925

Productivity Indices Model
From Table 3.6, the productivity index is obtained by first computing the constant
dollar values for period 2. This is done by multiplying quantity columns 9, 11, 13 by
column 1, resulting into columns shown on Table 3.7. By dividing the constant dollar total
output values by the total input values, the productivity change indices are obtained, 1.,
Plant X is 17% more productive, Plant Y's productivity has declined from 1.1905 to

1.10115, and the whole firm's productivity improved from 1.1194 to 1.12769.
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Table 3.7: Productivity Indices Model

Period 1 _
(1) ( @) 4) (5) ) M

Unit Price Plant X PlantY Firm A PlantX PlantY FimA

and CostQuantity Value Quantity Value Quantity Value
o1 5.00 200 1000 200 1300 1250 1250
02 10.00 200 2000 200 2000 2150 2150
Total Output 1000 2000 3000 1250 2150 3400
Inputs
Labor |  10.00 40 400 40 400 80 800 380 420 800
Materials [¢] [}]
‘Raw 4.00 80 320 80 320 400 [}] 400
<01 5.00 200 1000 200 1000 1250 1250
Capital 1.00 250 250 250 250 500 500 250 250 500
Energy 0.05 600 30 600 30 1200 60 33 33 65
Total Inputs 1000 1680 2680 1063 1953 3015
Productivity Change: 1 1.1905 1.1194 1.17647 1.10115 1.12769

(Total Output/Total Inputs)

This model provides a productivity measure by taking out the effects of price
changes. Except for Sumanth's version which computes a profit breakeven based on the
productivity figure, none of the other versions relate productivity to financial measures.
The concern with Sumanth's version is that while it can give very detailed information
regarding products, it assumes that all data on product costs are available, accurate, and
reliable. There is reasonable doubt about this assumption as evidenced by the cost
accounting literature's concern for more accurate product costing and Activity-Based Cost
(ABC) Accounting (discussed in Chapter 5). And even with accurate data, imagine how
involved this measurement system could be if a firm had hundreds of products and/or
thousands of inputs. Of course, as with any reporting system, summaries and portrayal
formats with varying levels of detail need to be situationally generated.

Note that as proven by Sumanth (1978), the firm's total productivity could have
been obtained by computing the weighted average of the two products' productivities, i.e.,

[(1063 / 3015) x 1.176] + [(1953 / 3015) x 1.101 = 1.128. This does not hold true,
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however, when the products or plants are not independent, say, when the output of one is
used as an input for the other. Table 3.8 is very similar to Table 3.6 except that the output

of Plant X is the material input of Plant Y.

1 . Fi W lant X = Plant Y Input
—— Period 1 o ———— Pariod 2 e
) @ @) @ ) € m @) © (1 (1) (13 (13 (19

Unit Price Plant X PlantY FmA Unit Price Plant X PlantY Fim A

andCost Quantty Value Quantty Value Quantty ValueaniCost Quantity Value Quantity Value Quantity Value
o1 5.00 200| 1000 0 4.00 280 1000 0 0
02 10.00 200| 2000 200{ 2000 13.00 0 215 2795 215 2795
Total Output 1000 2000 2000 1000 2795 2795
Inputs
Labor [ 10.00 40 400 40 400 80 800 12.00 38 456 42[ 504 80 960
Matenals
Raw 400 80 320 80 320 4.00 100 400 100 400
01 5.00 200| 1000 4.00 250| 1000
Capital 1.00 250 250 250 250 500 500 1.00 250 250 250 250 500 500
Energy 0.05 600 30 600 30 1200 60 0.05 650 33 650 33 1300 65
Total Inputs 1000 1680 1680 1139 1787 1925

Table 3.9 is the result of applying Sumanth's model to the data given in Table 3.8.
Note that the weighted average of the productivities of the two products (1.926) does not

equal the total productivity of the firm (1.218).

60



Table 3.9: Sumanth's Model Applied to Table 3.8 Data

Period 1 —_
(1) 3] (3) 4 ) (6) @

Unit Price Plant X PlantY FimA PantX PlantY FmA

and Cost Quantity Value Quantity Value Quantty Value
(o] ] 5.00 200 1000 0 1250
02 10.00 200 2000 200 2000 2150 2150
Total Output 1000 2000 2000 1250 2150 2150
Inputs
Labor | 10.00 40 400 40 400 80 800 380 420 800
Materials 0 0
“Raw 4.00 80 320 80 320 400 0 400
01 5.00 2090 1000 1250 0
Capital 1.00 250 250 250 250 500 500 250 250 500
Energy 0.05 600 30 600 30 1200 60 33 33 65
Total inputs 1000 1680 1680 1063 1953 1765

1.218
Productivity Index: 1 1.1905 1.1905 1.17647 1.10115 1,926
Gollop’s Model

Gollop's Model, on the other hand, applies perfectly to this situation. Table 3.10
shows the computations for Gollop's Model based on data from Table 3.8. TFP for Plant
X has improved by 18.75%, decreased by 8.72% for Plant Y, and improved by 2.44% for
the whole of Firm A. TFP in Gollop's Model is defined as the weighted average growth
rate of the outputs less the weighted average growth rate of the inputs, i.e.,

Y Output Price Share x Output Growth Rate - X Input Cost Share x Input Growth Rate.

The firm's change in TFP could be obtained directly by using the above formula or
it can be obtained by getting the weighted average TFP of each Plant, i.e.,
(1000/1690)x(0.1875) + (1690/1690)x(-.0872) = .0244.

As mentioned earlier, Gollop's Model shows the dollar effects of changes in

productivity and prices to changes in profits as shown in Table 3.11.
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o1
02
Total Output

Inputs
Labor
Materials
Raw

*O1

Capital
Energy
Total Inputs

Productivity Growth:

Table 3.10: Gollop's Model

------ Growth Rates -------- Output Price or Input Cost Shares
(15) (16) (17) (18) (19) (20)
Plant X Plant Y Firm A Plant X Plant Y FirmA
(9-3)/3 (11-4)/4 (13-6)/6 3/3 Total £/5 Total 7/7 Total
0.250 1.000 0.000
0.075 0.075 0.000 1.000 1.000
0.250 0.075 0.075 1.000 1.000 1.000
-0.050 0.050 0.400 0.238 0.476
0.250 0.250 0.320 0.190
0.250 0.595
0.250 0.149 0.298
0.083 0.083 0.083 0.030 0.018 0.036
0.0625 0.1622 0.0506 1.000 1.000 1.000
0.0244
0.1875 -0.0872 0.0244
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Table 3.11: Gollop's TFPM Model - Corporate Income and Productivity Analysis

= (O..:Period 2) - (O.l.: Period 1)

= ($870) - ($320) = $550

=  (Total production costs: (Growth rate

period 1) of TFP)

Firm: ($1,680) x (.0244) = $41
PlantX:  ($1,000) x (.1875) = $1875
Plant Y: ($1,680) x (.-.0872) = -$1465

= (Unit profit: Period1) x (Period to period change in sales)

= (2,000 - 1,680)/2000) x (2,150-2,000) = $24
Contribut { Price C

= (Period to period x (Quantity: Period 2)

change in price)

Sales (+#):  (13-10) X (215) = $645
Labor ():  (12-10) X  (80) = -$160
Capital () (1.00-1.00) x (500) = -$0
Raw & Package Material (-):  (4-4) X (100) = -$0
Energy (): (05-.05) x  (1300) = -$0
Net effect: = $485

Gollop's Model, however, does not apply to data with independent inputs and
outputs such as the one on Table 3.6. Table 3.12 shows the results of using Gollop's
computations on Table 3.6 data. Note that the TFP of the firm (.0083) does not equal the
weighted average of the TFP's of the plants (.0153).
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Table 3.12: Gollop's Model Does Not Apply to Independent Plants

-—---- Growth Rates -—----- -Qutput Price or Input Cost Shares-
(15) (16) (17) (18) (19) (20)
Plant X PlantY Firm A Plant X PlantY FirmA
(9-3)/3 (11-4)/4 (13-6)/6 3/3Total  5/5Total  7/7 Total
O1 0.250 0.250 1.000 0.333
02 0.075 0.075 0.000 1.000 0.667
Total Output 0.250 0.075 0.133 1.000 1.000 1.000
Inputs
Labor -0.050 0.050 0.000 0.400 0.238 0.299
Materials 0.000
*Raw 0.250 0.250 0.320 0.119
-O1 0.250 0.250 0.595 0.373
Capital 0.000 0.000 0.250 0.149 0.187
Energy 0.083 0.083 0.083 0.030 0.018 0.022
Total Inputs 0.0625 0.1622024 0.125 1.000 1.000 1.000
0.1875 -0.0872 0.0083
Productivity Growth: 0.0153

Profitability ($) = Productivity (3) + Price Recovery ($) Model
Since APQC's and VPC's versions use exactly the same computations with slight
differences in report formats, I used VPC's SCORBORD software on the common
example in Table 3.8. Table 3.13.1 shows data used from Table 3.8 consolidated Firm A
data. Table 3.13.2 shows intermediate computations of weighted change ratios,
cost/revenue ratios, and productivity ratios. Table 3.13.3 shows weighted performance
indexes, and the dollar effects on profits of changes in profitability, productivity, and price

recovery. Note that the dollar effect on profits due to change in productivity ($41) is equal

uctivity contribution in Table 3.11. I proved in Appendix A: Mathematical

Models and Derivations, that Gollop's model computes the dollar effects of changes in TFP

on_profits in exactly the same manner as A and VPC model/versions. Hence, one of

the main insights I | ed from this literatu view is that the seemingly different models



n ! i iffer h ical ndations ar

nall val
Table 3.13.1: SCORBORD Data from Table 3.8

H FERIOD 1 H FERIOD 2

: (1) H (2) i (3) ] 4) H (%) H (&)

VGUANTITY ! FRICE | VALUE I QUANTITY! FRICE VALUE
a2 ! 200,00 1 10,001 2000,00 1 215.0 1 13,00} 2795.00
Total OQutout i ] ! 2000.00, ] H 2795. Q0
Labor ' 80.0 | 10,001 800,001 80.0 12.00% P60 .00
Raw Materials i 80,0 | 4,00} 320, 00) 100.0 4,001 400,00
Cabital H S00.0 1.00: 500,00 S00.0 | 1.001 S0, 00
Eneray P1200,0 Q. 051 60,00 1300.0 0.035.: 65. 00
Total Inputs H H H 1680, 00 H H 1925.00

: RBOR igh n v Productivity Ratios

v

; WEIGHTED : COST/REVENUE PRODUCTIVITY
i CHANGE RATIOS H RATIOS RATIOS
: (7) ' (8) : (9) H

QUANTITY: PRICE | VALUE FERIOD 1!FERIOD 2

FERIOD 1IFERIOD 2

i
(10 i (11) : (12) H (13)

Total Tutoun

_abor SIRIRlN ' O 4000

SEw At Erias = : Ul 1600

[N = Y oLt ' O, 2500

e S, ol .wE3I 0 1,0und b 1.egs o U, uZ00

j ot s lMAOUT s VLW USue b 1LaY0T 0 L i 00,3400
.
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B igh n nd Their Dollar Eff:

422.80

: WELGHTED ;

i FERFORMAMCE INDEXES DOLLAR EFFECTS ON FROFITS

: (14) ! (155 (15) (1rm ! (1€) ! (19)

i CHANGE IN ; CHANGE H CHANGE , CHRANGE

FRODUC-: FRICE FFOFIT-,IN FRODUC-! IN FRICE i IN FRAQFIT-

PTIVITY TIVITY | RECOVERY | ARILITY
cz ! ] H
Total Outout ' : H
Labor P 1.075 : : 60,00 | e, 00 | 158. 00
Raw Mater:ials i 0.860 ‘ H -56.00 103,20 47,20
Caoital 1,079 H z : 37.50 161.25 i 198.75
Enerav 0,992 1 ] 290 | -0.30 | 19.35 | 18.85
Total Inputs V1.2 0 1,192 0 1,220 1 41,00 | 381.80 |

REALST
So far, we've seen some of the strengths, limitations, and similarities of the earlier
TFPM versions. The latest version of REsource ALlocation STrategist (REALST)
addresses most of the limitations of the earlier TFPM versions. It handles aggregation of
multiple units of analysis, called centres in REALST terfninology, regardless of whether

they are independent or dependent. Using the same example as in Table 3.8, the following

tables and discussions show REALST's features.

Tables 3.14.1 , 3.14.2, and 3.14.3 are the raw data reports from REALST for
Plant X, Plant Y, and Firm A consolidated from the two plants, respectively.
Consolidation is done by summing up all inputs and outputs across all centres. Another
feature of REALST is the recognition of resource variability. In Accounting, some costs
are considered fixed and some are considered variable. REALST captures this data by

using the constant, REVA - resource variability. When REVA is assigned a value of 0, this
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means the resource has a fixed cost. When REVA is assigned a value greater than O to less
than 1, the resource cost varies proportionately with the product quantity as the REVA.

The other feature that can be observed from Tables 3.14.1, 3.14.2, and 3.14.3 is
the way REALST treats capital. To input capital into the REALST software, instead of
inputting the actual expense for capital for the value, the investment value of the assets
considered should be inputted. The software then computes the expense to be charged for
the use of the assets based on either the actual rate of return for the base or reference period
or a preset rate of return. For example, in Table 3.14.1, the actual rate of return was 10%
and the investment value of the assets employed was $2,500; the capital expense charged

was, therefore, $250.

Table 3.14.1;: REALST Raw Data Report for Plant X

VALUES are in DOLLARS

DESCRIPTION i REVA: REFERENCE PERIOD i REVIEW PER1OD : CHANGE 1n RATIO

: ' VALUE  QUANTITY  PRICE i VALUE  BUANTITY  PRICE i VALUE  GUANTITY  PRICE
01 : i 1000.0 200.0 5.00 ¢ 1000.0 250.0 4.00 ¢ 0.00000 0,25000 0.20000-
GRAND TOTAL Outouts : v 1000,0 1 1000.0 i 0.00000 0.25000 0.20000-
Labor 10,500 400.0 40.0  10.00 ¢  4556.0 38.0 12,00 ! ).14000  0.05000- 0.20000
Raw Material {1000 320.0 80.0 4,00 1 400.0 100.0 4,00 1 0.25000 0.25000 0.00000
Eneray | : 30.0 600.0 0.03 : 32.5 450.0 0.05 i 2.08333 0.08333 0.00000
Capital : v 250.0 250.0 1,00 1 280.0 250.0 1.00 1 0.,00000 0.00000 0.00000
AGBREGATE i i 1000.0 v1138.5 1 0.13850  0.03417 0.08000
Zap1tal 10,000 2500.0 250.0  10.00 ¢ 2500.0 250.0 10,00 i 0.00000 0.00000 0.00000

——

TOTAL ASSETS i i 2500.0 i 2500.0 i
PROFIT : : 230.0 ; 111.3 i
RATE of RETURN (1) : : 10.00 i 4.4 :
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VALUE

Labor
iEneray
Capital

.AGBREGATE

14

Vil LS are

REFERENCE PERIOD
BUANTITY

PRICE

DOL.LARS

for Plant Y

VALUE

REVIEW PERIOD
QUANTITY

1]
+
i VALUE

CHANGE in RATIO

QUANTITY

2193.0

0.07500 0.30000

2795.0

0.07500 0.30000

504.0
32.5
1570.0

0.05000 0.20000
0.08333  0.00000
0.00000 0.00000

Capital

TOTAL ASSETS
PROFIT

‘RATE of RETURN (%)

2500.0
S70.0
62,8

0.01274  0.04000

10.00

0.00000 0.00000

VALUES are 1n DOLLARS

Table 3,14,.3: REALST Consolidated Data Report for Firm A

! DESCRIPTION

REFERENCE PERIOD

VALUE

PRICE

REVIEW PERIOD

VALLE

PRICE

CHANGE 1n RATIOD
QUANTITY

PRICE |

01
02

1000.0
2000.0

3.00
10.00

1000.0
2795.0

4.00
13,00

0.25000
0.07500

'
1
'
'

BRAND TOTAL Qutouts

3000.0

3795.0

0.13333

Labor
‘Raw Material
Energy

Cacital

800.0
320.0

80,0
1820, G

10.00
4.00
0,05
k-

90,0
400.0

85.0
1820, 6

2.00
4,00
0,05
3.6

0.00000
0.25000
0.08333
. 00000

ArorEBATE

3000.0

3245.0

.02690

ThTAo ASSETS

0.0

5000, ¢
2370.6

47,40
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Tables 3.15.1, 3.15.2, 3.15.3, and 3.15.4 show the profit reports in different
levels of detail from the center detailed analysis to the firm's consolidated profit
reconciliation report. As mentioned earlier, REALST further breaks down productivity into
resource allocation (efficiency) and product volume (capacity utilization) components using
the concept of resource variability (REVA). The first three tables explain the difference in
profitability (REALST Profit Variance). Note that the REALST Profir Variance is not the
arithmetic difference between the values in the reference period and the review period. It
merely explains the change in profitability due to changes in productivity and price
recovery. If productivity and price recovery remained constant from the reference period to
the review period, the REALST Profit Variance would be zero but that does not mean that
the profits in both periods are equal because the product volume or the level of activity may
have changed. Table 3.15.4 explains the arithmetic difference ("profit change") between
the profits in the reference period and the review period using the REALST Profit Variance
and "change in turnover." The table also shows how REALST adjusts the analysis of the
profit change by taking out the prof ~om Plant X since Plant X's output is an intermediate
output that was used as an input to Plant Y. With this feature, REALST can then be used

for both ndent and i nt centers and pr
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Vil UES are 1n DOLL~RS

; : i EFFECT OF
i FEFEREKCE REVIEW | REALST !
i FERIOD PERIOD ; PROFIT ! PRODUCTIVITY © PRODUCT + RESOURCE {PRICE RECOVERY
H VALUE VALUE VARIANCE © 1 VARTANCE VOLUME '4LLOCATION: VARTANCE
: A B L = D + 6
1 H D = E + F
1TOTAL PRODUCTS ! 1000.9 1000.0 ! '
iLabor i 400.0 456.0 | 56.0-% 31.58 144,0 80.0 84.0 200.0-
Raw Material | 320.0 400.0 80.0-1 0,00 0.0 0.0 0.0 80.0-
‘Energy ! 30.0 32,51 2.5-1 15,38 5.0 0.0 3.0 7.9-
: LST Detail nalysi fit R forPlant Y
VALUES are in DOLLARS
H H H EFFECT OF
i REFERENCE REVIEW ! REALST !
H PERIOD PERIOD ; PROFIT | PRODUCTIVITY ¢  PRODUCT | RESOURCE ;PRICE RECOVERY.
H VALUE VALLE VARIANCE | 1 VARIANCE VOLUME 'ALLDCATION} VARIANCE
H A B C = D + 6
' : = E + F
{TOTAL PRODUCTS | 2000.0 2795.0 1 i
Labor : 400.0 504.0 | 35.0 ¢ 2,38 12.0 18.0 6.0~ 43.0
'Energy H 30.0 32,5 1% 9.4 0.71- 0.3- 0.0 0.3- 9.7
1ABBREBATE : 430.0 536,54 4.4 1 2,19 11.8 18.0 6.2- 52,7
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Table 3.15.3;: REALST Consolidated Detailed Analysis Profit Report for Firm A

VALUES are 1n DOLLARS

H : : EFFECT OF
i REFERENCE REVIEW ! REALST |
' PERIOD PERIOD § PROFIT & PRODUCTIVITY 1 PRODUCT ' RESOURCE [PRICE RECDVERY
H VALUE VALUE | VARIANCE | 1 VARIANCE VOLUME  TALLOCATION: YARIANCE
1 A B! L = 0 + b
: : D =k ¢ F
VTOTAL PRODUCTS ' 3000.0 3795.0 % ;
Labor ' 800.0 960.0 ¢ fo-t 16,25 196.0 73.0 78,0 19T 0
Raw Material i 320.0 400.0 1 0u0=i 0,00 0.0 0.0 (1] Bu. -
‘Enerav H a4, 0 S0 6.9 7.3 4.8 9.0 4.8 2.2
{AOOREBATE ; (180,06 1425.0 % 78.0 £l.a 234.8-

= 15,28 160.8

Table 3.15.4;: REALST Executive Report for Profit Reconciliation

T . CHANDZ

CENTRER SRLFIT I

CHAlGE TURNOVER

; . M E ¢ = 0 * -
'3.08300 Liaki:Z - Fiant i IRERNE N
TLOKEOT faakIie - Fiant b 0b8. 5 ol os. 4
JCONSOLIDATICN ; g2 O VI PN Ta-
i3Coekon t.agcie - Fiant K 250.G 111,55 138.5- (U] 130,5-
{LESS INTERMEDIATE ; 250.0 1.5 138.5- 0.0 138,59~
VADJUSTEL CONSCLIDATION ¢ 1576.0 2258.5 & 688.5 624.1 64,4
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The REALST software also generates cost analysis reports. Tables 3.16.1,

3.16.2., and 3.16.3 are sample cost analysis reports with varying levels of detail and in the

same logical fashion as the profit reports.

Table 3.16.1: Consolidated Firm A Detailed Analysis of Cost _Changes

06—24-1990 15:30:12 CONSOLIDATION COsT €1
Detailed Analysis
COMMON. LAEB ‘
Base or Reference vs. Current or Review FPeriod
VALUES are in DOLLARS

! : H H EFFECT OF !

i REFERENCE REVIEW | REALST 1§

) PERIOD PERIOD @ PRODUCT PRODUCTIVITY  PRODUCT ¢ RESOURCE ! RESCURCE |

| VALUE VALUE ! cosT ¢ 1 VARIANCE | VOLUME :ALLOCATION: 1 PRICE

' A B C = D + 6

i H D = E + F |
\Lapbor i 800.0 960.0 ¢ 30.0-1 16,29 156.0 78.0 78.0 20,00 186.0-~;
‘Raw Material H 320.0 400.0 ! 0.0+ 0,00 0.0 0.0 0.0 0.00 0.0
iEnergy : 60.0 65.0 ) 4,81 7.3 4.8 0.0 4.8 0.00 0.0 1

Table 3.16.2: Consolid Firm A Executive R of Cost Performance
VALUES are 1n LOLLARS

: : : EFFECT OF :

i REFERENCE REVIEW | REALST &

' PERIDD PERIOD ¢ PRODUCT i PRODUCTIVITY | PRODUCT : RESOJRCE @ RESOURCE:

H caosT £osT ! cosT: 1 VARIANCE : VOLUME (ALLGCATION} 1 PRICE

' A B L = ] b

H \ D = E + F H
13Comson Exasole - Plaat Xi 750.0 688.5 ! 49.0 5 18,77 143.0 60,0 83.0 10,67 1000
1Cosaon Exasole - Plant ¥ | 430,90 536.5 1 78.3-0 .19 11.8 18,0 6.2- 18.60 8o.0-
1CONSGLIDATION 1 1180.0 1425.0 1 25.3-1 1i.28 160.8 78,0 82.8 12,396 186. 0~
3losaon txamaie - Fiant X 756.0 #83.5 @ 49,01 e
1LE33 INTERMELIATE | 75440 888.5 1 49,0 1 4
ALJUSTED CONSCLIDATION 433.0 538,51 75.3-0 a2 io..8 78.¢ 8.3 0. B4 -

Cora
i
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T n imA nciliation Executive Report
VR UES 1 DO _ARE

; H : CONTRIBUTION FROM

i REFERENCE REVIEW & CHANGE . ---

: FERIOD FERICD | Ih FRODUCT RERLST

; oSt cost . st VOLUME  PRODUCT CO3t

' H B { = & + P
i3iomson Exasole - Flant X 750.9 88E.5 138.5- 187.5- 45.0
\Comson Example - Flant ¥ | 430.0 3369 1 108, 5- 32,3 74.3-
{CONSOLIDATION 1 1180.0 1425,0 4 245.0- 219.8- 25.3-
'3Coason Exasole - Plant X! 750.0 888.5 | 138.5- 187.9- 49.0
{LESS INTERNEDIATE | 750.0 868.5 ! 138.5- 187.5- 49,0
{ADJUSTED CONSOLIDATION 430.0 §36.5 ¢ 106.5- 2.3-

Finally, REALST also generates "challenge budgets." Table 3.17.1 is the REALST

software screen for generating challenge budgets. Given a particular centre and a reference

period data, the software asks for targetted percentage changes in preductivity, budgeted

sales volume, budgeted selling price, and a budgeted cost resource price.

Table 3.17.1: REALST Challenge B n
Centre number : 1
Reterence peri1od number : 1
Budaoet period rnumber :
Fercentage chanae 1n
Froductivitv reguired HE
Eudgeted sales volume : 8
Eudgeted selling prace :
EBudgeted cost resource price : 10
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Based on Table 3.17.1, REALST computes and generates a budget (Review period
data) as shown in Table 3.17.2.

1 : REALST Challenge B

CONSOLIDATION INFUT C1
Base or Reference vs. Challenage Eudaet

VALUES are in DOLLARS

: DESCRIPTION i REVA! REFERENCE PERIOD ' REVIEW PERIOD ' CHANGE 1n RATIO :
v VALUE  GUANTITY  PRICE i VALUE  GUANTITY  PFRICE ! VALUE  GQUANTITY  PRICE

o Db Meen0 200,00 S.00 0 11z4 2060 5.5 0 11246 G.08000 9,03000
e Por2006,00 200,00 10,00 0 222408 2160 10,301 11240 0.08000 0.03000
GRAKD T0TA. Dutouts R A L1280 008000 003000
Lanor Po.S6i Bi.d BOO 0.0c i 9051 B ILE L1314 ©.02857 0,100
Kaw Material DROG IO BGG SO0 3aLd BLI 440 Q3D 602857 0.10000
Erern S0 100,00 9050 7.3 IT3AT 0be i SIS w.02857 0.10000
lanites Cuwdb, 1ELau SOG4 T.ed D IBTLG SIAD T.ed 0 L2957 0.02857 . Gudue-
MRt YA L8503 .02857 6.03333

(SO HE) £

1820 200N

Ny AN

LTV Challenge Budgets

Table 3.18 shows how LTV develops a challenge budget using the same data in
Table 3.18.2. The difference in the challenge budgets generated by the two versions are
due to the following factors: (1) the way REALST computes the capital expense as
explained earlier, and more significantly, (2) because of the way LTV defines productivity.
LTV operationally defines productivity as cost to sales ratio, instead of total output value
over total input value. Note that in Table 3.18, the targetted productivity is deducted from

the cost to sales ratio of the base period to obtain the cost to sales ratio of the current
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period. Had LTV used sales to cost ratio and increased the ratio by the productivity target

(as shown in Table 3.19.1) and REALST applied the same rates of change on capital

expense (as shown in Table 3.19.2), the challenge budget generated using the two versions

would be the same.

Table 3.18: Budget Calculation with Inflation and 5% Cost to Sales Target Reduction
%&;
OUTPUT(SALES):
o Sales (Current $) 3,000 3,337.20 Sales Forecast (+8%)
» Sales Price Inflation % Base 3% Forecast
« Sales (Constant $) 3,000 3,240 = 3,337.2 + (1+3%)
PROD IMPROVEMENT:
» Target Improvement Base 5%

INPUT (RESOURCE COSTS):

» Cost to Sales % 100% 95% = 100 * (1-5%)

» Costs (Constant $) 3000 3078 = 3,240 * 95%

+ Cost Inflation Base 10% Forecast

» Costs (Current $) 3000 3385.80 = 3,078 * (1+10%)
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Table 3.19.1: Budget Calculation with Inflation and 5% Productivity Target

gggg ggrrgng !Qg'g
OUTPUT(SALES):
» Sales (Current §) 3,000 3,337.20 Sales Forecast (+8%)
« Sales Price Inflation % Base 3% Forecast
» Sales (Constant $) 3,000 3,240 = 3,337.2 + (1+3%)
PROD :
» Target Improvement Base 5%
INPUT (RESOURCE COSTS):
» Sales to Cost % . 100% 105% = 100 * (1+5%)
» Costs (Constant $) 3000 3085.71 = 3,240 / 105%
+ Cost Inflation Base 10% Forecast
» Costs (Current §) 3000 3394.29 = 3,085.71 * (1+10%)

Table 3.19.2: REALST Challenge Budget with Capital Expense Changing Just Like Other

Resources

CONSOLIDATION

bBase or Reference vs. Cheal

INFUT

lenae Budaet

VALUES are in DOLLARS

C1

DESCRIPTION i REVAI REFERENCE PERIOD : REVIEW PER1OD : CHANGE in RATID i
i ! VALUE  GQUANTITY  PRICE ¢ VALUE  GUANTITY  PRICE ¢ VALUE  QUANTITY PRICE

01 : i 1000.0 200.0 3.00 ¢ 1112.4 216.90 5.15 ¢ 0.11240  0.08000 0,03000
02 i i 2000.0 200.0 10,00 ¢ 2224.8 216.0 10,30 1 0.11240  0.08006 0.03000
GRAND TOTAL Outputs i i 3000.0 o332 i 0.11240  0.08000 0.03000
Labor 1 0.500  800.0 80.0  10.00 i  905.1 82.3 11,00 ¢ 0.13143  0.02857 0.10000
Raw Material 11000 320.0 80.0 4.00 7 362.1 82.3 4,40 1 0.13143  0.02837 0.10000
Energy 11,000 60.0  1200.0 0.05 § 67.9 12343 0.06 ¢ 0.13143 0.02857 0.10000 :
‘Capital i 0,000 1820.0 500.¢ 3.64 1 2059.2 314.3 4,00 ¢ 0.13143  0.02857 0.10000
AGOREGATE ] v 3000.0 b33N i 0.13143  0.02857 0.10000
PROFIT 1 : 0.0 i 51.4- :
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I'have presented in this chapter the features and differences of the available TFPM
versions. Based on these features, TFPM applications for the case studies in the following

chapters were developed.
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h r 4 - Pil : Pl [easure Overall
Plant Performance

This pilot case (1) illustrates user information needs, methodological requirements
and issues involved, (2) describes the process of developing a TFPM application and how
data are collected; (3) looks at alternative ways of analyzing and resclving methodological
issues; (4) illustrates the differences between available TFPM versions,; and, (5) helped in
defining my research methodology.

Plant A is owned and managed by one of the fastest growing pharmaceutical
companies in the U.S. with a present annual revenue of about $1.5B. They would like to
be able to sustain growth and excellence by continuously improving their operations. They
have instituted various programs and innovations, each with its own estimated benefits,
and would like to be able to measure the overall effect of all their improvement efforts,
show period-to-period changes and trends, and relate the changes to present financial

measures. This is how they got interested in using TFPM.

Major Findings, Conclusions, and Lessons Learned (Summary)

After identifying the user requirements through a series of meetings and looking at
the available data, I looked at alternative ways of providing for their information needs.
After matching the user requirements (including organizational conditions and data
availability) with the available TFPM versions, I concluded that only Gollop's model,
SCORBORD and REALST could come close to responding to their needs. I will discuss
how I came to this conclusion and how both the SCORBORD and REALST applications
were developed in detail. Gollop's model produced inconsistent results. REALST could
actually address all the user needs except that after running REALST, a report portraying

the major findings and conclusions needs to be manually prepared by an analyst for
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managers' use. None of the presently-available TFPM versions offer a comprehensive
information portrayal feature.

The main issue in this case is modelling the plant operation with two main
operations and considering work in progress (WIP). Only REALST and Gollop's model
have the capability to aggregate data from multiple units of analysis to a higher level unit of

analysis such as aggregating data from departments to the plant level.

VPC Is Helping Plant A Implement TFPM

VPC got involved with Plant A when their Sr. IE contacted Paul Rossler, an
associate at the Center, asking for VPC's assistance in implementing TFPM in their plant.
This call led to a one-day visit by this Sr. IE to VPC. During the visit, Paul Rossler and I
briefed him on general measurement and TFPM concepts and methodology. We also
started drafting Plant A's Input/Output Analysis (See Figure 4.1). The I/O Analysis was
developed by first explaining what it is and why it is necessary for designing a TFPM
application. Based on our explanation and guidance, Plant A's Sr. IE drafted their plant's

I/O Analysis.
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SUPPLIERS

Plant A
Parent Co.
and other
subsidiaries

Packaging suppliers

INPUTS

raw materials:
chemicals
solvents
components
cars

packaging supplies

Labor market labor:
drect
QA
other technical
Placement co. temporary
>
Contractors contract services
purchased services
City utilities
’.
Corporate office capital

FDA data and information
R&D specs/requirements
VP Sales/Marketing  sales forecasts

>

TRANSFORMATION OUTPUTS CUSTOMERS
PROCESSES
Production Planning | Finished products  Plant A
tablets Distribution
Material Planning antibiotics
capsules

Manufacturing >

Solvent waste
Packaging Waste Recycling

Wooden pallets ‘o.
Warehousing

New product and
Quality Assurance package specs FDA

Corporate office

Product and Packagq Trained personnsl  R&D
Development

Shipping reports Lator market
Maintenance

Mgt. reports, P&L
Engineering

-

Training
Facilities Engineering

OUTCOMES

Sales forecast
met on time and
right quality

Customer satisfactiory
Growth, P&L
Competitiveness
Quality of Life
Innovation
Environmental
Requirements

Met

Quick turn around

Figure 4.1: Plant A's Plant Input/Output Analysis

Based on our inputs, Sink's (1985) Productivity Management, and using

SCORBORD (VPC's TFPM software; I also refer to VPC's TFPM version as

SCORBORD), Plant A's IE group started developing a TFPM application on their own.

After about a year, Plant A's Sr. IE called again asking us to help them determine

their data requirements to be able to apply TFPM using SCORBORD. In response to this

request, Joy Davis, VPC's Software Manager, and I visited their plant. Note that the

original intention was to use SCORBORD. This is the reason why some discussions
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focused on SCORBORD. However, I also considered alternative ways to approach this
case.

The following sections document what we discussed during our two-day visit and
some afterthoughts. These include the agenda for the two-day visit, user requirements,
research issues, resolution of methodological/implementation/data collection issues,

software design considerations, action items, findings, conclusions, and future directions.
Agenda of Two-Day Visit to Plant A

Day 1 a.m. Plant tour to familiarize ourselves with their operations and concerns
Briefing on available data and problems encountered

p.m. Discussion of possible resolution of issues

Day2 a.m. Visited Accounting and Production Planning to investigate data sources
Finalized resolution of issues to be discussed with IE manager

p.m. Meeting with IE manager on resolution of implementation issues

While we went to Plant A as expert, solution provider, we also played roles of
other professional modes such as active listener, challenger, and/or data gatherer (Morris,
1979). Many of their problems deal with data stored somewhere but not readily retrievable
in a few reports or computer screens for use as TFPM data.

Our main client is Plant A's IE Department. They are looking for tools to better
present information to their decision makers regarding overall performance. The IE
Department is in-charge of performance improvement efforts for the plant and would,
therefore, want to measure the results of their improvement efforts and pinpoint areas for
further improvement. The IE Department has regular meetings with Plant A's management
to present and discuss progress on the improvement efforts. Hence, the IE's have a good

feel for what information the managers need.
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Plant A has two main operations: Manufacturing and Packaging as shown in Figure
4.2. Manufacturing produces bulk materials for Packaging. Before bulk materials are
packaged, they are stored in the warehouse for at least 8 days to await quality control
results until they are packaged. Packaged products are then sent to the distribution

warehouse as finished products -- Plant output.
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Figure 4.2: Plant A's Plant Workflow
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Plant A's Managers and IEs Are Concerned About the Following
Information, Decisions, and Actions

The following information needs and organizational conditions are what we
compiled from the meetings with Plant A's IEs. These are what they need to present and

discuss with their managers to better manage their Plant performance.

1. Plant A has implemented productivity improvement efforts, each with estimated dollar
savings. However, they want TFPM to show the overall impact of all improvement
efforts on plant performance that can be related to profitability. This is clearly an
information need of both the IEs and Plant A's management.

2. Plant A has two main operations: Manufacturing and Packaging. They want to see
the effects of work-in-process (WIP) on overall performance. They believe this is a
significant cost that can be minimized by better production planning and coordination.
This points out a significant problem in matching inputs and outputs. Within a
particular period, the inputs used will not actually be the same inputs used to produce
the outputs of that period, because of WIP. The two problems here would be how to
match outputs with their corresponding inputs and how to determine period lengths to
consider and/or minimize discrepancies associated with output/input matching. This
is an organizational condition that a TFPM application must consider. The
information need here is to ascertain the effect of WIP to see if any decisions and
actions need to be made on improving production planning and control.

3. They want to simulate what input and output changes are needed o attain
improvement objectives and analyze where the opportunities are for productivity
improvement. They want to be able to play "what if" games to evaluate strategies for
improving performance. The information needed is how to allocate resources so as to

maximize productivity and profitability.
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4. They want to measure partial productivity of indirect labor and show that material
input is more significant than labor - to focus on reducing scrap during good times in
order to gear up for possible bad times. This is clearly another information need.

5. Some data are not in the form for directly feeding into TFPM. Material costs are all
recorded in standard costs, not in actual unit costs as purchased. This is clearly an
organizational condition that a TFPM application needs to consider.

6. Plant A has various products that use different inputs, i.e., some products use only a
few of the inputs. How will TFPM consider and model this situation? The

information need here is measuring productivity by product.

Resolution of Implementation and Data Collection Issues

1 & 4. SCORBORD can provide the first two information requirements. Total-Factor
Productivity Measurement (TFPM) was conceived mainly to answer Number 1.
However, SCORBORD has been designed to also show partial productivities such as
indirect labor and materials productivities. All indirect labor, including accounting
and other plant support services, will be included in indirect labor input. Research
people not directly supporting the plant will be excluded.

2. The inital thinking was to use one month for the period length. However, a
significant quantity of bulk inputs to packaging comes from WIP not manufactured
during the same months. Hence, inputs within a month are not necessarily the same
inputs used to produce the outputs for that month. On the other hand, tracing back all
the actual inputs used to produce the outputs of the month will not only be a tedious
process, but a significant portion of the inputs were actually used during previous
months.

Taking all the outputs in a three-month period and all the inputs within the same three-

month period will provide a more representative picture of actual inputs used to
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produce the outputs within the same three-month period. This was verified by
checking production plans versus actual production reports for three-month periods.
Over three-month periods, both production plans and actual production looked
constant. Even if there were a lot of month-to-month variations in production mix,
they leveled off in three months. One of Plant A's IEs verified this observation with
people who have been working with this information and they confirmed our
observation. Hence, even if the inputs used for SCORBORD are the inputs used for
the quarter and not exactly what was actually used to produce the outputs for that
quarter, they'll be reasonably close and will be a good indicator of actual plant
performance.

Budgets will be used for the base period until Plant A's management is
confident they have enough data that is representative of a typical three-month period
which they can use for the base period.

The present version of SCORBORD directly addresses information need number 3 to
a limited extent; it uses a triangular distribution on quantities and prices of inputs and
outputs. However, information need number 3 can still be addressed even without
the simulation routine by doing SCORBORD (or any TFPM version) runs plugging
in alternative inputs and outputs. Another approach for getting information on
optimum resource allocations is to use other optimization methods such as
mathematical programming.

Price variances from standard costs will be obtained from Purchasing to get the actual
cost of inputs.

The output of the plant goes to the distribution warehouses and not directly to

sales. Hence, cost of goods produced based on standard costs will be used as output
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prices. This implies that the plant will only be profitable if production costs stay
lower than standard costs.

Plant A manufactures and packages many different products; ¢ach product is made
from different raw materials and components. A TFPM application can be designed
to show this level of detail. This entails breaking down all inputs, labor, material,
and energy into their individual contributions per product. Sumanth's version was
designed to measure productivity of each product and then aggregate the measure to
the plant or firm level. Gollop's model and REALST can also do this. We didn't
think Plant A will want to go into this level of detail at this point, nor did we
recommend they do so until they have "perfected” the plant level, macro productiviry
measurement. What we recommended was to break up their outputs and inputs into
the following major categories to balance their detailed requirements against simplicity

of the initial application:

Outputs

. Major Product, called X SKUs (their measure of output)
. All other solid dose SKUs
. Cream SKUs

. Capsule SKUs

Inputs
. Labor
- direct
-QA
- other technical
. Materials
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- Major Product raw material
- All other manufacturing materials
- Components

. Energy

Since there were no significant changes in capital resources, Plant A was not
interested in including capital as an input. This may be done as an enhancement in the
future.

Table 4.1.1 is a simplified but representative sample of an initial TFPM application
data for Plant A, i.e., they have been disguised to maintain confidentiality. Note that this
table shows WIP through the figures in italics. For example, in Quarter 1, Manufacturing
produced 1,100 units of Bulk materials; Packaging used 1,000 ; so overall, the Plant had a
new WIP of 100. The 100 units of bulk are considered as inputs for the whole plant to
penalize the plant for not balancing the production between Manufacturing and Packaging,
and producing more WIP. The 1,100 units of bulk produced by Manufacturing are not
considered as plant outputs; these are inputs to Packaging. Also, the 1,000 units of bulk
used by packaging are not considered as plant inputs as they actually came from
Manufacturing. On the other hand, the second quarter shows the Plant using -100 units of
bulk. This is a way of rewarding the Plant for balancing production and getting rid of

WIP.
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Table 4.1.: Sample In

------- Quarter 1 [ERTCEEE e Quarter 2 semeemanees
(1) (2 (3) (4) (5) (6) 7 (8) (9) (10) (11) (12) (13) (14)
Unit Price  Manufacturing Packaging Piant Unit Price  Manutacturing Packaging Plant
and Cost Quantity Value Quantity Value Quantity Value | and Cost Quantity Value Quantity Value Quantity Value
Bulk 4.00] 2100 4400 0 0 4.00] 7200 | s200 0 0
K SKUs 25.00 150 3750 150/ 3750 23.00 0 160 3680 160 3680
Other SKUs 15.00 300 4500 300] 4500 18.00] 0 280| 5040 280 5040
Total Output 4400 8250 8250, 5200 8720 8720
Inputs ] o R
Direct Labor 10.00 40 400 40 400 80 800 12,00 38 456 42 504] 80 960|
indirect 15.00 30 450 30 450 60 900 16.00 33 528 28 448 61 978
Total Labor 850 850 1700 984[: 952 1936
Major input 200 1200] 2400 0 1200{ 2400 230] 1300 2990[ 0] 1300] 2990
Mig. Mts 1.00] _1000] 1000 0 1000 1000 1.00 800 800 o] 800 800
Bulk 4.00 ol p920 | 4000 100 400 4.00 0| J499| 5600 -100| -400
Comoonents 1.00 0] 2000l 2000[ 2000] 2000 0.80 O] 2200] 1760] 2200/ 176¢
Tota: Muis. i 3400 6000 5800[ 3790 7360 5150]
- - ]
Energy 2.05_ 3008 150[ 3000 150 6000 300 0.05] 3000 150] 3000 150] 6000, 30¢]
Tota: inouts 4400 7000 7800 4924 8462 7386

An important lesson I learned while setting up this application was the need to
carefully model the situation. I wasted so much time trying to directly set up the
applications using three different models/versions just to end up concluding that the
application did not adequately fit the situation. I had trouble modelling the two main
operations of Plant A with WIP in between. The main issue here is consistent data
aggregation. I almost jumped to the conclusion that TFPM would niot really be able to
model the situation. It was only after carefully reviewing the operations process flow that I
realized I could consider another operation -- Warehousing, even if it was not value adding,
just so I could portray WIP. In the broad sense, what I realized was the need to first go
back to basics, analyzing process flow diagrams, to be able to advance to more

sophisticated methods.
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Alternative Models/Versions To Use for this Application

The first user information need required productivity to be tied up with profitability;
hence, the Productivity Indices TFPM model (Davis', Craig and Harris', LTV's, etc.)
cannot be used for this case as it does not relate productivity to profitability. The choices
therefore are the Profitability = Productivity + Price Recovery (PPPR) model or Gollop's
model. I used Gollop's model but it gave inconsistent results when the base period total
revenue did not equal the total cost and when I used negative quantities to represent WIP.
The PPPR versions I tried are VPC's SCORBORD and REALST. APQC's is basically the
same as VPC's and FPM is basically the same as REALST. Miller's version is not
applicable since there really is no need for cumulative deflation. Following are the results

from the SCORBORD and REALST applications.

SCORBORD Can Provide Most of the User Requirements
The SCORBORD application was set up with three separate SCORBORD runs:
overall Plant level, Manufacturing, and Packaging. The SCORBORD tableaus, Tables 4.2
- 4.4, show data and information on change ratios, cost drivers, productivity ratios,
performance indices, and dollar effects of performance changes. They show the period-to-
period changes in profitability, price recovery, and profitability and their corresponding
dollar effects. In particular, SCORBORD provides most of the user information

requirements as discussed in the following:
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B

for Plan

. FERICD @ : FERIQD 2
; S : ad} : (e : (4) : :
VSUAIITITY:  FRICE VALUE

TTS0. 00

S500, 00

QUANTITY!
160.0 3

280.0

Jirect .abor ' G, 0 10.00; 8OO, 0O 80.0 00! &0, L0
ngirect Lapor , IR PRa 1S.00, SO0, 00! 61.0 .00 F7c. Vi
Total Labtor H ! H 1700,00! ! H 1936. 000

H ——— ' ) | - !
1ator Inout H 1200.0 2.00: 2400,001 1300.0 | 2.30¢ 29%0.00!
1tg. Mtls. H 10000 1,001 1000, 00! 800.0 ! 1.00} 800,00
ulk Mtls, ! 1060.0 4,001 400.00!1 -100.0 | 4.00! -400.00!
lomoonents P 2000,0 1.001 2000,00F 2200.0 ¢ 0.80! 1760, 00}
fotal Matls, H | H S80G, 001 H ' S120.900:
neragv tb000,0 0,05 Z00.001  6000,0 ! 0,031 300, 00!
‘otal Inputs H ' H 7800,00! H ! 7386.00:
. . - e —_—t o b e et

Table 4.2.2: SCORBORD Change, Cost/Revenue, and Productivity Ratios

PRODUCTIVITY
RATIAS

COST/REVENUE
RATIOS

H WEIGHTED
' CHANGE RATIOS

(7> H (8) H (G2 | (10) H (11 H (12) H (13)

GQUANTITY! FRICE ! VALUE !PERIOD 1!PERIOD ZI!FERIOD Ll!PERICD 2
X SKUs b1.0667 1 0.9200 | 0.981 ¢ H H H
Other SKUs ! 0.9333 ! 1.2000 | 1.120 i H H H

H H H i H H '
Total Outout P 0.9939 ¢ 1.0634 ! 1.057 ! H H !
Direct Labor V1.0000 1 1.2000 1 1,200 1 0.0970 V10,31 0 10,28
Indirect Labor PlL0187 1 1.0667 1 1,084 ) 00,1091 1 0.1119 ¢ ?.17 1 8.%6
Total Labor 11,0088 1 1.1289 1 1.139 1 0.2Z061 ¢ 0,2220 4.35 | 4.7
Maror Input VO1LOBIT 0 1.1S00 1 1,236 1 0.2909 1 0.IT429 .44 T. LS
Mfg. Mels. V0L 8000 11,0000 0 0,800 ¢ 0,1212 1 0.0917 8.2% ! 129
Bulik "tls. P=1.0000 11,0000 (=1,000 10,0435 1 -0,0459 | 20.8T 1 =Zd.S0
Zompcnents P1.1000 0 D.8000 1 G.880 1 0.2424 1 0.2018 4.12 R
Total Matls. P 0.8966 1 0.9904 1 0.888 1 00,7030 i
Smerav F1L 0000 1 1.0000 1 1,000 10,0368
Total Inouts P 0L92S0 1 1.0237 1 0.947 1 0,9455 1 0.8470




1. SCORBORD gives an indication of overall plant performance. Table 4.2.3 shows
plant productivity improved by 7.5% and price recovery improved by 3.9%, producing an
11.6% increase in profitability for the whole plant. Dollar effects of these improvements :
are also shown. Tables 4.3 and 4.4 show details on the performance of Manufacturing andi
Packaging. They show that while overall plant performance looked good, there are:'
problems with Packaging's productivity. Manufacturing has been very productive that
even if its price recovery has decreased, its profitability still increased.

A question that may arise is that when we look at the dollar effects of Packaging's
decrease in productivity, it may look too high to be offset by the increase in price recovery
of Packaging and the increase in productivity of Manufacturing. The explanation here is
since SCORBORD was used separately on Manufacturing, Packaging, and the Plant as a
whole, there is really no direct mathematical relationship between the figures obtained.
Intuitively, the difference in magnitudes of the dollar effects could be explained by the fact
that Packaging's total cost was artificially higher than the Plant's total cost for the second
quarter as it used up more bulk materials than the Plant had in its warehouse; while the
Plant was "rewarded" with using -100 units of bulk. This will be discussed further when I

discuss WIP in the next paragraph.



i WEIGHTED '
i PERFDRMANCE INDEXES ! DOLLAR EFFECTS ON FROFITS
' (14) ¢ (1S) (16) (17) i 18) H (19)
] CHANGE IN i CHANGE | CHANGE | CHANGE
'PRODUC~! PRICE !PROFIT-iIN PRODUC-: IN PRICE ! IN FROFIT-
{TIVITY {RECVRY ABILITY! TIVITY | RECOVERY | AERILITY
H H i H H H i
X SKus H ' H H ! }
Other SKUs H H H H H ! \
Total Outout H ! H H H '
Direct Labor ! 0.994 | 0.88s6 | 0.881 | -4.85 |- -109.58 | -114.42
Indirect Labor V0,978 1 0,997 1 0.97% ! -20.45 | -4.27 -24,.73
Total Labor V0,985 1 0.942 1 0.928 ! -25.30 ¢ -113.85 ! -139.15
Malor I[nout P0.R17 1 0.925 1 0.848 7 -214.55 ¢ -278.7% 0 -45Z.2
Mfa. Mtls. Vol.237 0 1.0863 0 1022100 177.94 | &2 Lo 236.97
Buld Mtls. 1w, R94 ) 1L.06T 1 -1L057 797.58 25,21 822.7%9
_omponents Vw904 1 1.229 0 1.201 0 =212.012 1 S66.06 353.94
Total ™Matls. Pl.109 0 1,074 0 1.190 S64.85 415.38 F80.42
Znerav L 0.994 | 1.287 -1.32 ¢ 18.91 1 17,09
Total Inmouts V1L 7S l1.116 SIT.7C T20.64 8538.T6
Table 4 RD forM i
J FERIOD 1 ; FERIOL 2
' 1) ! (2 () ' 4) ! (5 ! (&)
i QUANTITY! PRICE ! VALUE | QUANTITY!: PRICE VALUE
Bulk ! 1100,0 1 4,00 4400.00. 1200.0 4,00, S200.00
Toctal Outcut H | ! 4400,00! H
Oi1rect Laoor H 40,0 10,00 400,00 ‘_1);
Indirect Labor J0.0 15,00} S0.00) 16,00 528,00
Total Labor H H H 830.00 H H F84. 00
Majlor Input V 120Q.0 2,004 2400.00 1Z00.0 2,301 2990, 00
Mfa. Mtls, H 10000 ¢ 1.00) 1000, 00, 800.0 & - 1.00, 800, OO
Total Mtls. H B ! 2400, 00! H H 790,00
=znerav V2000 0 0,031 1S0.00%  ZT000.0 0,05 150. 00
Total Inputs : H ' 4400,00} ' | 4924, 00
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Table 4,3.2: SCORBORD Change, Cost/Revenue, and Produ;tivity Ratios

i WEIGHTED : COST/REVENUE | PRODUCTIVITY
: CHANGE RATIOS { RATIOS ! RATIOS
: (7y 4 8) 1 (9 1 1oy v (11 b 12y (1
. PQUANTITY! PRICE ! VALUE (PERIOD 1:FERIOD 2!PERIOD 1!FERIOD 2
Bu1§ ! 1.1818 { 1.0000 ! 1.182 ! ! : :
1 ) ] 1 1 [l v
Total Output ! 1.1818 | 1.0000 ! 1.182 ! : : !
Direct Labor P 0.9500 ! 1.2000 ! 1.140 ! 0.0909 ! 0.0877 ! 11.00 ! 13.48
Indirect Labor P 1.1000 1 1.0667 4 1.173 4 0.1023 ! 0.1015 ! 9.79 | 10.51
] ! ! } H : !
Total Labor 11,0294 11,1246 1 1.158 | 0.1932 ! 0.1892 ! 5.18 ! S.94
Major Inout {1.0833 1 1.1500 ! 1.28& ! 0.5455 ! 0.57%0 | 1.83 ! 2.00
Mfg. Mtls. i 0.8000 11,0000 | 0.800 | 00,2273 1 0.1578 | 4.40 | 6.50
Total Mtls,. i 1.,0000 7 1.1147 § 1.115 ! 0.7727 | 0.7288 | 1.29 1.33
Eneray P1.0000 11,0000 1 1,000 1 0.0341 10,0288 ! 29.33 ! T4.&7
Total Inputs V1.0057 | 1.119 {1 1.0000 | 0.9449 ! 1.00 3

1.1128 !

RBORD Performan

1.18

i
]
1
i

i WEIGHTED
~ERFCRM=ANCE THDEAES H DOLi.~~ EFFECTS CN PROFITS
{14 (1S (15 (17 ! (18 | (19)
: CH=NGE IN CHRNGE | CHANBE ! CHANGE
'FRODUC-: FRICE (FROFIT-:IN FRODUC-! IN FRICE i INMN FROFIT- !
'TIVITY 'RECVRY JABILITY:! TIVITY . RECGCVERY ABRILITY
Bulk ! H . . '
Total OJutout H H H H H H
Direct Laocr 1,244 0 0.83T 0 1.037 PT.TT -76.00 | 16.77
ingirect Labor | 1.074 1 Q.927 1 1,007 | 36.82 i =TT.00 3 .82
Total iLaoor 1,143 0 0.889 1 1.021 129.85 ¢ 109,00 20,35
Maior Inout 1.091 0,370 1 0.949 z P =390,00 -157.64
M+a. Mtls. 1.477 1,000 | 1.477 4 ; O, 0¢ z81.82
Total mMtls. L.182 0,397 1 1.060U | e O I 2728.18
Inergv L1820 t.owo o 1.182 ! e O I7.27
Total Inpouts i1.17S 03,899 1 1.056 H -3499, 00 276,00
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for Packagin

! FERIOD 1 FEFISD Z N

: (1 ' (2 i ] : (35 ! (5. ; (&)

O QUANTITY ! FRICE VL UE i QUANTITY! FRICE ° ALUE
X SkUs 1500 25,00, 3750.,001 160.0 3 220005 Ted0, 00
Ctner SkJs ; TOOLD 15, O LEGOG, 000 280,00 18, 00 SOA0 ., 00
- - fmm—m e ‘- | m———— : ; —— -
Total Outout ) H | 8250. 00, | : 8720.C0
==ssssmsS=Sss====sx | E==ssssss | = s==Ss==sS=Ss ) = -t 1 3 HEEE T 3 e T T
Direct Labor H 40,0 | 10,00] 400,001 42,0 12.00] S04, 00
Ingdirect Labor | 0.0 0 15. 00, 450,007 28.0 1o. 00, 448. Q0
Total Labor } ' 1 820,00, | | S2.00,

P H -_—— : : ;
Bulk Mtls. H 1000.0 ! 4,00 4000, 001 1800,0 4,001 S600, 00!
Components H 2000,0 | ' 2000, 00, 200,00 .80} 1760, 00

H H H i H ' .
Total Mtls. ) ! H &LOOO, 00! H H 760,00
- : : -1 : ; ! -
Enerav i Z000.0 0. 051 150.001 ZTO00.0 0,030 150, 00
Total Inobuts H B ' 7000,00] | ! 8462. 00,

. . I S . R ,

Table 4.4.2: SCORBORD Change, Cost/Revenue, and Productivity Ratios

CHANGE RATIOS

(7)

GUANTITY

WEIGHTED
8) i (9)
FRICE

(10)

COST/REVENUE
RATIOS

oy

FERIOD li{FERIOD 2

FRODUCTIVITY
RATIOS
(12) i (1)

| |
\ H | i

X SkUs V1,067 1 0.9200 1 0.981 ! i !

Other ShHus Y 0.9333 0 1.2000 1 1.120 :

Total Output V0,999 1 1.0634 1 1.057 ! H

Direct Labor i 1.0500 ¢ 1.2000 | 1.260 | 0.0485 | 0.0578 | 20.63 ! 19.52

Indirect Labor | 0.9333 | 1.0667 | 0.996 | 0.0S545 | 0.0S14 | 18.33 ¢ 19.352

Total Labor P 0,9882 1 1.1333 1 1.120 1 0.1030 1 0.1092 | 9.71 1 ?.76

Bulk Mtls. T1.4000 1 1,0000 1 1,400 | 0.4848 1 0.6422 | 2.06 1 1.46

Components P1.1000 1 0,8000 1 0.880 1 0.2424 1 0.2018 | 4.13 3.73

Total Mtls. P1.3000 10,9436 L2227 1 0.7273 0 0.8440 ¢ 1.38 ¢ 1.08

Energy P1.0000 1 1.0000 1 1,000 1 0.0182 | 0.0172 ! 5S5.00 ! 54.67

Total Inputs P 1.2857 4 0.9627 1 1,209 | 0.848S5 | 0.9704 | 1.18 | 0.93

(FERIOD 1:FERIOD 2
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Table 4.4.3; SCORBORD Performance Indices and Dollar Effects on Profits

FEZRF JRMANLE INleEsZS . Liemi EFFEZCTS G FRUFITE
(14) (13) (1&6) (L7 ' (18 . (19)
! CH=ANGE IN . CHRNGE H CHANGE . CHAMNGE
'FRODUC-: FRICE !FROFIT-!IMN SRODUC-: IN FRIZE ! IN PROFI7T-
VTIVITY (RECVRY TABILITYS TIVITY i RECOVERY | mELLITY
X SkUs : B ' ' ' ;

Other StUs ! H : :

Total OQutput | H H !

Direct Labor P 0.947 1 0,886 | 0.839 ! -22.42 -28.77 | -g1.21
Indirect Labor V1,065 1 0,997 1 1,062 27.27 Q.26 0 27.04
Total Labor VlL00s 1 0,928 1 0.944 ¢ 4,25 | -S3.42 -5-.S8
Bull Mtls. V0.710 4 1.067 1 0.788 1 —-1624.23 282,12 0 -127Z.12
Compoonents 0,204 1 1,329 1 1.201 0 =212.12 Sb0.06 | 287.94
Total Mtls. P 0.76S 1 1,127 0 0.862 1 -18I6.36 818.18 ~1013.18
Energav U 0.994 1 1,007 1 1.0S7 0,71 9.4 i §.55
Total Inouts 0.7 0 1,108 0 0.874 1 -1332.42 769.21 1 -10el. 21
2. The biggest challenge in this case study has been how to effectively model two

main operations and WIP in between. My recommendation is to portray the data as in
Table 4.1, which was discussed earlier. Both Manufacturing and Packaging operations
will be portrayed based on what inputs and outputs they actually have while WIP will be
portrayed at the Plant level. SCORBORD has effectively portrayed WIP as shown in Table
4.2.3. Bulk materials productivity was shown to have increased significantly from Quarter
1 to Quarter 2. Recall from Table 4.1 that in Quarter 1, the Plant was penalized with an
additional input of 100 units of bulk for adding that much to WIP while it was rewarded
with a -100 units of bulk for the second quarter for reducing WIP.

While this information portrayal may sound reasonable to an intuitive manager, it
may not be good enough for a sensing (see Myers, 1980) manager who may be looking for
hard data and proven mathematical relationships. This will be addressed by the REALST

application.
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3. To use SCORBORD for playing "what if' games, the user can plug-in different sets
of data, run the program, and interpret results as in usual simulation routines.

4. While SCORBORD is primarily for calculating total-factor productivity, partial
productivities are also calculated. Performance indices and their corresponding dollar
effects are shown. Table 4.2.3 shows that labor productivity has decreased primarily due
to a big decrease in indirect labor productivity while labor price recovery has also decreased
this time primarily due to a big decrease in direct labor price recovery. It also shows
materials productivity, price recovery, and profitability have all increased mainly due to

improved productivity for bulk and better price recovery for components.

REALST Can Provide All the User Requirements

Unlike in SCORBORD where 3 separate runs needed to be made for
Manufacturing, Packaging and the Plant as a whole, REALST has a way of aggregating
Manufacturing and Packaging into the whole Plant. This is simply done by adding outputs
and inputs of the units of analysis being aggregated. However, to take care of the WIP, I
added a third attribute or centre (this is what the REALST literature calls a unit of analysis),
Warehouse. Tables 4.5.1 -4.5.4 show REALST data.

Table 4.5.1 shows the data for Manufacturing. Note that this table contains almost
exactly the same data as Table 4.3.1 and part of Table 4.3.2. of SCCRBORD except that
the change ratios are portrayed with a slight difference. SCORBORD uses 1.1818 while
REALST uses .1818 for change in bulk quantity and value. SCORBORD uses .95 while
REALST uses -.05 to both mean a decrease in the quantity of direct labor.

The more significant difference is the use of resource variability (REVA) in
REALST. Use of resources can be fixed or variable. Indirect labor and capital equipment
may be fixed resources; their cost does not change with the quantity of output. Some other

resources like materials and direct labor may vary directly with the quantity of output.
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Others such as energy may be semi-variable; a part of it varies with output while a part is
fixed. REALST considers this variation in the use of resources by requiring users to define
whether a resource is fixed or variable. A zero in the REVA column means the resource is
fixed while a nonzero number estimates how the resource varies with the output. A one
means the resource quantity should change one unit for every unit of change in the output
quantity.

Table 4.5.2 represents the data for Warehousing - WIP. This is actually a dummy
attribute I'm using to represent and adjust for WIP. Recall that the outputs of
Manufacturing are used as inputs to Packaging and therefore, only the outputs from
Packaging should be considered as Plant output. In SCORBORD, the consolidation or
aggregation of Manufacturing and Packaging data to Plant level was done manually.
REALST does the consolidation by adding inputs and outputs across all attributes that have
to be aggregated. Hence, if I didn't use a dummy attribute (Warehouse), outputs from
Manufacturing will be added as part of Plant output. What I've done is to use output
quantities for the Warehouse with the negative output quantity of Manufacturing so that
bulk will not show up as a Plant output in the consolidation. I have also used negative
numbers in the input rows to be able to get the actual usage of bulk in the consolidation. I
have to resort to adjusting data so I can get the desired portrayal of the situation in the

consolidation at the Plant level.
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pase - Quarter ! vs,

VaolZE oare

lurrent - Guarter 2

in DGLLARS

LEECRIFTION REVA: RITERENIZ Ferioc REV IEs Feriog IRANIZ In RATIC

H VALLE  GUANTITY PRIZZ . VALLT  GUANTITY FRICE VELLE QUANTITY  SRICE
Bul HE- LN 000 R 520000 1200,0 S = {81¢ UL
Total dutouts L 4400,0 5200.0 1218 CULBIE 000D

‘Lapo~ ; i i
iDirect 1.00: 400.0 40,0 10,00 4 456,0 8.0 12,06 1 C.1400 0.0500- 0.2000
Indirect v 0.008 430.0 30,0 15,00 228.0 a0 1o.00 ¢ 01723 0.100¢  G,0667
i Total Labor : 1 850.0 ; 984.0 01976 0.0294  (.1246

\Materials i H H i
Major Input P 1,000 2400.0 .0 2,00 ' 2990.0 1300.0 2.30 0 0.2458 0.0833 0.1500
Manufacturing Materials | 1.00: 1000.0 .0 1.00 B800.0 B00.0 1,00 10,2000~ 0.2000- 0.0000
Total Materials i P 3400.0 1 3790.0 Vo 0.1147  0.0000 0.1147
\Energy 1 0.50! 150.0 3000.0 0.05 | 150.0 3000.0 0.05 ¢ 0.0000 0.0000 0.0000
i Total Inputs ! P M00,0 1 49240 i 0.1191  0.0057 0.1128

45.2: RE TD n nge R for housing
Base - Quarter | vs. Current - Quarter 2
VALUES are in DOLLARS
DESCRIPTION i REVA! REFERENCE Period ! REVIEW Period ! CHANGE 1n RATID

i H VALUE BUANTITY PRICE ! VALUE QUANTITY PRICE | VALLE QUANTITY PRICE
Bulk H I 4400.0- 1100.0- 4,00 | 5200.0- 1300.0- 4,00 1 0.1818 0.1B18  0.0000
Total Outputs i 1 4400.0~ P 5200.0- i 0.1818  0.1818  0.0000

Materials H H ' H
Bulk V1000 3600.0-  900.0- 4,00 i 6000.0- 1500.0- 4,00 ¢ 0.6667 0.6667  0.0000
Total Materials H T 3600.0- T 6000,0- i 0.6667  0.6667  0.0000
Tatal Inputs H 1 3600.0- P 6000.0- Po0.6667  0.6667  0.0000
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Table 4.5.3 is the data for Packaging while Table 4.5.4 is the consolidation of

Manufacturing, Warehousing, and Packaging -- the aggregated Plant data. Note that

REALST does this aggregation by summing up all outputs and inputs of units of analysis

that have to be aggregated. Table 4.5.4 has actually duplicated the data that was manually

entered in Table 4.2.1 of SCORBORD.

Table 4.5.3: REALST Data and Change Ratios for Packaging

Base - Quarter ! vs, Current - Quarter 2

VALUES are in DOLLARS

DESCRIPTION | REVAI REFERENCE Period ! REVIEW Period - CHANBE in RATIO H
i T VAUE GQUANTITY PRICE !  VALLE BUANTITY PRICE | VALLE GQUANTITY PRICE !
X SKUs H T IT0.0 130.0 25.00 | 3680.0 160.0 23.00 | 0.0187- 0.0667 0.0800-
Other SXUs ! i 4300.0 300.0 15.00 | 3040.0 280.0 18.00 © 0.1200 0.0667- 0.2000 :
Total Outputs H i 82%0.0 1 8720.0 10,0570  0.0061- 0.0634 °
Labor ] i ! ' .
Direct 11,000 400.0 40.0 10.00 ¢ S04.0 42.0 12,00 1 0.2600 0.0500  0.2000
Indirect 1 0.00: 430.0 30.0 15.00 @ 448.0 28.0 16,00 | 0.0044- 0.0667- 0.0667
Tatal Labor H i B80.0 1 952.0 10,1200 0.0118~ 0.1333
Materials : H H i
Bulk ¢ 1,000 4000.0  1000.0 4,00 1 5600.0  1400.0 4,00 | 0.4000 0.4000 0.0000
Cosponents P 1000 20000 2000.0 1,00 ¢ 1760.0  2200.0 0.80 1 0.1200- 0.1000 0.2000-.
Total Materials i i 6000.0 1 T7360.0 v0.2267  0.3000  0.0564-
Energy i 0.501 150.0  3000.0 0.05 ! 150.0  3000.0 0,05} 0.0000 0.0000 0.0000 :
Total Inputs i 1 7000.0 I B462.0 i 0.2089 0.2557 0.0373-
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Table 4.5.4; REALST Consolidated Data and Change Ratigs for the Plant

{ESCRIPTION

© REVAS REFERENCE Fer:od ' REVIEW Perioc H CHANGZ 1n RATIC

; 1 VALUE QUANTITY PRICE VALLE QUANTITY PRICE | VALLE QUANTITY FRICE
X SKUs : i 3790.0 130.0 25.00 1 34B0.0 160.0 25,00 1 0.0187- Q.0667  (.080G-
:Cther SKUs | 1 4300.0 300.0 15.00 | 5040.0 280.0 18.00 | 0.1200 0.0667- 0.2000
1 Total Dutputs H i B2%0.0 \ o 8720.0 i 0.0570  0.0061- 0.0634
‘Labor ! H H H
Direct i 1,001 800.0 B0.0 10.00 | 960.0 80.0 12,00 | 0.2000 0.0000 0.2000
iIndirect - 10,000 900.0 0.0 15,00 i 976.0 61.0 16.00 | 0.0844 0.0167 0.0647
' Total Labor ' +1700.0 T 1936.0 v 0.1388 0.0088 0.1289
Materials H ! H !
‘Major Input 11,000 2400.0  1200.0 2,00 ) 2990.0  1300.0 2,301 0.2458 0.0833 0.1500
iManufacturing Materials | 1,00}  1000.0 1000.0 1.00 ¢ 800.0 B800.0 1,00 1 0.2000- 0.2000- 0.0000
‘Bulk 11,000 400.0 100.0 4,00 1 400.0-  100.0- 4.00 12,0000~ 2.0000- 0©.0000
iComponents 11,000 2000.0 2000.0 1.00 1 1760.0 2200.0 0.80 1 0.12 0.1000  C.2000-
i Total Materials H 1 5800.0 7 51%0.0 1 0.1121- 0.1034- (.0096-

Energy ! 0.50! 300.0 4000.0 0.03 | 300.0 6000.0 0.05 ¢ 0,0000 0,0000 0.0000
! i 7800.0 T 7386.0 v 0.0531- 0.023

Total Inputs

Table 4.6.1 is the REALST report that details dollar effects of changes in

productivity and price recovery to profitability. This is similar to SCORBORD's Table

4.3.3 except that it only shows the percentage change in productivity but not in price

recovery and profitability. The other difference is that dollar effects of changes in

productivity are further broken down into capacity utilization and efficiency. This is where

the REVA data is used. Capacity utilization refers to changes in the usage of fixed

resources while efficiency refers to changes in the usage of variable resources. Note that

contributions from capacity utilization for direct labor, major input, and manufacturing

materials are all zero; these are the resources which were identified as varying directly with

output (given a REVA of one in Table 4.5.1). Energy which had a REVA of .5 split the

dollar effects of productivity changes evenly into capacity utilization and efficiency.
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4.6.1: REAL lar Effects for Manufacturing

VALLES are 1n DOLLARS

1 1 ! CONTRIBUTION FROM ;
! REFERENCE REVIEN | REALST ! :
i PERIOD PERIOD ! PROFIT ! PRODUCTIVITY ! CAPRCITY ! ' PRICE
1 VALLE VALUE | VARIANCE | % CHANGE WUTILIZATION | EFFICIENCY | RECOVERY |
i A B ! C = D + 5
H i D = E F
TO0TAL PROCLCTS : 4400,0 3200,0 i
Lagor : ; '
Direct . 400.0 456,0 ! 16,7 | 24.40 113 7.0 113 94,z-
incirect ; 430.0 8.0 3.8 7.4 9.2 g7.3 LER 5.5
Total Lanor ' 830.0° 984,0 ! 20.5 ) 14,81 150.5 §7.3 i T
Marerials : H :
Ma,er Inout ! 2400, 0 2090.0 133,671 9.09 271.8 &0 Y- 2IEE-
Manufacturin: Materiais | 100G, g0 I81.B 47.72 J8L.8 6.0 RSO
Toral materiais ; TG, G 79,0 2282 18. 1€ 6S3. Gt flLs-
Inergy X 133.0 155,01 27,20 18.18 27.2 - N
Totai inzots : 3409,0 40240 ! 276.0 17.51 BIL.E W03 TG fIii-

Tables 4.6.2 and 4.6.3 portray dollar effects of changes in productivity and price
recovery on profitability for Warehousing and Packaging, respectively, and are similar to

Table 4.6.1.



Table 4.6.2: REALST Dollar Effects for Warchousing

Base - Quarter | vs. Current - Guarter 2

VALLES are in DOLLARS

H H H CONTRIBUTION FROM
| REFERENCE REVIEW | REALST |
i PERIOD PERIOD | PROFIT PRODUCTIVITY i CAPRCITY | H PRICE
H VALLE VALLE | VARIANCE | I CHANGE WTILIZATION | EFFICIENCY |  RECOVERY
' A B i C = D ]
H H D = E F
{TOTAL PRODUCTS U H00,0-  5200.0- ! H
iMaterials i H H
1Bulk P 3600.0- - £000.0- 1743.5 ¢ 29.09- 1743.5 0.0 1745.5 0.0
Total Materials P 3600.0-  6000.0- 1745.5 | 29.09- 1745.5 0.0 1745.5 0.0
Total Inputs T 3600,0-  5000,0~ ) 1745,5 | 29.09- 1745.3 0.0 1745.5 - 0.0
Table 4.6.3: REALST Dollar Effects for Packaging
Base - Quarter | vs. Current - Quarter 2
VALUES are in DOLLARS
H H H CONTRIBUTION FROM
! REFERENCE REVIEW ! REALST |
i PERIOD PERIOD ! PROFIT | PRODUCTIVITY t CAPACITY ! ! PRICE
! VALLE VALUE ! VARIANCE | I CHANGE IUTILIZATION | EFFICIENCY |  RECOVERY
! A B c = D + 6
' ' D = E F
TOTAL PRODUCTS 8250.0 B8720.0 H
Lavor ' ' : -
Tirect H 400.0 5040 ! Bl.2-i 5.34- 26,9 0.0 26,9~ 34.3-
‘Ingirect ! 450.0 48.0 ! 27.6 i 6.49 9.1 2,9- 3.0 1.5~
Total Labor 850.0 952.0 ! AN 0.38 2,2 2.9- Sl .-
Materials i i ! .
Bulk : 4300,0 5600.0 | 1372.1- 29,00~ 15624.2- 0.0 1624.2- -':::.1
‘Zomponents 2000.0 1766,0 | J55.9 9. bd- 165.7- i 188,7 SO
Tctal Materiais 6005,0 70,0 1082+ 23,54~ 1792.%- 0.5 R ‘":: §
Inergy 50,0 %0 0 8.5 . f.61- .3 0.8 .5
Total inouts TG, 0 84620 1063.2- 20,85 1792.7- P {788.3 TE.
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Table 4.6.4 portrays the consolidated dollar effects of changes in productivity and
price recovery on profitability for the aggregated Plant level. This table portrays similar
data as in Table 4.2.3 except that the dollar figures are not equal. The difference is because
SCORBORD computes the dollar effects using base (or reference) period costs while
REALST uses current (or review) period costs. The choice of which costs to use as
weights (base or current) is a portrayal issue.

The other main difference is due to the effect of Warehousing. In the SCORBORD
application, manual adjustments were made to consider the effect of WIP. In REALST,
WIP was considered by adding a dummy attribute: Warehouse. However, the effect of
warehouse performance was also considered in the overall Plant performance. A
comparison of Tables 4.2.3 and 4.6.4 will show that while the numbers may be different,
the performance trend portrayed are the same. This will be shown further in the next

section -- graphics.

le 4.64: 1 lant
: H CONTRIBUTION FROM

. REFERENCE REVIEW | REALST

: PERIOD PERIOD PROFIT PRODUCTIVITY I CAPARCITY @ H FilE

H VALUE VALUE | VARIANCE | % CHANGE WTILIZATION © EFFICIENCY | RECCVERY

H A B ! c = D + 6

' ' D = E + F
T TOTAL PRODUCTS i 8250,0 8720.0 | H
iLabor H H H
Direct | 800.0 960.0 ! 4.5~ 8.79 84.4 0.0 B4.4 148.8~:
{Indirect H 900.0 976.0 ! 31.5 4 7.00 48.4 B4.4 16.0- 36.9-
\ Total Labor H 1700.0 1936.0 3.0-! 7.84 152.7 84,4 48.4 185.8-
\Materials ' H )
‘Major Input - R Vo 2400.0 269%.0 | 153,46~} 9.09 271.8 0.0 271.8 425.5-
Manufacturing Materials | 1000.0 800.0 | 381.8 | 47.73 381.8 0.0 381.8 0.0
‘Bulk H 400.0 400,0- | B3 30,30~ 121.2 0.0 121.2 252.1
iComponents H 2000.0 1760.0 @ 3.9 9. b4~ 169.7- 0.0 169.7- 5.6
! Total Materials H 5800.0 51%0.0 ¢ 955.5 1 10.14 603.2 0.0 605.2 330.3
.Energy H 300.0 300.0 ! %81 8.79 26.4 13.2 13. 9.5
! Total Inputs i 7800.0 7386.0 ) 938.2 1 9.54 784.2 97.5 686.7 174.0

104



Table 4.6.5 - Control Report and Table 4.6.6 - Management Report - are
summaries of Table 4.6.4. The Control Report includes all sub-totals and totals while the
management report includes only the totals. Since no sub-totals were used in this example,

the two reports resulted in exactly the same entries.

Table 4.6.5: REALST Control Report
Base - Quarter | vs. Current - Quarter 2

VALLES are in DOLLARS

H ! H CONTRIBUTION FROM
| REFERENCE REVIEW | REALST ! .
i PERIOD PERIOD ¢ PROFIT | PRODUCTIVITY ! CAPACITY ! ! PRICE
! VALLE VALLE | VARIANCE | I CHANGE \UTILIZATION | EFFICIENCY |  RECOVERY °
! A B ! c = D + 6
! : ] = E F
(TOTAL PRODUCTS Vo 82%0.0 B720.0 ! i
Total Labor H 1700,0  © 193.0 B0~ 7.84 152.7 £4.4 48.4 185.8-
Total Materials L 580C.0 51%.0 953.5 ! 10,14 605.2 0.0 605.2 156,32
Total Inputs | 7800.0 T36e.0 | 938.2 | 9.%4 784.2 §7.5 886.7 174.0
le 4.6.6; T Managem
I-27-1950 21:2%:01 CONSOLIDATION FROFIT Faged |
Management Report
ZSIMPL.LAE
Zase - Quarter { vs. Current - Guarter 2
VALUZS are 1n DOLLARS
| ! CONTRIEUTION FROM
FEFERENCE SEVIEW REALST ©
PERIOD PERIOD ! PROFIT | PRODUCT IVITY ;o CARRCITY : SRICE
VALUE VALLE | VARIANCE ! . CHANGE CUTILIZATION o EFFIZIENCY o RICVERY
i A B C = D + 5
: i D = 3 + F
'TOTAL PRODUCTS i 8290.0 8720.0 ¢ H
i Total Labor ; 1700.0 193.0 ! 33.0-! 7.84 152.7 8.4 68.4 185.8~
i Total Materials P 3800.0 5150.0 955,95 | 10,14 605.2 0.0 605.2 3%0.3
\ Total Inputs P 78000 73860 ! 998.2 | 9.54 784.2 97.5 6B6.7 174.0
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Table 4.6.7 - Executive Report of Performance is a succinct way of summarizing
Plant performance. With just one report, I can draw out the information from three tables
(4.2.3, 4.3.3, and 4.4.3) in SCORBORD, i.e.overall Plant performance was good but

there are problems with Manufacturing's price recovery and Packaging's productivity.

Table 4.6.7: REALST Executive Report on Overall Plant Performance
03-27-1990 21:29:02 EXECUTIVE REPORT PROFIT Paged |
Per forsance
BSIMPL.LAB
. e Base - Quarter | vs. Current - Quarter 2
VALLES are in DOLLARS

' : ! CONTRIBUTIIN FROM

| REFERENCE REVIEW ! REALST !

H PERIOD PERIOD ! PROFIT | PRODUCTIVITY y CAPARCITY ! H PRICE

H REVENLE REVEME | VARIANCE | 7 CHANGE IUTILIZATION | EFFICIENCY | RECOVERY |

H A B i C = D + 5}

: ' D =k + F
iManufacturing P400.0 52000 ! 26,0 1 17.5¢ 831.5 100,9 730.5 555.5
Warehousing M00.0- 52000~ 1 174551  29.09- 17455 0.0 1745.5 0.0 .
Packaging H 8250.0 8720.0 i 1063.2-1 20.85~ 1792.7- J.4- 1789.3~ 729.5
{CONSOLIDATION H 8230.0 8720.0 i 938.2 ! .54 784.2 97.5 684.7 174.0

Tables 4.6.1 - 4.6.7 are Profit Reports. They portray the changes in profitability as
a result of changes in productivity and price recovery. Tables 4.7.1 - 4.7.3 are Cost
Reports. They portray how product costs have changed as a result of productivity changes
and resource price changes. Table 4.7.1 has a similar format to Table 4.6.4 except Table
4.7.1 does not portray total products’ values but shows percentage changes in resource
prices. Note that this is not the same as price recovery; it is the denominator of the price

recovery ratio. Tables 4.6.7 and 4.7.2 also have similar formats except Table 4.7.2 shows
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percentage changes in resource prices. These differences were explained in the survey of

TFPM models/versions (Chapter 3).

Iable 4.7.1: REALST Cost Report

VALUES are 1n DOLLARS

'
'
i
'

CONTRIBUTION FROM

i REFERENCE REVIEN REALST
1 PERIDD PERIOD ¢  PRODUCT ! PRODUCTIVITY CAPACITY RESOURCE PRICE
H vaLUE VALUE | COST | % CHANGE UTILIZATION EFFICIENCY 1 CHANGE
H A B! o = D + 6
1 ! b = E + F :
Labor ) . ! H '
iDirect H 800.0 940.0 ¢ 89.7-1 8.79 84.4 0.0 IR 20.00 174,1-
Indirect H 900,0 976.0 ! .0 7.00 48.4 84.4 16.0- 6.47 65.3-!
Total Labor ! 1700.0 1936.0 ! B6.6-1 7.84 152.7 B4.4 48.4 12,94 239,31
Raterials i : )
Major Inout 1 2400.0 2990.0 153,671 9.09 271.8 0.0 271.8 15.00 425,5-
Manutacturing Materials ! 1000.0 800.0 | 381.8 ! 47,73 381.8 0.0 381.8 0.00 G.0
Bulk ; 400.0 400,0-} 121.2 1 30.30- 121.2 0.0 121.2 .00 0.0
Coaponents 1 2000.0 1760.0 ¢ 221.9 ¢ 9.64- 169.7- 0.0 164.7- 20,00~ 397.6
Total Materials : 5800.0 5150.0 ¢ 73 10,14 605.2 0.0 60%.2 0.69- 27.9-
\Energy i 300.0 300.0 ¢ 26.4 % 8.79 26.4 13.2 15.2 0.00 0.0
Total Inouts H 7800.0 386.0 i MYRUH 9.54 784.2 97.5 680.7 2.3 287.2-

SITRIERL Litseiss LIEILTING AT HEN -age |
FRrtor&ancs
S3IRFLLLAR
B35 - wuarter 1 vs. LuTrent - Guarter
VALUES are 1n [CLLARS

; H ! CONTRIBUTION FROM

i REFERENCE REVIEW | REALST |

H PERIOD PERIOD i  PRODUCT | PRODUCTIVITY CAPACITY RESOURCE PRICE :

! CosT COST ¢ COST | X CHANGE UTILIZATION EFFICIENCY % CHANGE

: A B c = D + b

' H DI E v F !
‘Manufacturing ! 4400,0 4924.0 276.0 4 17,51 831.3 100.9 730.5 10,44 988.5-
{Warehousing H 3600.0-  6000.0-} 1745.5 | 29.09- 1745.5 0.0 1745,3 0.00 0.0
{Packaging i 7000.0 8462.0 ! 1504,4-; 20.85- 1792.7- 3.4 1789.3- 4 14- 288.2
{CONSOLIDATION i 7800.0 7386.0 1 $17.0 4 9.54 686.7 2.3 267.2-

784.2

97.3
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Table 4.7.3 is the REALST Cost Reconciliation Report. As the name implies, it
reconciles and explains the arithmetic difference between the costs in the two periods. Note
that the REALST product cost in Table 4.7.2 does not exactly explain the difference
between the costs in the two periods. REALST product cost change is really the difference
between the actual cost in the second period and what it should have been if productivity
and prices remained constant from the base period to the review period. Table 4.7.3 shows
another column: contribution from product volume, which is the difference in product costs
mainly due to the change in output volume or level of activity. Contributions from the
REALST product cost change and product volume make up the arithmetic difference

between costs in the two periods. These were also explained in Chapter 3.

Table 4.7.3: REALST Cost R liation Report

VALUES are in DOLLARS

i CONTRIBUTION FROM

H REFERENCE REVIEN | CHANGE !

: PERIOD PERIOD ! IN PRODUCT REALST
H : cosr cosT i £osT 4 YOLUME  PRODUCT COST
; 1 [ B C = 6 + F
iManufacturing 1 4400.0 49240 1 524,0- 800.0- 276.0
‘Marenousing j 3600,0- 6000, 0-1 2400.0 654.3 1743.5
iPackaging H 7000.0 8462.0 ¢ 1462.0- 42.4 1504.4-

1CONSOLIDATION H 7800.0 7386.0 & 4140 103.0- 317.0

The tables presented above show that REALST can provide all information
requirements of this case. The only information requirement not shown is productivity by
product. In the first place, I would not recommend going through the detailed data

collection necessary to do a REALST application by product for an initial application. This
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process is not only tedious, but there is still some discussion in the Cost Accounting field
regarding inadequacies in current practices on product costing (Gilligan, 1990; Kaplan,
1989). This is the motivation for the development of Activity-Based Cost Accounting
(ABC). However, if and when Plant A is ready to do the detailed data collection, it will be
a very simple process of developing such an application given the clata aggregation feature
of REALST. This was shown in a more macro level in this case using three departments
within a plant. Instead of aggregating data by departments, it could be done by product.
REALST can, therefore, do more than what Sumanth's version can do as it does not only
portray productivity by product but immediately relates productivity with profitability using
price recovery.

Instead of playing "what if" games, the latest version of REALST directly computes
budgets backwards given productivity goals, price inflation, and sales forecasts, similar to
LTV's model.

An Analyst Needs to Enhance Information Portrayal from SCORBORD or
REALST with Graphics

While both SCORBORD and REALST may be able to provide the user information
needs, they need to be portrayed in such a manner that managers perceive them as
information and not data. Hence, in addition to an executive summary, a few tables with
explanations on the main points and the following graphics may be used to portray the
information from the TFPM application.

Figure 4.3 is the Strategic Grid which shows managers the current positioning of
Plant A and its departments in terms of profitability, productivity and price recovery
changes. The information shown in this figure could also be obtained from Table 4.6.7
which may portray the information more accurately and with more dztails while this figure

1s a more vivid portrayal. The portrayals should complement each other.
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Figure 4.3 shows Manufacturing is in the best possible position on the grid:
suggesting a "pursue" strategy, i.e. increasing productivity is good enough to offset a
decreasing price recovery. While it may seem that Plant A is in the best position --
increasing productivity and price recovery, the "awaken" strategy is recommended. What
this means is Plant A may consider lowering product prices to be more competitive and still
be profitable. Packaging is in the "salvage" position because despite its increasing price
recovery, it's still becoming less profitable due to its decreasing productivity. Given the
information from the tables and figure, managers will have a good indicator of where they

are presently headed and how they might improve performance.
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Fi 4.3: Plant A ic Gri

Based on Figure 4.3, Plant A's management would probably want to take a closer
look at what's wrong with Packaging. Figure 4.4 shows which resources have contributed
to the poor performance of Packaging. Obviously, efficiency in the use of bulk has

declined significantly, causing the poor performance of the whole department.
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Figure 4.4: Dollar Effects of Changes in Productivity and Price Recovery on Profitability

Action Items and Future Directions

1. Get more data from Purchasing, Accounting, and/or Production Planning for:
» Purchase Price Variances
* Budgeted Raw Materials
2. Get programming support from MIS to facilitate data collection. Most if not all data
needed are available. However, they are in different data bases and are not processed

into reports in the form directly importable to SCORBORD.
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Change base periods in the future once you're confident you have data that are
representative of "typical” operations.

Consider including capital as an input in the future particularly when expanding or
introducing new equipment.

Review data aggregation to either provide more details on inputs and/or outputs. More

line items will enable you to look closer into the utilization of your resources.
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Chapter 5 - Case #2: Division B Wants to Develop a Total-
MWMLAW_&L

Planni n m

Case Summary

This case study identifies the information needs of Division B and shows how
TFPM provides these information . Information needs were obtained through meetings
with managers, while data and systems available were identified by meeting staff analysts.
The main information needs: providing feedback to department managers on their
operations' performance and generating challenge budgets, are addressed using TFPM,
particularly REALST. Other issues such as dealing with indirect costs, Activity-Based

Costing (ABC) and long production cycles are also addressed.

Introduction

In June 1989, Division B requested VPC for assistance in developing a productivity
measurement and evaluation system. VPC's response was to first clarify their specific
expectations from such a productivity measurement and evaluation system and how they
intend to integrate it with their other management systems. Division B is developing a
performance improvement and measurement system. This system is composed of the
following subsystems: a suggestion system, a cost-benefit analysis system, a Productivity
Council approval system, a project management system, and a measurement system. In
short, they want a measurement system that will help them plan for irnprovement and know
whether they are actually improving or not.

In response to Division B's request, Greg Sedrick, a VPC Research Associate, and
I, visited them for two days in November 1989 to become familar with Division B's
operations, clarify expectations/desired outcomes of their measurement development team,

collect data and brief them on measurement in general and TFPM in particular. This case
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study documents the information needs we collected and our recommendations on how

TFPM should be developed to respond to their needs.

Division B
VP & GM
P A Program B Program C Program D
VP & Director VP & Director] VP & Director] VP & Directory
Legal Contracts & Fi VP Human Ethics
General Estimating &I%a:nc:db ; Resources Program
Counsel VP VP Diractor
Planning and Program Research & Operations Quality | Logistics
Productivity Development Engineering pevp Assurance Support
Director Director Director VP Director
Product A Product B Product C site Mig.
nufacturing Manufacturing lanufacturing Facilities
Director Director Director Director
P anufacturing g. /Matl Fabrication &
roa.\t/remem Engineering Control & Prod'n Eng'g
P Director Schedulin Director
Director
Plant Night Shift Operations
Services Operations Administratiory
Director Manager Director

Figure 5.1: Division B'

anizational Structure
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Division B is a defense contractor. They are in a high-technology environment and
production cycles take about three years. While the inital focus of the measurement system
development is on the Operations organization, there is a need to carefully consider other
organizations within the division such as Program Management, Engineering, Research
and Development, Quality Assurance, etc., that contribute to costs of Operations. Our
point of contact, Operations Technology, is a unit within Operations' Manufacturing

Engineering department. Figure 5.1 shows Division B's organizational chart.

Data Collection Strategy

Before we visited Division B, we advised our contact persons that there was a need
to form a measurement system development team composed of representatives of
managers/end-users, Finance and Accounting, Information Systems, and of course,
Operations Technology who are tasked with developing the measurement system. Our
strategy was to first brief the possible members of the measurement systems development
team about measurement and TFPM so they would be in a better position to provide the
data we needed on measurement systems development. We specified the need for the
managers to be present when we discuss the overview of measurement and TFPM and ask
the team to generate a list of their expectations from the measurement systems development
effort. However, due to some urgent tasks for their strategic planning process, most of the
managers could not be available for meetings during our visit. We had to change our
strategy to obtain information needs data through short meetings with a few managers; and
collected data on existing information systems and data sources from the staff/analyst
members of the measurement system development team in a workshop setting rather than
from one-on-one interviews. The following organizations were represented:
Manufacturing Engineering (5 representatives), Finance, Financial Information Systems,

Program Finance, Manufacturing Scheduling, and Accounting. This adjustment strategy,
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however, failed when some key attendees brought up the subject of the need for Activity-
Based Cost (ABC) Accounting to improve the allocation of indirect and overhead costs.
While we agree that ABC Accounting improves tracking of product costs, it will not
provide the same information managers can obtain from TFPM (this will be discussed in
detail later in this case study). There seems to a confusion between data and information.
Information is biased data (Kurstedt, 1985). Data is what you get out of reports such as
those from, say, ABC Accounting. The interpretation of the data for use in decision
making is what comprises information. Hence, we believe it was inappropriate for some of
the members of the measurement systems development team to evaluate TFPM at that point
as frankly, there was still no clear understanding of what TFPM is; that is why VPC was
asked for assistance in the first place. In hindsight, our mistake was to unintentionally and
implicitly assume that an overview of measurement and TFPM would have them
communicate in "our language” rather than our communicating in their language,

Day two began with a software demo of REsource ALlocation STrategist
(REALST, a TFPM version) to give them an idea of how a TFPM software works. The
remaining time was spent examining existing management systems and data
sources/reports/forms. We specifically asked for current work standards, definitions of
datafields that match resource inputs with outputs, and their definitions of outputs. In each
case, the measurement systems development team could not reach a consensus on
definitions. This led to an off-line discussion with our contact persons that we may have
the wrong team members. Our recommendation was to pick one of their definitions and
remain consistent with this definition when building the model. Once the structure was
designed, the chosen definition could be changed if they wish to change the choice.

We believe Operations Technology attempted to assemble the most knowledgeable

people of Division B's products and systems available. We also believe this group is
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composed of dedicated professionals with Division B's best interest in mind. However, as
discussed with our contact persons before we left, we obviously did not have the right
members for the measurement systems development team. An action item was to locate
those who had access to necessary data and information, had authority to commit resources
and make decisions on system changes, and who were open-minded to first understand
new paradigms before evaluating them.

Another action item was to verify the information needs enumerated in the next
section. These informatipn needs are what we inferred from our brief meetings with a few
managers from Manufacturing Engineering. The successful implementation of any system

depends on the perceived need for it by the end-users.

Information Needs and Organizational Conditions

After this two-day visit, we went away with the following information needs and
organizational conditions:

1. The present measures are either geared towards measuring the: overall financial
performance of the division. These are mainly for outside audiences such as the
government, auditors, customers, etc. The Manager of Operations Technology wanted a
measurement system for giving feedback to department managers on how they are
performing. As mentioned earlier, Operations Technology is developing a performance
improvement and measurement system. Hence, they need a measure that will tell
departments how they are performing.

A critical concern is how to measure outputs of departments. Our impression is that
the current financial information system will support the Input data requirements of TFPM.
We are concerned that it will not support the Output data requirements. The largest
roadblock we encountered was communicating and/or translating Division B's terms to

ours and vice-versa. An educational intervention on Mundel's (1983) Hierarchy of Work
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Unit Structure was extremely helpful in discussing how Work In Progress (WIP) could be
handled and how to transfer accountability of the total product line and services to the
departmental level. This will be discussed further in the next section.

Another concern is how to deal with indirects (and overhead). Some departments
are composed entirely of this type of function. The concern is that the managers of these
departments will not be able to use TFPM for improvement because of the difficulty and the
unavailability of measures for their output. At present, TFPM could be applied only to the
direct "touch labor" departments and it could consider indirect departments as inputs to the
touch labor departments. This brought up the concern that ABC Accounting was the more
immediate need to improve indirect cost allocation. We agree that ABC Accounting would
refine the data for TFPM. Instead of allocating indirect costs traditionally based on factors
such as direct labor and materials usage, activities and resource consumption are accounted
for and directly charged to the particular product using the resource for which the activity is
intended. Another approach would be to prototype a knowledge worker productivity or
performance measurement system to supplement TFPM.

2. Being in the same industry as LTV, Division B is aware of LTV's integrated
approach to planning and measurement using TFPM. Division B believes they will also
benefit from such a system. The tricky part about LTV's system is that it assumes a
management culture that has very open communications and that the "challenge budget
process” will be supported by the financial and accounting systems, adapting where
necessary while at Division B, one of the organizational conditions is that the measurement
system should interface with the present systems. A challenge budget is generated from a
reference period budget given targeted improvements in productivity, and forecasted sales,
resource costs, and competitive selling prices. The process essentially computes desired

levels of resource consumption.
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How TFPM Can Provide Division B's Information Needs

1. As mentioned earlier, the primary concern for providing departments some
feedback on their productivity performance is measuring outputs. The problem is that
production cycles take about three years and different departments work on different
components or at various stages in the production of the final product . Hence, there is a
need to be able to approximate or measure output per department at least every three
months, as feedback may be too late if it is received after more than a quarter, i.e.,
opportunities of improving performance or even correcting variances may be lost.

Based on our discussions with the Finance and Accounting representatives and
some of the sample reports we examined, Division B's accounting system generates reports
showing the Planned Value of Work Accomplished (PVWA) vs. the Planned Value of
Work Scheduled (PYWS). The report is based on units completed cr percentage of work
accomplished on a project by each department. The units completed or percentage of work
accomplished are used as the basis for billing customers periodically and can be used as the
quantities for the TFPM application. The portion of the actual amount of the bill for the
customer contributed by the work accomplished by each department can be used as the
value of the output for the TFPM application. For example, Department A completed 15%
of the work to be done on project X in period or quarter n, and the customer was billed
$1.5M for the work accomplished. Then the data for the department's output in the TFPM
application would be 15% for the quantity, $1.5M for the value, and the price can be
computed using the formula V=Q xporp=3$1.5M/ 15% = $10M.

Regarding the problem with the departments whose costs are mostly indirect, there
is no way they can be measured directly at present using TFPM until their output is clearly
defined for measurement. White collar measurement methods should help in measuring

their output. Until an output measure can be defined for the indirect departments, their
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performance can be indirectly measured by considering them as inputs to the direct
departments, i.e., their contribution to the performance of the direct departments can be
measured. Itis the allocation of indirect and overhead expenses that ABC Accounting aims

to improve. To further clarify this notion, I reviewed what the literature says.

Some Notes on Activity-Based Cost (ABC) Accounting

Staubus (1988), in his book, Activity Costing for Decisions, says that prior to
1953, the [Accounting] profession had not embraced the objective of providing information
useful for making decisions; in fact, it had not explicitly identified any objective of the
practice of accounting except to report to external parties. Kaplan (1988) stated that most
firm's cost systems are inadequate because they do not address three important functions:
inventory valuation for financial and tax statements; operational coritrol, including feedback
on resources consumed to production and other department managers; and the costing of
individual products. Consequently, important operating costs data are often late,
inaccurate, and address, typically, only one element (labor), ignoring design, marketing,
distribution, and servicing. Cooper and Kaplan (1990) elaborate further that traditional
cost accounting systems distort cost information by weighting direct labor and materials
more heavily than factory support operations, thus giving management inferior information
on which to base decisions on pricing, product mix, and process technology. Activity
Based Costing (ABC) takes into account that the majority of company activities support the
production and delivery of goods and services, ABC offers a sophisticated approach to
attributing factory and corporate overhead and other resources to activities and then to the
products that consume indirect resources. ABC offers management accurate data by
delineating support costs and tracing them to individual products and product lines,

Johnson and Kaplan (1987) emphasized the need to develop new and more flexible

approaches to the design of effective cost accounting, management control, and
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performance measurement systems to face the challenge of today's competitive
environment. They also stressed the importance of nonfinancial indicators of performance
depending on what performance criteria managers need to measure. Kaplan (1990) says
executives of manufacturing firms want a single cost accounting system, but multiple cost
systems are an intermediate, practical stage through which progress is made towards
implementing an effective integrated management information system. Multiple cost
systems is a stage through which most companies must pass. These stages are
characterized by: first, poor data quality; second, external reporting; third, innovation; and
fourth, integration. Companies will progress through these four stages arriving at the
integration of two managerial systems, one for customer profitability analysis and one for
on-line feedback and performance measurement.

I believe Division B is now between stages two and three when external reporting is
deemed inadequate for internal process control and performance improvement. Innovations

are being sought and there is a need for multiple systems to be developed in parallel for

integration in the future. Division B needs ABC to refine product cost data through a more
rational allocation of indirect costs. Other performance indicators are needed to directly

measure performance of these indirect departments. At the same time, productivity
measures for direct departments need to be developed to start giving feedback for their
control and improvement efforts. As VPC has found out in some of the organizations
where we developed a TFPM application, the development of the TFPM application paved
the way for collecting and storing more accurate and relevant data. ABC and TFPM are not
redundant, they complement each other and can be components of an integrated

rformance m remen m_in the future. At thi int, TFPM can provi h

necessary feedback needed by direct departments and how indirect departments are
ntributin heir performan ven with ABC, With ABC, the TFPM application
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an be modified to analyze performance od and indire :partments’ contribution
will be be more accurately measured and allocated, The following example based on

sample data for a direct department of Division B shows the information that TFPM can

provide to department managers even without ABC.

TFPM/REALST Generates Reports for Department Managers

In this example, the REALST software was used to process the sample data and
generate reports. Tables 5.1.1 and 5.1.2 are the sample Data Reports showing a reference
period, 1st Quarter 1989, and a review period, 2nd Quarter 1989. The reference period
could have been the budget for the quarter being reviewed or some other comparable
quarters. Table 5.1.1 first shows the products worked on by Department D then Shows the
resources used to work on those products (continued through Table 5.1.2). The resources
include labor, materials, energy, money, and contributions from inclirect Departments I, J,
and K. These two tables show value (V) = quantity (Q) x price (p) for each product and
resource and for each of the two periods. The tables also show the change ratios for

values, quantities, and prices.
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Table 5.1.1: Raw Sample Data Report for Department D

187 GuARTER 1989 vs.

2ND

VALUES are 1n THOUSANDS of DOLLARS

OUARTER 198%

DESCRIPTION i REVA: REFERENCE PERIOD 1 REVIEW PERIQD ! CHANBGE 1n RATID
i ' i VALUE  GQUANTITY  PRICE \ VALUE  OQUANTITY  PRICE ! VALUE  QUANTITY  PRICE
\Proy N Work Completed H H | '
& H T 2990.0 0.1 31875.00 ©  2850.0 0.1 28500,00 : 0,176 0.23000 ¢.10588-
VB H i 1850.0 0.1 18500.00 ¢+  2000.0 0,1 15384.62 1 0.08108  (.30000 y,16840-
C : v 1500.0 0.2 10000.00 ¢  1000.0 0.1 14285.71 1 0.339333- 0.53333- 0.42857
Proj. ® - TOTAL ! P90 i 5850.0 1 0.,00847- 0,06633 0,07032-
‘Proi. N wWork Lomoieted | i ! ;
4 ; AV 0.1 19882,3% 1+ 1580.0 0.1 14363.64 @ 017037 0.29412 0,093962-
i : S TN 0.1 9454.55 & 1000.0 0.1 111011 o.3384e~ 0.18182- 0,17521
N ; v 2.0 0.3 B8420,00 1 2000.0 0.1 20000,00 1 v, ud988- ©.e0000- [.3753
Pros. n TOTAL 4455, i 45800 1930 0 23471 0331
n . MY S0 18,4 35 S.14 227
: PO 250 200 2350 6.0 3,35 RN
z ; eil.5 Lo 220,63 80,0 4.0 175,00 IR
Haud 9388
IRV ali.0 220B49.0 .01+ 2125.0 1S1713.0 0,00 o 1TH09- 0 0L 13193- vLultB
(i el b 23835.0 .01 4 299.9  2608%.0 0.0F - L 108% w0357 0,01407
v INDIRECT G008 .20 28400 0,01 1 3.5 29340 0,01 0 19222 0, 20246 U, 0UBSL-
VTOTAL LABOR H V27159 V28474 t0.09756- 0,10681- 0.01038
i RAM H H ' '
: HYDRAULIC i 1,000 1500.0  15000.0 0.10 1 1800.0 17475.7 0.10 t 0.20000 0.14505 0.03000
! ELECTRONIC V1001 2500.0  25000.0 0.10 ©  2400,0 2B235.3 0,08 i 0,04000- 0.12941 0.13000-
! RECHANICAL v 1,000 800.0  8000.0 0.10 ¢ 1000.0  9523.8 0.10 1 0.25000 0.19048 0.05000
1SUB-TOTAL RAN MATERIALS i 4800.0 i 5200,0 i 0.08333  0.15299 0.06042-
T
i QUALITY 11,000 3000.0  30000.0 0,10 ¢ 3000.0 30000.0 0.10 ¢ 0.00000 0.00000 0.00000
1SUB-TOT QUALITY MATERIAL | b 3000.0 v 3000.0 v 0.00000  0.00000 0,00000
'NATERIALS TOTAL H 1 7800.0 1 8200.0 i 0.05128

0.09188

0.03718-
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Jable 5.1.2: Raw Sample Data Report for Department D (cont'd)

8-1990 14:79:IT Division B - Department UL INFUT 1.2
CENTRE - 1
18T QUARTER 1989 vs. IND QUARTER 1989
VALUES are 1n THOUSANDS of DOLLARS
DESCRIPTION i REVA: REFERENCE PERICD i REVIEW PERIOD 1 CHANBE in RATID
\ ) 1 VALLE QUANTITY PRICE | VALUE QUANTITY PRICE | VALUE QUANTITY  PRICE
ENERBY | H ' )
ELECTRICITY ! 1.00! 171,84 31466341 0.00 i 255.0 5282292.1 0.00 1 J.48830  0.04311 0.42879
| NATURAL GRS v 1,000 57.2 128778.8 0.00 ! 20.2 416743 0.00 1 0.68667- ©.67639- 0,09183
WATER V100 5.1 112383 0.00 ! 3.0 10680.9 0.00 i .06127- 0.04934- 0,01255-
" FUEL OIL 1,000 9.5 10252.5 0.00 ! 1.1 1307.0 0.00 ¢ 0.88640- §.87252- 0.10888-
COGENERATION 1,004 3.6 98189.7 0,00 4 34,1 96894.7 0.00 i v.21811- 0.01299- ¢.20782-
T0TA. ENERGY ; H 300.8 i 3340 i u.08867  0,10880- 0,22153
0THER COSTS ; ; . H
LEPRECIATION IR 303 352 0.1G 4 8.1 8l.1 0,10 ;L. 44646 44640 0,00000
TRIES VRN G3 o 0,19 4 1 9.6 0.10 1 1.88835 1.88855 w.000(
[NSUSANCE C a0 o 4 Ot Ul 0.9 0,10 VL33 LFFIIL wcneon
. T 3. ., 43774 37Ty :
ol Sl NS NN 85.7  S0CL.e 0,02 0 vl w180 e
R St M (DN Tl LR .02 0 27349 L ITA0E LLliuB
CEFmRTPENT # i cl.% 4325.8 bovioo o5 4290.0 0,01 0 12299~ L LBETL- el lod
T0Tae INDIRECT CO3TS . ; 15,7 196.7 HESOAT. 11 ST L TN O ¥ 1
GRAND TOTAL DEFARTMENT [ : i 1094001 V11409 VoL, U1Bl6 6.03633 0.G1733-
'ABBREBATE i T 10942.1 T 11140.9 v0.01816  0.03633 0.01733-
‘PROFIT ; ' 521.9 H 484.1 H
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Table 5.2.1 is the Management Report summarizing the analysis of Department D's
profit performance. It shows profitability declined (-$45,100) mainly caused by a decline
in total-factor productivity (-6.71% or -$748,100) but cushioned by price over-recovery
($703,000). These results place Department D in the "Salvage" half-quadrant of the
Strategic Grid (see Figure 5.2). This implies Department D needs to turnaround from its
present strategy of relying more on price recovery rather than on procluctivity improvement
to be profitable. In a highly competitive environment, a competitor who can be more
productive can definitely offer much lower prices.

A quick glance at the resource totals shows the decline in overall performance is
mainly caused by a profitability decline (-$290,500), further caused by a productivity
decline (-11.46% or -$939,700) but cushioned by price over-recovery ($649,300) for
materials. Contributions from indirect departments also declined in profitability (-$29,000)
and productivity (-21.69% or -$32,600).

Table 5.2.1: Summary Management Report
15T QUARTER 198% vs. 2ND QUARTER 1989

VALUES are in THOUSANDS of DOLLARS

' ! ! EFFECY OF

\  REFERENCE REVIEW § REALST |

! PERIOD PERIOD ¢ PROFIT & PRODUCTIVITY !  PRODUCT | RESOURCE :PRICE RECOVERY

H VALUE VALUE | VARIANCE | 1 VARIANCE ¢ VOLUME  (ALLOCATION: VARIANCE

1 A B [ = D + [+

H H ] =z £ + F
\TOTAL PRODUCTS H 11464.0 11625.0 | i
‘LABOR : 2711.9 47,4 302.7 ¢ 8.24 . 201.6 9.7~ 2113 101.1
IRATERIALS TOTAL H 7800.0 8200.0 ¢ 290.5-1 11.4s- 939.7- 0.0 939.7- 649.3
'ENERBY H 306.8 334.0 ! 22.9-1  8.48 28.3 0.0 28.3 51.2-
1GTHER COSTS 1 3.7 9.2 S.4-1 6114~ 3.6 1= 3.5- 0.2
P INDIRECT COSTS H 119.7 150.3 ¢ 29.0-1 21,49- 32,6 4.0- 28.6- MY
I6RAND TOTAL DEPARTMENT D @ 10942.1 11140.9 ¢ 45.1-1 6.71- 748.1- 13.9~ 734.2- 703.0
ABGREBATE : 10942.1 11140.9 1 45.1-7  6.71- 748.1- 13.3- 734.2- 703.0
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Figure 5.2: Department D Needs 3 "Salvage" Strategy

Tables 5.3.1 and 5.3.2 show the details needed to further analyze the changes
between the two periods being compared. Table 5.3.1 shows the decline in materials
profitability is caused by hydraulic (-$278,900) and mechanical (-$188,800) materials.
Tables 5.3.1 and 5.3.2, show the profitability contribution to Department D of Departments
I and J declined (-$34,400 and -$3,900, respectively).

The sample reports have shown that TFPM, in general, and REALST, in particular,

provide the information needed by managers to monitor their department’s performance.
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They can see from the reports where they are doing well and what areas need improvement.

All the data are related using dollar effects on profitability, productivity and price recovery.
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. Analysis of D's Profitability. Productivi { Price Recov

14

re=1%=1990 vz ITiol pivigion B - Department D FRUOFTIT L
Detailec Hrhalvsis
LERTRE = 1

137 LoeRITEFR 199+ ce. JHD wUdaki=r LYg>

VHLUES are 1 THOLSAMDS o+ LOLL&RS

EFFEST OF

.
;

ENCE REVIER REALST
.
i

P00 PERIOD

PROFIT PROCUCTIVITY & PRODUZT . R
‘nLUE VALUE ¢ YRRIRNCE S YrAlARCE YOLUNE A
" o - = I +
i i H t + F
TCTAL ORCGILCTS : Litea.l 110250 ¢
LAEDF )
DIRECT PN 228,00 NLT LT o e :
JIRECT 2I5TRIEUTEL i 61,4 33,9 4.8 ll.au- inem G.o B
INDIRECT i POy 3.5 4.3-0 19,60~ 0.4~ u,§- :
TOTAL LRBOR ; 2711.? 1447.4 WA 824 2016 far- L3 P
RAN ! H 1
HYDRAULIC | 1500.9 1800.0 1 278.9-1 17.02- 306, 4~ 0.0 e, 4~ PO |
ELECTRONIC : 2500.0 2400,0 | 135.1 ¢ 14,40- 345,7- 0.0 345.7- 430.8
MECHANICAL ' 800.0 1000.0 188.8-) 18.79- 187.9- 0.0 187.9- v.8-
SUB-TOTAL RAW MATERIALS 4800.0 5200.0 i 332.6-1 16.13- 849.0- 0.0 840.0- 507
QUALITY H 3000.0 3000.0 1 42,14 1.33- 99.8- 0.0 99.8- 141.9
1SUB-TOT QUALITY MATERIAL i 3000.0 3000.0 ¢ 2.1 3.3 99.8- 0.0 99.8- 141.9
{MATERIALS TOTAL i 7800.0 82000 ! 290.5-1 1.4~ 939.7- 0.0 939.7- 649.3
1 ENERBY ; ' H
ELECTRICITY H 171.4 255.0 4 81,31 7.32- 18.7- 0.0 18.7- 62,6~
1 NATURAL BAS H 51.2 20.2 ¢ 37.8 1 198.74 40,2 0.0 40,2 2.4-
WATER : 25.1 23.6 ¢ .91 1.9 0.4 0.0 0.4 .
v FUEL OIL H 9.5 1.1} 8.6 | 658,35 7.1 0.0 7.1 1.3
COGENERATION i 43.6 34,110 10.1 1 2.05- 0.7- 0.0 0.7- 10.8
TOTAL ENERGY i 306.8 334.0 & 22,9-1  8.48 28.3 0.0 28.3 51.2-
OTHER COSTS H H |
DEFRECIATION H 3.3 8.1 4.7-1 60.48- 4.9- 0.1- 4,8- 0.2
TAIES i 0.3 1.0} 0.6-1 66,53~ 0.6~ 0.0- - 0.6- 0.0
INSURANCE i 0.0 0.1 0.1-1 62.72- 0.1~ . 0.0- O.1- 0.0
:TOTAL OTHER COSTS H 3.7 9.2 S.4-1 bl.14- N 0.1- 5.5- 0.2
- INDIRECT COSTS : 1 H
DEPARTMENT [ 1 53.2 88.3 | J4.4-1 39.43- 35.0- 1.8- 3.2 0.6
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(continued)

Division B - Department D FROFIT 1.2
Detailed Analysis
CENTRE - 1
1ST QUARTER 1989 vs. 2ZND QUARTER 1989

VALUES are in THOUSANDS of DOLLARS

! ! EFFECT OF
! REFERENCE REVIEW ! REALST !
. PERIOD PERIOD {  PROFIT ! PRODUCTIVITY PRODUCT ! RESOURCE :PRICE RECOVERY
: VALUE VALUE !  VARIANCE ! 1 VARIANCE @  VOLUME IALLOCATION:  VARIANCE
: A B c = D + 6
H 2 E + F
DEPARTMENT J H 3.1 .11 3.9-7 §7.53- 4.1- 0.1- 4.0~ 0.1
© " DEPARTHENT K ! 63.4 55.0 ! 93¢ ILT3 6.4 2.1- 8.6 2.9
'TOTAL INDIRECT COSTS ! 119.7 150.3 ¢ 29.0-1 21.49- 2.4- 1.0 2.4 3.4
{GRAND TOTAL DEPARTMENT D ¢ 109421  11140.9 ! 5.1-0 b 748.1- 13.9- T34.2- 703.0
ABGREGATE bo0M2.1 111409 5.5 671 748.1- 13.9- T34.2- 703.0
2. The second information need deals with generation of "challenge budgets." Only

REALST and the LTV versions of TFPM have the capability of computing challenge
budgets. Since the earlier example used REALST, the REALST version will be shown

first.

REALST Can Generate "Challenge Budgets"
Table 5.4 1 shows how the challenge budget is set up. The software asks for
productivity required, budgeted sales volume, selling price, and resource cost. Given these

percentage changes, Tables 5.4.2 and 5.4.3 are generated. These two tables show the
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quantities of outputs/products needed to increase sales volume by 8% and inputs/resources
needed to attain a 5% increase in productivity. They also show selling prices increasing by
3% and unit costs increasing by 10%. Table 5.5.1 is the summary Management Report
showing productivity increasing by 5%. The table also shows that a 5% increase in
productivity is not enough to maintain profitability. This means the selling prices will need

to be increased, input costs decreased, and/or productivity needs to improve by >5%.

Table 5.4.1: REALST Challenge Budget Set-Up

MMM MM 2
IMMMMMMMRMME MMM MMM e REALST BUDGET LMMMMMMMMMHMMMMMHBMMMMMMMnT
AL LR LR L Tl T I 08:51:20

LTSS TY

Y TR YO

Centre number t 1
: Re+t+erence period number 1
FH Budaget period number : 3 H
: F2rcentage change 1n :
: Froguctivitv reauired Hilad
: budaet2d sales volume HER=
: Budgetec selliinag price : 4

Hudoeted cost resource price HE AR
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F-1990 0B:33:42

Division B - Department D
CENTRE -

1

18T QUARTER 1989 vs.

VALUES are i1n THOUSANDS of DOLLRRS

INFUT 1.1

DESCRIPTION i REVA} REFERENCE PERIOD H REVIEW PERIOD : CHANGE 1n RATIO !
! ! VALUE  QUANTITY  PRICE ! VALUE  GQUANTITY  PRICE : VALUE  QUANTITY PRICE
Proy N Work Cospieted H H !
& I 2850.0 0.1 31875.00 i  2B3s.5 0.1 32831.25 ¢ (0.11240  §.08000 ©0,03G00 ;
B H v 18%0.0 0.1 18500.00 i  2057.9 0.1 19055,00 ¢ ¢,11280  0,08000 0,03000
C v 1500.0 0.2 10000,00 i  18668.0 0,2 19300.00 ; 0.11240  0,08000 0.030u0
Proy. M - TOTAL T §906.0 T 6563.2 Vv, 11240 0.08000  ¢.0360v
Prgi. N work Lomoleted ; ; :
o IR SN 0.1 15882.35 ¢+ 1501.7 0.1 10358,82 ¢+ 4.11240 (08000 §,03960
' V104,00 9434.55 1 113e.5 0,1 C738.18 ¢ 11240 oL 0BOCO )
Vo G| vt BA0L00 0 Z345.c UV TROUN IR § WAL T AN V[
s, 500y, 2 S S O TURRORE: (V28
" ! IS MRy 5.7 Tl R SO0 0 CUHI2e) .08000 G030
: ; P 5.0 9,20 258.4 T 50 L i124u wouBO0E w0 Tuon
N ; 6375 Lo 227,60 760.7 300 234067 0 112800 0 03000 u,aT00w
TCOPONENTS TOTAL fusd. R L: LI Ce 112400 0.0B00C 0Lu3uuy
"6RAND TOTAL Department § 114640 AN 11240 0.08000 v, 026
1LABOR ; ; : :
 DIRECT V100 2423.3 220849.0 0,01 7 2741.8 227159.0 0,00 3 G.13143  0.02857 0.10000
i\ DIRECT DISTRIBUTED 0,000 261.4  23853.0 0.01 ¢ 295.8  24534.5 0.01 + 0,13143  0.02857 0.10000
' INDIRECT 10,00 21,2 2440,0 0.01 1 30.8  2509.7 0.01 + 0.13143  0.02857 0.10000
1 TOTAL LABOR ! VML P 3068.4 V0.13143  0,02857 0.10000
] H H | H
' HYDRAULIC P00} 1500.0  15000.0 0,10+ 1897.1 15428.6 JU 0 0.13143 0 0,02857  0.10000
H ELECTRONIC 1 1,000 2500.0  25000.0 0.10 ¢ 2828.6 25714.3 v 0.13143  0.02857 0.10000
H MECHAXICAL V1,000 800.0  8000.0 0.10 §  905.1  8228.% 10 0.13143 0 0.02857  0.10000
1SUB-TOTAL RAW MATERIALS ! i 4800.0 i3430.9 V0.13143  0.02B57 0.10000
T QUALITY 11,008 3000.0,: 30000.0 0.10 ¢ 33943 30857.1 0.11 ¢ 0.13143  0,02857 0,10000
1SUB-TOT QUALITY MATERIAL ! i 3000.0 V33943 1 0.13143  0,02857 0.10000
NATERIALS TOTAL i i 7800.0 \ o B8828.1 t0.13143  0.02857 0.10000
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Table 5.4.3: Challenge Budget Generated by REALST (cont'd)

VALUES are 1n THOUSANDS o+ DULLmRE
DESCRIPTION i REVA! REFERENCE PERIOD | REVIEW PERIOD CHANGE 1n RATID

1 i } VALUE QUANTITY PRICE : VALUE QUANTITY PRICE «  VALUE GUANTITY  PRICE
|ENERBY : H ' i ;
ELECTRICITY 11,004 171.4 3146634.1 0,00 : 193.9 3236537.9 0,00 i 0.13143  0.02857 0.10000
| NATURAL BAS V1,000 57.2 128778.8 0.00 64,7 132458.2 0.00 1 ).13143  0,02857 0.10000 :
WATER 1,000 8.1 112363 0,00 ; 28,4 11556.3 0.00 1 0,13143  0.02857 0.10000 !
\ FUEL OIL 11,008 9.5 10252.5 0.00 ! 10.8  10545.4 0.00 ¢ 0.13143  0.02857 0.10000 !
COGENERATION 1,008 3.6 98189.7 0.00 | 49.3 100974.6 0.00 | 0.13143 0,02857 0.10000 !
\TOTAL EMERGY - H Vo 306.8 H 1.1 V6. 13143 0,02857 0,10000 !
{OTHER COSTS N ! ] '
! DEPRECIATION 1 0.00! 3.3 1.2 0,10} 3.8 341 to0.13143  0,02857 0.10000 !
i TAIES 1 0.00: 0.3 3.3 0.10 ! 0.4 3.4 tC13143  0.02857 0.10000
: usmm# 1 0,008 0.0 0.4 0.10 3 0.0 0.4 A1 0,13143 0 0,02857  0.10000 ¢
\TOTAL OTHER C&STS | : 3.7 : 4.2 b, 13143 0.02857 0.10000 !
1 [NDIRECT COSTS H ! : } :
\ DEPARTMENT | 1 0.00¢ 3.2 31851 0,02 ; 60,2 3245.3 0,02 ¢+ 0.13143  0.02857 0.10000 :

! DEPARTMENT R H 3 192.0 0.02 3 3.5 197.3 0,02 1 0.13143  0.02857 0.10000
! DEPARTMENT K 0,008 63.4  4965.5 0.01 ) 1.7 5107.4 0.01 3 0.13143  0.02857 0.10000 !
1TOTAL INDIRECT COSTS ; i 119.7 i 135.4 v 0.13143  0,02857 0.10000
'GRAND TOTAL DEPARTMENT D ! T 10942,1 1 12380.2 P0,13143  0.02857 0.10000 i
1AGEREBATE H t10942,1 v 12380.2 v 0,13143  0.02857 0.10000 i
H | §21.9 | 372.3 i

1PROFIT
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Table 5.5.1: Management Report Evaluating the Challenge Budget

26-19-1990 11:24:02 Division B - Department D FROFIT 1.1
Management Report
CENTRE - 1
1ST QUARTER 1989 vs. Challenae Budget

VALUES are in THOUSANDS of DOLLARS

i ! { EFFECT OF {

! REFERENCE REVIEW ! REALST |

: PER10D PERIOD ¢ PROFIT | PRODUCTIVITY | PRODUCT | RESQURCE (PRICE RECOVERY!

i VALUE VALUE |  VARIANCE ! 1 VARIANCE | VOLUME (ALLOCATION: VARTANCE .

! A B C = [} + 6

H ; D = E + F i
TOTAL PRODUCTS : 11464.0 12752.6 1 i :
LABOR : 2711.9 3068.4 ! St.e-1 5,00 153.4 25.4 128.0 208.0-
"NATERIALS TOTAL ] 7800.0 8825.1 1 148.4-1 5,00 1.3 0.0 441.3 589.7-
ENERGY ! 306.8 347,11 S.8-1  5.00 17.4 0.0 17.4 3.2
"0THER COSTS ) 3.7 L2 0.1-1 §.00 0.2 0.3 0.1~ 0.3-
INDIRECT COSTS : 119.7 135.4 1 2.3-1 5.00 6.8 10.35 3.8- 9.0-
GRAND TOTAL DEPARTNENT D ! 10942.1 °© 12380.2 ¢ 208.2-1  5.00 619.0 36.3 382.8 827.2-
ABGREGATE i 10942.1 12380.2 208.2-1  §5.00 619.0 36.3 582.8 827.2-

The LTV Version Computes Challenge Budgets on the Macro Level

While REALST computes challenge budgets on the detailed level although choices
on percentage changes are made across the board for all outputs and inputs' quantities and
prices, LTV's version computes challenge budgets only on the macro level. This saves the
receiver of the report from looking at so much details without really getting more
information. After all across the board percentage changes merely represent average
changes; detailed budget changes will still have to be worked ou: by those actually
preparing the detailed budgets. Table 5.6.1 shows the actual computations done using
LTV's challenge budget process. Note that the end result in terms of total input costs

($12,349.30) is comparable to the total input costs obtained in Table 5.4.3 ($12, 380.2).
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The slight difference is caused by LTV's use of cost-to-sales ratio (input/output) rather than

a productivity improvement target used by REALST.

Base Current Logic
QUTPUT
« Cumrent $s $11,464.00 $12,752.60 Forecast
» Price Inflation % Base 3% Forecast
» Constant $s $11,464.00 $12,381.17 =12,752.60 / (1 + 3%)
PRODUCTIVITY IMPROQVEMENT
«Target Improvement Base 5%
INPUT (Resource Costs)
+ Cost to Sales % 95.45% 90.68% =95.45 (1 - 5%)
« Costs (Constant $s) 100 $11,226.64 = 12,381.165 * 90.68%
« Cost Inflation Base 10% Forecast
» Costs (Current $s) 100 $12.349.30 = 11226.64 (1 + 10%)
Conclusions

This case study has shown that TFPM and REALST in particular can provide the
information needs of Division B even without waiting for ABC to be developed and
implemented. TFPM and ABC need not be developed sequentially; they may be developed
simultaneously with the thrust of integrating them in the future. [ntegration should be
facilitated by the fact that those using and implementing the two systems will be very
familiar with both when the time comes for integrating them. There would also be a need
to supplement TFPM with a white collar measurement system particularly for indirect

departments. For the moment, indirect departments could first be treated as inputs to the

135



direct departments; once a measurement system is developed so that outputs of indirect
departments could already be measured, then, a TFPM application could also be developed
for them. Finally, I recommend using REALST as it is the only version that could provide
both the information needs of Division B and even later provide an aggregated report for
the whole division which will combine the performance measurement for all the
departments. I have not discussed all the capabilities and choices of report REALST can
generate as they are not needed at the moment. From this case study, however, it can be
inferred that an analyst will have to make the choices as to the level of detail each manager

will need and the portrayal reports and graphics they will appreciate.
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Chapter 6 - Case #3;: Company C Wants Physical Measures to
Supplement Financial Measures

Case Summary

In this case study, I identified information needs of Company C managers and
explored how TFPM provides such information. The information needs and data available
were identified by interviewing operating managers and staff analysts and reviewing
documents and forms. After identifying information needs, sample data from Company
C's Plastics Department were used to explore how to provide for the information needs. I
used REALST to process the data and address the information needs. I concluded that all
the information needs can be obtained from REALST reports but an analyst will need to
interpret the reports and portray the information in an executive summary includin¢

graphics.
Introduction

How VPC Got Involved

On July 14, 1989, Company C's Manager, Productivity Improvements, requested
VPC for assistance in developing a "comprehensive productivity measurement system tied
in with work standards and relatable to profitability.” Company C's industrial engineers
have used Craig and Harris' version of TFPM in the past which they found cumbersome
and provided them with just a measure of physical productivity but did not directly relate to
their financial measures. In response to Company C's request, we proposed a series of
activities leading to the development of a pilot TFPM application at Company C. I first
visited the company for three days in December 1989 to collect data on specific information
needs, data available, existing systems and organizational conditions, brief them on TFPM,

and recommend next steps for developing a TFPM application. What follows is a
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documentation of the data I collected during that visit and the alternative approaches to

TFPM development at Company C.

Background Info on Company C
Company C is a highly diversified manufacturer of food, beverages and packaging
materials. It employs more than 20,000 people in its operations. The organizational
structure is shown in Figure 6.1. The organization is composed of several divisions which
are further subdivided into business units and plants for the operating divisions, and into

directorates and departments for the non-operating divisions.
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Chairman
& CEO
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President
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Officer Counsel
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|| o Technical Industrial
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Division C Human
Resources
Division D Administratiop
Division E

Figure 6.1: Company C Organizational Structurg

Company C has evolved and institutionalized an integrated planning and control

system that includes strategic direction setting (goal), strategic programming (path),
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budgeting (detailed plans for next year), and performance monitoring and reporting

(assessment). Figure 6.2 is Company C's planning calendar mostly showing only the

financial aspects of planning although these financial plans are backed up by the technical

plans. Note that towards the end of May, five-year sales and production volumes are

reviewed in preparation for developing capital and operating budgets. In performance

monitoring and reporting, the focus has mostly been on financial measures that in the

words of the Chief Operating Officer, "we need to provide operating managers some tools

so they can have in their operating reports, physical measures to supplement financial

measures.” From what I gathered from the operating managers, they have detailed plant

efficiency standards. What is lacking is the integration of the financial measures with their

plant efficiency standards.
Mastings with Corporate Monitoring Monitoring
Sr. Mgt. Retreat Meetings Mesetings
o Jan Feb Mar Apr May Jun
Division
Internal
Timetables gt:\;t 9?: ngr
Volumes &
Financials
Meetings with Strategic Capital Operating
Sr. Mgt. Planning Budget Budget
Meeting Reviews Reviews
Division * Jul Aug Sept Oct Nov Dec
Internal
Timetables Develop
Operating &
Capital
Budgets
Fi 2: Company C Plannin len

140




Data Collection Strategy

Following is the agenda (briefings, interviews, document/forms reviews, and

presentation) for the visit last December 1989:

Day 1

Day 2

Day 2

Day 3
Day 4

11:00 am

9:00 am
9:30 am
10:00 am
10:15 am
11:15 am

12:00 noon
1:30 pm
3:00 pm
3:15pm
4:15pm
8:30 am
10:00 am
2:00 pm
8:30 am
8:30 am
11:00 am

Met with Technical Services Division Manager/VP,

Productivity Services Director/AVP, and their staff to

finalize details of the next two days

Topic Resource Person

Company C Organization Head, Human Resource Planning

Quality Management System Manager, Quality Management

Coffee Break

Accounting Systems Manager of Accounting

Strategic Planning/

Capital Expenditure Manager, Strategic Planning

Lunch

Budgetary System Sr. Budget Analyst

Coffee Break

Computer Systems AVP/Director, Information Systems

Review documentation and forms used for budgetary system
Division B VP/General Manager
Services Sr. VP

Introduction to Performance Measurement, TFPM, and REALST

Division A VP/General Manager and Sr. AVP
Division D VP/General Manager
Division E VP/General Manager
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As can be gleaned from the above agenda, different ways of collecting data were
used: briefings, interviews, documents/forms reviews, and a presentation/workshop. This
ensures that data collection is done comprehensively and enables cross-validation of data

(Yin, 1987).

Briefings

I was briefed on the company's:

» organizational structure so I could see the reporting relationships and how their

responsibilities are divided;

* quality management system so I could see what their ongoing improvement efforts

are and how they may relate to the measurement systems development;

* accounting systems, including the Capital Expenditure Planning and Control and
budgetary systems, so I could see what accounting data and information are

presently available

« computer/information systems to see the available data sources, storage, retrieval,

processing, and reporting flow

Documents/Forms Review
Aside from the briefings, I collected documents describing the management systems
and tools in place and the forms that are used: the organizational structure, the planning
calendar, description of their strategic planning and capital expenditure planning and control
system, the manual for their annual budgetary system, the product standard data sheet,
statements of expenses, profit and loss, and operating summary report forms. These

documents and forms gave me a clear picture of the level of detail and flow of data
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collection, storage, retrieval, processing, and information reporting/portrayal. While the
data and information flow may not yet be very integrated, they are very well-interfaced, so

that TFPM data sources can readily be available.

Interviews
Most of the people who gave me briefings were staff analyst types. They develop
and maintain the information systems, but are not the end-users of the systems. Hence, I
decided to interview operating managers to know what concerns they had, what decisions
and actions they were making, and the information they needed to support their decisions

and actions to improve performance.

Workshop

After getting a general idea of the information and data available, I made a
presentation on performance measurement systems, the additional information they can get
from TFPM and how they could integrate TFPM with their existing systems. The audience
consisted of people who gave me briefings during the first day, other possible members of
the measurement systems development team (staff personnel from the operating divisions)
they will be forming, and a Senior Management Consultant. Based on my presentation, I
gathered feedback from the audience on their concerns about how TFPM can be used at
Company C.

After the briefings, interviews, documents/forms review, and my presentation, I
was convinced that Company C is ready for and could benefit from the development of a
TFPM application because of the following reasons. The operating managers are looking
for other measures to supplement their financial measures and their plant efficiency
measures to help them pinpoint areas for continued improvement. The planning and

control system is well in place and the accounting and information systems have all the
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necessary data to support a TFPM application. The only hurdle left is that the accountants
still believe their reports should be able to provide the same information TFPM provides.
They believe standard cost, volume, and price variance analysis yield the same information
TFPM provides. They were, however, open to and awaiting my explanation regarding the
difference in TFPM information and standard cost accounting variance analysis information

which is an integral part of this case study.

Information Needs and Organizational Conditions

Based on the above‘data collection activities, I compiled the following information
needs and organizational conditions:

1. The Chief Operating Officer wants to provide the operating managers with physical
productivity measures related to financial measures and plant efficiency measures for the
divisions, business units, and plants, so they can use these types of information in their
operating meetings.

Both the "Profitability = Productivity + Price Recovery (PPPR)" and Gollop's
models can provide this information need. Both models consider partial productivity
measures which can relate to plant efficiency measures and relate all measures to
profitability using price recovery. The Productivity Indices model such as Craig and
Harris's version cancels out the effect of price recovery thereby focusing mainly on
productivity and not relating it to profitability.

2. Division B's VP/General Manager wants to provide the lowest cost and highest
quality products in the domestic market and prepare to get into the international market. He
believes Company C has world-class machinery and he wants to make sure labor
productivity is also world class. This is why they are experimenting with an incentive

system that rewards in kind (families are involved with the choice of reward) performance
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beyond agreed group standards. He is interested in measures that support these thrusts and
which are integrated with the planning and control system already ir place.

There are three information requirements here: (2.1) Division B wants to provide
the lowest cost and highest quality products. Hence, they need to know how low their
prices can go, and still be profitable. Of course, this information can be obtained through
the usual accounting methods; however, the relationship Profitability = Productivity + Price
Recovery will facilitate this "sensitivity analysis." In fact, two versions of TFPM (LTV's
and REALST) can directly compute challenge budgets given targeted productivity, sales
forecast, and price changes. (2.2) The second information need is concerned with
measuring labor contribution to overall performance in relation to other resources such as
capital (equipment and facilities). I have not come across any other way this could be done
directly except through TFPM. (2.3) The third information requirement is the need to
integrate information needs 2.1 and 2.2 above with the planning and control system. Both
the PPPR and Gollop's models are designed to be integrated to a firm's budgeting and
accounting systems. The data is from the accounting system and the information is directly
related to the firm's profitability, costs and selling prices.

3. Division A's VP/General Manager wants to change the format of operations
reviews from a performance variance explanation focus to a performance improvement
focus. He wants to see how detailed plant efficiency measures add up to the overall
performance of his division to distinguish what critical factors affect the operations
significantly. He believes that they get so involved with looking at the numbers that they
lose the meaning of the data. He wants to see measures that will point out ways to improve
performance in the next period; and he needs such information within the first 10 days of

the month.
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This information need emphasizes the inadequacy of present accounting reports in
portraying and pinpointing areas for improvement. Managers see data, not information.
By showing contributions to productivity, price recovery, and profitability of each of the
resources used, managers can pinpoint areas for improvement. The choice of the level of
detail of reports and other portrayal formats will also enable managers to "distinguish the
trees from the forest ." The requirement that the information be available within 10 days of
the month can be done depending on the design of data collection and processing.

4. Division D's VP/General Manager felt that the information he was receiving was
sufficient for his decision-making needs but he was interested in finding out what
additional information TFPM might provide.

This case study shows the information TFPM can provide based on the information
needs identified by the other managers.

5. Division E's VP/General Manager said he had excess production capacity mainly to
respond to the volatile market demand. He is interested, though, in better ways of
forecasting and responding to fluctuations in the market.

While TFPM is not designed for forecasting, it can help pinpoint the
relevant/significant factors that contribute to the company's past performance given the
fluctuations in market demand. LTV's and REALST's challenge budget process can also
help in planning how to respond to different market conditions.

6. The accounting and finance people at Company C would like to see what additional
information TFPM can provide which they cannot get from traditional standard cost
accounting variance analysis. This case will pinpoint this additional information and show

how it relates to cost accounting information.
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How TFPM Can Provide Company C Operating Managers' Information
Needs

To show how TFPM can provide Company C operating managers' information

needs, the following sample data from Company C's Plastics Department were used.
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PLASTICS DEPARTMENT

1987 PFIRST QUARTER OPERATING RESULTS

A. OUTPUT - - JANUARY . PEBRUARY "+ MARCH 17
ONIT UNIT ONIT ONIT
AMOUNT PRICE AMOUNT  PRICE AMOUNT  PRICE PRICE
L REGULAR .
A ~ 28539 15.65 w2 169 460,596 1nn 445
B 165,150 15.40 1,778 1nn 20,730 1950 446
c 32,696 . 1530 0,346 e 3,M 19.96 438
D 26,106 351.95 257,84 W 236,825 ms 1236
B 6,587 313.16 9,249 35535 7,893 360.97 B
F s.9% 346.14 5.7 368.0 7,714 186,52 *®.3
G Lz sz m soL.68 137 ©5.48 129.16
H 2,308 310.04 35m 366.07 en 366.07 7%
1 155 764.78 2,857 954.19 ISIT L0267 28890
] 3,906 1,112.50 L8 12992 5938 139411 2950
K m 1,208.87 L24S 126093 106 1S90 2002
L 3,416 1,038.58 sp0s  1.5131 2662 1,119 200.75
M 3,905 187879 4656 213194 1993 2317 oo
N gss 1,9€.55 1319 2184.41 sl 235488 507.16
o 1432 1,241.47 T4 172625 90  1611.90 N
Others 156,103 3.5 155,070
L ©5.993 1,210,220 1,234,304
2. SCRAP
A 2,898 1.65 3,716 2 4818 2
B 3934 11.00 2,647 1B.05 4,638 B0
c 647 Lo 91 221 406 232
D 2,730 19.25 1,760 3889 o -
Others 2,40¢ 1228 2,668
Sab—totad 12613 9,942 12,650
3. OTHER INCOME INDEX* ‘ INDEX* INDEX*
Sub-total 24,570 “ 2215 5.06 25352 5.40
TOTAL OUTPUT 931,176 1,248,977 1,272,306

*Price todex = Corrent Unit Price / 1978 Unit Price (Base Year/NEDA)
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JANUARY FEBRUARY MARCH
AMOUNT INDEX* | [AMOUNT INDEX* | [AMOUNT  INDEX*
1. DIRECT LABOR 20,287 523 28,454 6.3 36,684 7.64
2. INDIRECT LABOR 47348 4.0 62,163 637 66,275 7.49
3. OTHER LABOR INPUT
@ Hospitalizstion 570 797 62 10.96 1,197 14.03
@ Scusimar Foos 140 4 19 5.06 254 5.40
@ Rics Ration 1,433 2.83 2,364 3.46 2315 3.98
Total 9,778 4,182 106,726/
C. MATERIAL INPUT -
JANUARY FEBRUARY MARCH 1978
5 UNTT uNtT | UNIT | UNIT
ks AMOUNT  COST | |AMOUNT cosT | |AMOUNT  cosT COST
1. DIRECT MATERIALS
A 22537 20.18 324,796 25.70 347,819 2855 7.2
B . 21,146 20.97 21,160 2.05 21,954 u.12 ‘5.71
c 126,073 41.94 125,631 ©0a 147,710 53.85 T a2t
D 9,018 .25 43,206 60.99 39,045 66.24 13.45
B 15,345 0.78 18,156 074 36,374 0.79 o.13
F 2,875 ©®.97 2,937 26.77 2,684 $8.40 32.00
G 19,190 67.98 16,134 5.4 28973 .41 1131
A 48,112 1.3 s7.211 110.1¢ 60,342 114.03 15.81
1 1,715 343.29 2,425 3558711 2457 347.9% “32
Others 46,635 100,247 18,032
Sub—total 545,937 711,903 705,890
2 MANUFACTURING SUPPLIES
Sub-total 14,563 19,562 | 1822
TOTAL $60.500 TLaESs I_ n .12

*Cost Index = Cazrent Unit Cost / (978 Umit Cost
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Table 6.1.3: Company C Plastics Department 1987 First Quarter Operating Results (cont'd)

JANUARY FEBRUARY MARCH
D._CAPITAL [NPUT® COST OF COS7 OF] COST OF
VALUE [NDEX MONEY || VALUE INDEX MONEY || YALUE INDEX MONEY
L FIXED ASSET A0 100 14325 35327 100 14.32% 36515 100 22.20%
2. LIQUID ASSET
o lavty & Receivabics 73,130 4.4 21,49  5.06 409,770 540
0 Canh & Defimrred Charges 97552 444 85475 5.06 2,664 540
Total M08 uns || 3o 14328 || 412,434 2.2%
3. OTHER CAPITAL INPUT
o Deprociation 9.065 4m 10,235 5.06 1,72 540
© Ropairs & Mainttmesce 12,66 444 18430 5.06 25,655 S.40
o Reutale 85 4 SI1 5.0 1,799 sS40
Tod 21,76 29,176 2,156
E. LNERGY INPUT .
1. Pacl . 6,888 3.46 6419 39 5760 298
2. Power & Electricity 29,636 650 9211 534 870 4:66
F. OTHERS INYUT h n : A
L Other Supplies 5718 444 6998 5.6 8738 S.40 |
2 Othor Expomses  * . | ame 4 54791 5.06 5550 5.8 ’

® Vaise X Index = Deflated Value(1978);

Deflsied Vaine(1978) X Cost of Maney = Asect lzput ( Crziy ™ 1%arr Model)

REALST Summary Reports Portray Overall Performance

From the information requirements, my proposition is that among the available

versions of TFPM, REALST can provide most if not all of the users' information needs. |

Hence, I'll start with a REALST application and then evaluate if there are inadequacies

from this application that may need to be addressed using other models or versions.
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Given the three-month sample data, January is used as the reference or base period;
February and March data are used for two review periods. Unit prices are used whenever
available; otherwise the applicable price index is used. Following are the results of the
REALST application. I present the results from summaries to details depending on what
details need further scrutiny.

Tables 6.2.1 and 6.2.2 are the Management Reports explaining changes in profits
from major input categories. Both tables show an increase in profitability in February and
March against January, mainly due to continued improvement in productivity (7.68% in
February and 13.12% in March), large enough to offset the negative change in price
recovery ($54,549.60 in February and $127,953.60 in March). However, March profit
variance decreased ($9,531.30 against $23,377.20 in February).

Table 6.2.1: Management Report on Profit Changes from January to February
QS=-27-1990 17:21:30 Plastics Dept. PROFIT Page# 1
Management Report
CENTRE - 1

January vs. February

VALUES are in DOLLARS

' ' H EFFECT OF

| REFERENCE REVIEW | REALST |

H PERIOD PERIOD PROFIT ! PRODUCTIVITY ! PRODJCT ! RESOURCE PRICE RECOVERY

: VALLE VALUE | VARIANCE | % VARIANCE |  VOLME ALLOCATION! VARIANCE

: A B ! C = ] + B

i : )] = E + F
1TOTAL PRODUCTS 1 933176.0 1248977.0 ¢ H
i- Labor ! 49778.0 94182.0 ! 790.1-1 15.%% 14447.5 13562.3 905.1 15257.5-
- Materials/Suools H 560500, 0 731465.0 | 18716.8 1 7.98 38394.7 0.0 58394.7 3967 7.9-
i- Energy H 16519.0 15690.0 ¢ 6419.3 1 12.89 202.4 0.0 2022.4 4396.9
i~ Other Inouts H 48576.0 65789.0 | 774.1-  1.47 1096.1 11526.0 10429.9- 1870.2-
i- Capital Expenses : 21776.0 29176.0 | 0.7-1 277 807.7 5166.9 4359.2- 838.4-
\GRAND TOTAL - Resources | 717149.0 9%302.0 ¢ 23541.2 1 8,20 76788.4 302:5.3 46533.1 53247, 2-
\GRAND TOTAL - Assets . $8630. 1 78675.4 ! 164.0-1 1,43 1138.4 1145.2 6.7~ 1302, 8-
RIGREGRTE ! TR 1014977.4 ¢ 2377.2 0 7.68 77925.3 31400.4 44525.4 24549, 4-
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Table 6.2.2: Management Report on Profit Changes from January to March

O5-27-1990 17:21:56 Flastics Dept. FROFIT Faoge# 1
Management Report
CENTRE - 1

January vs. March

VALUES are in DOLLARS

! H H EFFECT OF
| REFERENCE REVIEW © REALST | i
i PERIOD PERIM ! PROFIT | PRODUCTIVITY | PRODUCT © RESOURCE !PRICE RECOVERY!
H VALLE VALLE |  VARIANCE | Y VARIANCE | VOLLME ALLOCATION! VARIANCE !
i A B! C = D 6
! : D E E F
iTOTAL PRODUCTS P 9NI76.0 12723060 }
1= Labor i 69778.0 106726.0 ! 11589.6-1 15.03 16041.5 11911.8 429.7
i~ Materials/Sunols T 560500.0 724182.0 ! 40012.0 ¢ 13.73 99411.0 0.0 99411.0 L0
i- Energy i 16519.0 14543.0 ¢ 7979.2 0 L9 289.2 0.0 289.2 7690.0
‘- Other Inputs ! 48576.0 63888.0 | 2341.2 1 4.85 4376.6 9185.6 4809.1- 2078.3-
i- Capital Expenses ; 217760 39156.0 ! 7466.3-1 21,85 B35S, 9- 4117.8 12671.7- 912.4-
{GRAND TOTAL - Resources | 717149.0 948495.0 | 29276.6 1 11.76 111564.4 25215.2 86349.2 £2287.8-
iGRAND TOTAL - Assets ‘ 58630. ¢ 79682.4 | 19745.3-1  26.00 25920.5 1325.8 24594.7 45665, 8-
'ABBREBATE i TI57T79.0 104B177.4 0 9531.3 1 1312 137484.9 26341.0 110942.9 127953, 6~

These results place Company C's Plastics Department in the "Pursue" direction of
REALST's Strategic Grids (see Figure 6.3), i.e., competitiveness is maintained or
improved by not passing on the increases in costs of inputs to the customers; cost increases
are absorbed by the firm through improved productivity. This strategic thrust also helps

prevent inflaton.
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Productivity

«Company C
lastics D

Price Recovery

+
"SCRAMBLE"

"SCUTTLE"
- N\
Figure 6.3; Company C Plastics Department Strategic Grid

The Strategic Grid shows the overall direction the firm needs to take; for Company
C's Plastics Department, they should pursue or continue their current strategic thrust -
continue to improve operations. Tables 6.2.1 and 6.2.2 show that the best contributor to
the productivity increase is labor (15.36% in February and 15.03% in March). However,
it is necessary to closely watch labor price recovery as it is continuing to increase
(-$15,257.50 in February and -$27,631.20 in March) while labor productivity seems to

have plateaued. Materials and supplies, the biggest cost driver and, therefore the biggest
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source of potential savings, show increasing trends in productivity (7.98% in February and
13.73% in March) although price recovery is worsening (-$39,677.90 in February and -
$59,399.00 in March) This situation implies that Company C's Plastics Department needs
to further increase materials and supplies productivity, influence suppliers to lower their
prices, and/or increase their selling price.

The information presented in the preceding paragraphs, tables and figures are
examples of information REALST provides. These address the information needs
identified earlier: (1) Physical productivity measures related to plant efficiencies and
financial measures; (2.1) The increase in profitability due to the increase in productivity
despite the decrease in price recovery, implies selling prices can still be lchred, if
necessary. Further decreases in selling price can be evaluated using REALST's budgeting
method to be discussed later; (2.2) The two tables clearly show the contribution of labor to
overall performance; (3) REALST indicates possible causes of variance and points out
areas for improvement. More details can be obtained from other reports, depending on the
need, as will be discussed later; (5) REALST shows how the firm: has responded in the
past to changes in market demand. It can also evaluate different plans for responding to

market demand using the budgeting method to be discussed later.

REALST Detailed Reports Help Analyze Variances and Point QOut Areas for
Improvement
Since the trend of labor productivity is plateauing, while labor price recovery
continues to worsen, there is a need to look more closely into labor performance. Matenals
and supplies also deserve further scrutiny as price recovery is worsening while productivity
continues to improve. Capital assets also need to be analyzed; while productivity improved

(1.45% or $1,138.40 in February and 26% or $25,920.50 in March), price recovery
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decreased by -$1,302.4 in February and -$45,665.8 in March. These are the more

significant factors (see Figure 6.4) to consider based on Tables B.2.1 and B.2.2.
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Tables 6.3.1, 6.3.2, 6.3.3, 6.3.4, 6.4.1, 6.4.2, 6.4.3, 6.4.4, 6.4.5, and 6.4.6
show the necessary details needed to further analyze the more significant causes of the
changes and the possible improvement opportunities. Tables 6.3.1 and 6.3.3 show that
while indirect labor productivity has improved (21.37% or $13,282.60 in February and
28.01% or $18,564.70 in March), this is offset by the decrease in price recovery
(-$12,074.30 in February and -$20,284.70 in March). Comparing these numbers with the
labor totals shows an improvement in productivity (15.36% or $14,467.50 in February and
15.03% or $16,041.50 in March) but a decrease in price recovery (-$15,257.50 in
February and -$27,631.20 in March).This indicates indirect labor clearly accounts for most
of the changes in labor performance. Tables 6.4.1 and 6.4.4: Raw Data Reports for
February and March, show that weighted average (or total) of product quantities increased
by 20.82% in February and 15.55% in March; and prices increased by 10.78% in February
and 18% in March. Indirect labor, on the other hand, decreased in quantity but increased
significantly in cost (-.45% in February and -9.74% in March for quantities; and 31.88% in
February and 55.07% in March for prices). Hence, the big increases in indirect labor costs
caused the labor price recovery problem.

Tables 6.3.1 and 6.3.2 also show that the materials price recovery problem is
mainly caused by Direct Material A. The dollar effect of total materials and supplies price
recovery was -$39,677.90 in February and -$59,399 in March mainly caused by Direct
Material A's price recovery dollar effect of -$45,128.30 in February and -$61,136.30 in
March. Tables 6.4.2 and 6.4.5 show that Direct Material A's price recovery increase is
mainly due to its cost increases of 27.35% in February and 41.48% against product price
increases of only 10.78% in February and 18% in March, as pointed out earlier. Hence,
there is a need to pay close attention to Direct Material A's cost such as directly confronting

the problem by looking for alternative sources, suppliers, or even substitutes; continuously
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improving productivity (which is presently low in relation to theiother direct materials); to
prevent the last recourse action of eventually increasing selling prices.

Regarding capital assets, Tables 6.3.2 and 6.3.4 show that the main problem is
Inventory and Receivables. Both productivity and price recovery decreased (-11.94% or
-$7,299.20 in February and -6.33% or -$5,757.90 in March for productivity and
-$1,505.90 in February and -$31,884.90 in March for price recovery). This problem is
mainly caused by the increase in Inventory and Receivables from $273,130 in January to
$427,049 in February and $409,770 in March (see Tables 6.4.3 and 6.4.6).

From the REALST summary, users can determine what level of detail and which
particular report is needed to further analyze what causes the critical changes and pinpoint

improvement opportunities.
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3.1 Profit Detailed Analysi

15-27-1990 17:71:48 Flastics Deot. FROFIT Faae# 1
Detailed Anmalvsis
CENTRE - 1
Januarv vs. Februarv

TEFECT OF

SEFERENCE REVIEW ! RZALST

PERICD PERICD © PRCFIT i SRCDUCT £ SOUF CZ RECOVZRY
H VaLLE VALLE ! VARIANCE @ % YO.UME AL TCATION! VARIANTE!
A B z = D + :
L E g + 3
CTITA. PRODUCTS EESI Y 124897770 ) '
LRBCE
Jirezt canor : 20287.¢ 28454, {30le- .28 Ry 14577
"Incirect Lapor ! STIEELC 82163,0 1 1208.5 ¢ 0.7 1T004,2 288
TSUE-TOTAL - pador : 47625.0 906:7.0 ! 92,31 le.3l 14775.9 13001.2 774.7 14865, 2-
.OTHER LABOR COSTS : ! ' H
Hosoitalization : 570.0 842.0 ! 99.1-1  9.87 85.0 163.2 78.2- 184.1~!
:Seminar Fees ! 140.0 339.0 ¢ 131,671 43.14- 146,2- 3.2 179.5- S.4-1
‘Rice Ration | 1435.0 2364.0 ! 446,11 10,46 247.2- 364.8 612.0- 198.8-1
‘SUB-TOTAL - Other Costs ! 2143.0 3565.0 4 696.8-1  B.45- 308.4- 561.2 B869.6- 368.4-
TOTAL - Labor i 69778.0 94182.0 | 790.1-1 15.3% 14467.5 13552.3 903.1 18257.5-)
Direct Materials H ! H |
A H 225328.0 324796.0 | 23213.6-)  4.75 21914,7 0.0 219147 45126.3-:
B H 21146.0 21160.0 & 71421 1 26,96 5704.5 0.0 3704.3 1437.6 1
iC H 126073.0 125631.0 } 43107.0 | 43.01 54039.0 0.0 54039.0 10932, 0~
‘D H 39018.0 43206.0 ¢ 9016.3 ¢ 12.31 3320.1 0.0 5320.1 3696.2
iE H 15845.0 18156.0 | 3051.2F 0.03 6.2 0.0 6.2 3044,9 |
iF 1 2875.0 2937.0 ¢ 910.9 ¢ 20.78 610.2 0.0 410.2 300.8 1
] ; 19190.0 16134.0 | 9550.2 | 38.42 4198.8 0.0 6198.8 51,4 )
H H 48112.0 57211.0 § 7182.8 ¢ 0.73 426.4 0.0 426.4 6796.4 |
i1 ! 1715.0 pLy~N 129.6-1 11,58~ 280.7- 0.0 280.7- 151.1
{Dthers : 36635.0 100247.0 1 37830.0-1 33, 36034.5- 0.0 36034.5- 1795.5-)
SUB-TOTAL - Materials : 545937.0 711903.0 ¢ 187687.4 |  8.13 57904.7 0.0 57904.7 39117.2-)
‘Manufacturing Supplies | 14563.0 19562.0 ! 70.7-1 2,51 490.0 .0 490.0 560.7-
\SUE-TOTAL - Mfg. Suplies | 14563.0 19562.0 ¢ 70.7-1 2,51 490.0 0.0 490.0 560.7-:
\TOTAL - Materials/Suppls | 560500.0 T1465.0 | 1871681 7.98 58394.7 0.0 58394.7 39677.5-
| ENERGY ! H H
\Fuel : 46883.0 4419.0 : 2793.3 1 26,93 1726.8 0.0 1728.8 1064.5 1
iPower ! 9636.0 9271.0 % 3626.0 1 317 292.6 0.0 292,46 kaonly B
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39 Profit Detziled Analysi Q)

VE-27-1C%0  1T7:171:49 Flastics Derct FROSIT  Fages Z
Detailed Analvs:s
CENTRE - 1
January vs. Februarw
VAL JES are in DIOLLARES

; ' i EFFECT OF

i REFERENCE REVIEW : REALST !

; PERIOD PERIOD ! PROFIT | PRODUCTIVITY | PROJCT | RISGURCE PRICE RECOVERY

! VALUE VALLE | VARIANCE | % VARIANCE ! VOLUME  (ALLOCATION: VARIANCE

: A B! C = ) + 5

\ : D = E + F
\TOTAL - Energy | 16519.0 15690.0 @ 6419.3 ¢ 12.89 2022.4 0.0 2022.4 4396.9
\0THER ! H : ' '
iSupplies : 5718.0 6998.0 1§ 635.1 ¢ 12,51 875.2 13%6.7 481.5- 220,2-
\Expenses H 42858.0 58791.0 ! 1429.2-1 0.38 220.9 10169.2 9948, 3- 1630, 1-
\TOTAL - Other Inputs H 48576.0 43789.0 | T 1-1  1.67 1096.1 11526.0 10429,9- 187¢. 2-
\CAPITAL EXPENSES ! H H
iDepreciation | 9045.0 10235.0 ! 1897.7 | 21.9% 2246.7 21%0.9 95.8 349.0-
iRepairs and Maintenance ! 12426.0 18430.0 1798.9-1 7.16- 1320.4- 2948.4 4268.8- 478.4-
iRentals } 285.0 511.0 ¢ 129.6~ 23.21- 11B.6- 7.6 186.2- 11.0-
i TOTAL - Capital Expenses ! 21776.0 29176.0 ¢} 30.7-1 2.7 807.7 5106.9 4359.2- 838.4-
GRAND TOTAL - Resources 717149.0 936302.0 i 341,21 8.2 76788.4 30245.3 46533.1 53247.2-
'Fixed Assets } 3500.3 5098.8 | 2302.9 ¢+ 3136 1586.7 1145,2 441,35 716.2
Liguid Assets i H H
Inventory and Receivables! 39112.2 61153.4 | 8805.0-: 1!.94- 7299.2- 0.0 7299.2- 1508.9-
Cash and Deferred Charges: 14017.6 12423.1 4 6338.2 ¢ 35.15 £850.9 0.0 4850.9 512.7-
BRAND TOTAL - Assets ; 58630.1 768635.4 | 164.0-1  1.45 1138.4 1145.2 6.7- 1302.4-
AGBREBATE | 775779.1 1014937.4 23377.2 0 7.48 77926.8 31400,4 46526.4 54549, 6~
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Table 6.3.3: Profit Detailed Analysis (contc)

05-27-1990 17:71:54 Flastics Dept. FROFIT Fage# 1
Detailed Analvsis
CENTRE - 1
January vs. March
VALLUES are in DOLLARS

: i ' EFFECT OF

i AEFERENCE REVIEW | REALST &

! PERIOD PERIOD i PROFIT ! PRODUCTIVITY | PRODUCT © RISQURCE !FRICE RECOVERY

VALLE VALE VARIANCE § % VARIANCE @ VILUME  JALLCCATIOND VARTANCE
H A s C = D + 3
D = 3 - F

1 TOTAL FRCILCTS §2176.0 272306.0 :
| LABCR ) i
‘Direct Laoor 200870 36685.0 ! F625.4-1  o.b6- 2432,0- .0 2442,0- £E8T.4-
yincirect Labor : 47348,0 66273.0 1 1720,0-1 28,01 18544.7 11416.0 7148.7 10084,
SUB-TOTAL - Labor ' 67673, 10296G.0 ¢ 10745.4~1 15, 16122.7 11416.0 4706.7 Z6868.2-
\OTHER LABOR COSTS ; : 1 ;
Hospitalization H 570.0 1197.0 : 419.9-1  3.14- 37.6- 156.0 193.6- I82.3-!
\Seminar Fees ! 140,0 254.0 ! 83.1-1 22.54- 57.3- 26.5 83.7- 5.9-
‘Rice Ration | 1433.0 2315.0 1 361,21 0.59 13.7 313.3 299.7- 374.9-)
.SUB-TOTAL - Other Costs | 2143.0 3766.0 } 844,2-1  2.16- Bl.2- 495.8 577.0~ 763.0=1
TOTAL - Labor H 69778.0 106726.0 ! 11589.6-1 15.03 16041.5 11911.8 4129.7 27631.2~1
Direct Materials H | ! H
A ! 225328.0 347819.0 | £O603 ¥ 5% 20332.8 0.0 20532.8 41136.3-1
‘B | 21146,0 21954.0 | 5.8 1 28.0¢ 6150.1 0.0 6150.1 7267 4
.C i 126073.0 147710.0 ¢ 24179 B! 26.83 39333.3 0.0 39383.3 18153.5+
D ! 39018.0 39045.0 | 14152.7 © 28.09 11338.4 0.0 11358.4 2794.3 |
i i 15845.0 36374.0 | 14770.7-1  49.02- 17830.7- 0.0 17830.7- 3060.0
IF H 2875.0 2684.0 ¢ 1235.8 ¢ 28.77 772.1 0.0 772.1 463.7 |
6 1 19190.0 28973.0 ¢ 2809.1-1 21.84- 6332.9- 0.0 6332.9- 3523.8
‘H H 48112,0 60842,0 | 47946 1 6. 24~ 3798.8- 0.0 3796.8- 8533.4 |
i1 ! 1715.0 2457.0 | 118.7-} 18.39- 451.8- 0.0 451.8- 333.0 ¢
iOthers i 46635.0 18032.0 | 45550.9 | 263.45 47504.8 0.0 47504.8 1954.0-1
'SUB-TOTAL - Materials H 543937.0 705890.0 ! 3B448.6 1 13.78 97237.4 0.0 97237.4 58788.8-!
‘Manufacturing Suppiies | 14563.0 18292.0 | 1563.4 | 11.88 2473.6 0.0 2173.6 610.2-
1SUB-TOTAL - Mfg. Suplies ! 14563.0 16292.0 | 1%63.4 1 11,88 2173.6 0.0 2173.6 610.2-
{TOTAL - Materials/Suppls | 560500.0 724182.0 | 40012.0 | 13.73 99411.0 0.0 99411.0 59399.0~
'ENERSY ! ] ' Jem
Fuel ] 4883.0 5760.0 1 3624.4 | 18.92 1089.8 0.0 1089.8 2574.5 1
Power ! 9636.0 B783.0 | 4334.9 1 9.12- 800. 6~ 2.0 800. 6~ 5:35.5
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1E-2T-1%90  1T:Tl:S Fiastizes Dect. FROFIT  Face® I
Detailed Anelvels
CENTRE - .
Januarv vs. March
VALUES are 1+ ZZLLARE

. 1 : eFFeCT OF

| REFERENCE REVIEW | REALST ! ;

H PERIOD PERIOD @ PRGFIT . PRODUCTIVITY PRODUCT 1+ RESOURCE [PRICZ RECOVERY

H VALUE VALUE | VARIANCE | % VARIANCE VOLUME ALLOCATION: VARIANCE |

! A B o = D + [

! : ] = E + F
TOTAL - Energy H 16519.0 14543.0 | 7979.2 ¢ 1.9 289.2 0.0 289.2 7690.0
\OTHER INPUTS H H ; H
‘Supplies H 5718.0 8338.0 | 542,01 3.63- 302.4- 1081.3 1383.7- 239.6-1
{Expenses H 42858.0 55550.0 ! 2883.2 1 8.42 4479.0 B104,4 J425.4- 1795.7-1
iTOTAL - Other Inputs H 48576.0 63888.0 | 341,21 685 4376.6 9165, 6 4809. 1- 2035, 31
{CAPITAL EXPENSES H H H H
iDepreciation ! 9065.0 11762.0 ! 597.4 % 8.3t 977.2 1714.2 737.0- 379.8-!
iRepairs and Maintenance ! 12424.0 23655.0 | 8713.2-) 3.5~ B192.46- 49,7 10542, 3- 520.6-!
'Rentals H 285.0 1739.0 | 1350.4-1  78.97- 1338.5- £3.9 1392.4- 11.9-1
TOTAL - Canital Expenses | 21776.0 39156.0 ! 9446,3-!  21.85- 8533, 9- 4117.8 12671.7- 912.4-
[GRAND TOTAL - Resources |  717149.0 948495.0 | 29276.6 1 1176 111564.4 25215.2 86349.2 82287.8-1
iFixed Assets ! 5500.3 BlZ2.1 i 622.9-1 2131 1730.7 1325.8 404.9 B55.6=1
\Liguid Assets H ; H» '
! Inventory and Receivables! 39112, 90968.9 | J7682.8-1 6.3 5757.9- 0.0 5757.9- 31884,9-:
iCash and Deferred Charges: 14017.4 391.4 % 18520.3 15063.79 29947.7 3.0 29947.7 11427.3-1
IGRAND TOTAL - Assets : 38630.1 99682.4 | 19745.3-1  26.00 25920.5 1325.8 24594.7 45665, 8-
| AGBREBATE 1 775719.1 1048177.4 | 9531.3 + 13,12 137484.9 26541.0 110943.9 127953, 61
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S5-1990 15:26:73 Flastics Deot. INFUT Fage# 1
CENTRE - 1

January vs. February

VALUES are i1n DOLLARS

CESCRIPTION i REVA! REFERENCE PERIQD : REVIEW FERIOD ' CHANEE 1n RATIO

: . VALLE  QUANTITY  PRICE | VALUE  QUANTITY  FRICE . VALUE  GQUANTITY PRICE
REBULAR MOLDS : ; ;
A : ©283390.0  1B2TE. 15,65 ¢ T78227.0  Z234B.2 1879 0.31479 (,22532 0.07284
B ' 165150.0  10724.0  15.40 © 217775.0 11946.0 18,27 ' (.11B&S  0.11394 0.18377
C : . 32696.0  2069.4 5.80 ¢ 47346.0  2541.4 13,63 ¢ 0.44807 0.22810 G.17911
D g 226106.0 842.4 351,99 1 257824.0 T00.6  67.98 0 0.14028  0.09041 0.04533
E ; 6587.¢ 21,0 S1S.16 1 9249.0 26,0 TTS.B6 1 0.40417  0,23365 0.1363%
£ i 5982.0 17.3 346.14 1 SBIT.O 15,6 183,40 1 0.02428- (,0820- 0.06471
8 : Ci227.0 2.9 425280 2250 0.4 501,68 1 0.B1826- 0.84593- 0,i7948
H ; 2308.0 7.4 310,04 1 33020 9.0 360,07 1 G,43068 0.2{170 {18072
I H d 155.0 6.2 76478 ¢ 2857.0 3.0 954,19 1 17.43226 13,7739 G.24797
J i i 3806.0 5.4 111250 1 4663.0 3.6 1289.92 0 0.22517  0.05666 0.15945
K : . 872.0 0.7 1208.87 : 1245.0 1.0 1260.93 1 0.42775  0.36880 0.04307
L i T J416.0 3.3 1038.88 ¢ 5004.0 4.4 1131311 0.46487  0.34519 0.08897
L] i v 3803.0 2.0 1878.79 |  4636.0 2.2 231,94 0 0.22365  0.07835 0.13474
N : 1 938.0 0.5 1942,55 ! 1319.0 0.6 2184.41 ! 0.37683 0.22438 0.124c!
0 i iO1432,0 1.1 1247.47 1 74,0 0.4 1726.25 1 0.48045 0.62455- 0,38380
Others : 1 156103.0 35158.3 4.44 | 273549.0 540611 5.06 1 0.75236  0.53765 0.13964
Total i ! 895993.0 11210820.0 1035137 0.22213  0.10575
SCRAP H H H i ;
‘A i 128980 1756.4 1,651 37160  1839.6 2,021 0.28226 0.04739 0.22424
B i i 39340 7.6 11,00 1 2647.0 202.7  13.06 © 0.32715- 0.43328- 0.18727 .
C 1 T 6470 I58.6 1.8 5910 260.4 2.27 1 0.08655 0.26361- 0,24044
D i i 27730.0 141.8  19.25 1 1780.0 45.3  38.89 ¢ 0.35531- 0.68089- 1.02026
Others : 1 24040 541.4 4.4 12280 282.7 5.06 1 0.48918~ 0.55177- 0.13964 |
‘Total H {12613.0 T 9942.0 i 0.21177- 0,39031- 0,29285
OTHER INCOME H ! 24570.0  5333.8 A4 28215.0 5576.1 3.06 1 0.14835  0.00764 0.13964
Total H 1 24570.0 1 28215.0 1014835 0.00764 0.13964 ¢
Brand Total H 1 933176.0 11248977.0 Po0.53842 0.20820 m
LABOR ! : H i
‘Direct Labor 11,000 20287.0  3879.0 5.23 1 28454.0 4452, 6.39 1 0.40237  0.14796 0.22180
Indirect Labor 10,000 47348.0  9802.9 4,83 1 62163.0  9738.7 6.37 1 0.31290  0.00451- 0.31884 |
Sub~-total : 1 67635,0 1 90617.0 Po0.33979 0.03882 0.28975 !

Other Labor Costs ! H ! i
Hospitalization 1 0,00} 570.0 71.5 7.97 } B62.0 78.6 10,96 ¢ (.51228 0.09972 0.37514
Seminar Fees 1 0,001 140.0 3.5 4,44 339.0 67.0 5.06 1 1.42143  1.12473 0.13944
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42 |

S-1990 15:26:734 Flastics Dent. INFUT Fage# 2
CENTRE - 1
Januarv vs. February

DESCRIFTION i REVA: REFERENCE FERIOD : REVIEW PERIQD CHANBE 1n RATIC
: ¢ VALUE  OQUANTITY  PRICE | VALUE  QUANTITY  PRICE ! VWALLZ  QUANTITY  PRICE
sice Ration D0.000 143300 Sib.4 .83 23ed.0 683.2 Tode 1 G.e4949 0 0,343T: 0.22281
Sun-totai . v 21850 v 2585.0 . Deeelde 0,32267 L2TTTT
Teual : 1 £§778.0 | 94182.0 Co0.38574 0 0,04732 0,28873

irect Materiais ;

b D 1,007 205028.0  1:185.9 20,18 ) JZ&7%e.0  1283B.0 25,70 ¢ 0.44142 Q13188 0.7

3 D 1,000 20146.0  1G0B.4 20,97 | 21160.0 959.6  22.05 ¢ G,00006 0,046 LiTiTe
c 1,000 126073.0  3006.0 41,94 ; 1256310 2539.5  49.47 | G.00TSi- 0.15519- (.179%4
D i 1,00 39018.0 658.5  59.25 1 43206.0 708.4 60,99 1 010734 0.07574 0.(2937
£ 11,000 15845.0  20314.1 0.78 | 18156.0 24575.1 0.74 | 0.14585 0,2077% (.05.128-
F ' 1,000 2875.0 3.8 BA9T L 2937.0 3.8 B&TT Y 0.02057  0,00037 0.02118
6 ! 1,00 19190.0 282.3  67.98 ¢ 16134.0 28,4 45.48 1 0.15925~ 0.12715 (.0378-
H V1,000 48112.0 4329 111130 57211.0 519.2 110,19 § 0.18912  0.19927 (.00B44~
1 V1,000 1715.0 5.0 343.89 1 2425.0 6.8 355.87 ) 0.41399  0.36639 0.03484
Others D 1,000 46635.0  10503.4 4,44 ! 100247.0 19811.7 5.06 1 1.14941 0.88422 0.13944
Sub-total ! ! S45937.0 ! 711903.0 1 0.30400  0.11732 0.16708
Manufacturing Supolies | 1.00% 14563.0  3280.0 4,44 ) 195620  3866.0 5.06 1 0.34377  0.17868 0.13944
Sub-total ' ! 14563.0 1 19562.0 ! 0.34327  0.17868 0.13964
Total ] i 560500.0 ! T31465.0 ! 0.30502 0.11888 0.16636
Energy H H H '

Fuel 11,008 6883.0 1989.3  3.46 ) 4419.0  1893.5 3.39 1 0.06741- 0.04816- 0.02023-
Power 11,000 96360 1482.5  6.50 ¢ 9271.0 17341 5.34 ¢ 0.03788- 0.17112 0.1784-
Total H ! 16519.0 ! 15490.0 ! 0.05018- 0.07025 0.11253-
Other Inputs H ! H !

Supplies 10.00! S718.0 1287.8 4.84 1 4998.0  1383.0 5.06 | 0.22385 0.073%0 0.1394
Expenses ! 0.00! 42858.0  9452.7 4.44 ! SB791.0 1141B.8 5.06 1 0.37176  0.20368 0.13964
TOTAL ' | 48976.0 | 65789.0 ! 0.35435  0.18840 0.13964
Capital Expenses B H H H

Deoreciation 10,000 9085.0 2041, % 4.44 ! 10235.0  2022.7 5.06 1 0.12907  0.00928- 0.13964
Reoairs and Maintenance | 0.00) 12426,0  2798.4 4,44 | 18430.0  3642.3 5.06 1 0.48318  0.30145 0.13964
Rentals ' 0.000  285.0 4.2 4.4 511.0 101.0 5.06 | 0.79298 0.57329 0.13944
Total ! V21776.0 | 29176.0 1033982 0.17366 01394
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Table 6.4.3; Raw Data Report (cont'd)

3-1990 1S:26: 7S Flastics Dept. INFUT Face# T
CENTRE - 1
January vs. February

VALUES are in DOLLARS

DESCRIPTION i REVAI REFERENCE PERIOD i REVIEW PERIOD i CHANGE in RATID ,
! ! OVALUE  QUANTITY  PRICE | VALLE  QUANTITY  PRICE ! VALUE  QUANTITY PRICE !
Grand Total ! 1 717149.0 : 1 936302.0 T0.30359  0.11663 0.16923 |
Fixed Assets 10,000 5500.3 38410.0 0.14 | 5058.8 35327.0 0.14 | 10.080Z7- 0.08027~ 0.00000 |
Liouid Assets ' ! H i
Inventory and Receivables! 1.00) 39112.2 41515.8 0.64 | 61153.4 B4397.0 0.72 1 0.56354 0.37196 0.13964
Cash and Deterred Chargesi 1.000 14017.6 22046.8 0.64 | 12423.1 17169.0 0.72 1 0.1137% 0.22125- 0.13805
Brand Total : | 586301 1 78635.4 bo0.34121 0.19096 0.12816 §
ABGREBATE H i TT5779.1 11014937.4 ! 0.30828 0.12205 0.16597 |
Fixed Assets 10,000 38410.0 38410.0 1,00 ¢ 35327.0 33327.0 1.00 | 0.08027- 0.08027- 0.00000

Liuid Assets H !
Inventory and Receivabiesi 1.00!
Cash and Deferred Charges: 1.00! 97888.0 22046.8 4.4

273130.0  61515.8 4,44 | 477049.0 B4397.0 5.06 1 0.5634 0.37196 0.13964
| 86875.0 17189.0 5.06 1 0.11251- 0.22125 0.13964

Grand Total ' 1 409428.0 | 349251.0 10.34151  0.19082 0.12654
TOTAL ASSETS : i 409428.0 1 349251.0 i
RATE of RETURN (X) : P57 HE A H
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Table 6.4.4: Raw Data Report (cont'd)

S-1590 15:26:28 Flastics Dent. INFUT Fage# 1
CENTRE - 1
Januarv vs. March
VALUES are i1n LDOLLARS
CESCRIFTION . REVA: REFZRENCE PERIOD . REVIEW PERIOD CHANGE 1n RATIO

; VALUE  GUANTITY  PRICE | VALLE  QUANTITY  PRICE | VALLE  QUANTITY  FRICE
‘RESULAR MCLDE H j
A 16275.8 15,85 1 46(3%6.0  24620,1 18,70 0.61722 .35010 (. 19489
B . 10724.0 15,40 1 2<T780.0  12501.5 19.50  G.4Tell 0.1657T L.28617
c . VO30696.0  2069.4 15.80 ¢ S3772.0 26940 19.95  0.64460 G.J01B4 L I63TF
‘0 : 1 26106,0 642, 351,95 | 2B4E2S.0 7700 TG 0.26834  6,20007 0.0570T
£ i » o 6587.0 21,0 15160 7990 21,3 369.97 & 0.19827  0.01427 G.1B'4:
F ! | 5982.0 17.3 346140 TTIA0 20,0 385.S2  0.28954  0.154BI I.llée:
[ : T 12270 2. 425,28 1 1327.0 2.7 493,48 1 0,0B150  0.07173- 0. 18507
" ' T 2308.0 7.4 310,04 | 871.0 LB J66.07 1 GL70827- 0.75T77- 0L1E0TT
1 H : 155.0 0.2 764,78 1 I517.0 3.4 1042,67 | 21.69032 15.44295 (L3833
W ' 1 3806.0 3.4 1112.50 ¢ 5938.0 4.3 1394.11 1 0.36017 0.24301 G.257:C
K i i 872.0 0.7 1208.87 1 1045.0 0.7 1559.82 1 0.19839 0.07124- (.290%1
L : T 3416.0 3.3 1038.88 | 2602.0 2.4 1119.47 | 0.22073- 0.27683- 0.07757
] 1 i 3805.0 2.0 1878.79 i 1B93.0 0.8 2313.77 1 0.50250- 0.59403- €.23152 @
N i H 958.0 0.5 1942,55 ! 911.0 0.4 2354.88 | 0,04%06- 0.21397- 0.2122¢
0 H ! 1432.0 1.1 1247.47 ) 890.0 0.6 1411.80 | 0.37849- 0.51898- 0.29206 .
1Others H ' 156103.0  35198.3 4.44 | 153070.0 28716.7 5.40 | 0.00662- 0,18322- 0.21622 ©
iTotal i | 895993.0 11234304.0 10,3778 0.16978 0.17765 ¢
| SCRAP i H : ! H
‘A H Vo 2898.0  1736.4 1.65 1 4888.0 17%.3 .82 1 0.68668  0.01311- 0.70909 |
B H I 3940 357.6 11.00 | 4488.0 7.9  13.10 ) 0.19166  0.00063 0.19291 |
iC i i 647,0 I3.6 1.83 1 406.0 175.0 2.32 1 0.3724%- 0.50502- 0.26776 |
‘D H i 2730.0 41,8 19.25 ! 0.0 0.0 S.40  1.00000- 1.00000~ 0.71948-!
iDthers H i 2404,0 541.4 4,54 1 2668.0 494,1 S.40 | 0.10982 0.08748- 0,21622 |
!Total H 1 12613.0 1 12650.0 1 0.00293  0.261B4- 0.35849 .
{OTHER INCOE H i 24570.0  5333.8 4.4 ) 53,0 4948 S5.40 | 0.03183 0.15161- 0.21622 |
iTotal H i 24570.0 1 253%2.0 i 0,03183  0.15161- 0.21622 .
!6rand Total H 1 933176.0 11272306.0 ! 0.36341  0.15548 0.17995
LABOR : : H ! i
‘Direct Labor 1 1,000 20287.0  3879.0 5.23 1 36485.0  4801.7 7.64 | 0,80830 0.23788 0.46080 :
iIndirect Labor 10,00 47348.0  9802.9 4,83 | 66275.0  6848.5 7.49 | 0.39974 0,09734- 0.35072 |
1Sub~total H P 67635.0 1 102960.0 10,5229 0,00096- 0.52375 |
\Other Labor Costs 1 H ! H ;
{Hospitalization 10,00 370.0 71.5 7.97 +  1197.0 85.3 14,03 1 1.10000 0.19294 0.,76075 !
'Seainar Fees 1 0.00: 140.0 3 4.4 254.0 47.0 S.40 | 0.81429 0.49175 0.21622 :
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Table 6,4.5: Raw Data Report (conr'd)

§-1990 15:26:39 Flastice Dept. INFUT Face# 2
CENTRE - 1
January vs. March
VALLUES are 1in LOLLARS
DESCRIFTION REVA! REFERENCE PERIOD ; REVIEW PERIOD | CHANGE 1n RATID

| L OVALUE QUANTITY FRICE | VAl GUANTITY FRIZE | VAUE QUANTITY FRIZT
‘Rice Ration a0t 18T7.0 Soe.4 .33 271800 SeL.7 1.58 G.01T49 G, 14870 G.d0eTe
Suc-zotai T 2145.0 T768.0 GLTITIE O LG IBO9L L4300
Total 65778.0 1067280 0,3295!  G,00430 0,SICce
Lirest Materials : ; :
A .00 225828.0  L1185.9 20,18 | 347819.0 121BL.§ 2853 0 004361 0.09107 0, 8147
B CL000 2600 008,64 20,97 1 21954.0 916,2  28.:2 1 0.03821 0.0873E- O, :
C D 1,001 126073.0 3006, 0 41.94 | 147710.0 2743.0 S5..85 0 0.17162  0.08730- 4,282
D U 1,000 39016.0 098,95  59.25 1 39045.0 589.4 60,24 © 0.00069  0.10491- (. 107
E 11,000 1584S.0 20314.1 G.78 1 38374.0  46043.0 0,79 1 1.29561  1.26636 - 0.01282
F 1,000 2875.0 T.8 8497 2484.0 30.4 83,40 1 0.08643- (.10266- U, 04037
6 ! 1,000 19190.0 282.3 467.98 1 28973.0 417.4  69.41 1 0.50980 0.47869 ©.02104 |
H 11,000 48112.0 432.9 111,13 1 40842, 535.6 114,03 ) 0.26459  0.23243 0.02610
1 11,000 1715.0 5.0 343.89 1 2457.0 7.0 347,98 1 0.43265 0.41581 0.01189 i
'Others V1,000 46635,0 10503.4 4.4 ) 18032.0 33393 5.40 | 0.61334- 0,68208- 0.21622
1Sub-total ! | 545937.0 1 705890.0 i 0.29299 0.01558 0.27315
Manufacturing Supplies ! 1,00} 14563.0  3280.0 4,44 | 18292.0 3387.4 5.40 | 0.25606 0.03276 0.21622 !
Sub-total 1 1 14563.0 ! 18292,0 t0.25606  0,03276 0.21622 !
Total H  560500.0 i 724182.0 v 0.29203  0.01601 0,27167 !
Energy ! ! H H |
'Fuel 11,000 6883.0 3 .46 1 9760.0  1932.9 2.98 1 0.16316~ 0.02836- 0, 13873~
Power 11,000 9636.0 .5 6,30 | 8783.0  1B884.8 4.66 ¢ 0,08852- 0,27137 0.28308-!
Total | i 16519.0 I 14543.0 10.11962- 0,13295 0,22293-i
Other Inputs H H H 1 '
‘Supplies 1 0.00! 5718.0 1287.8 4,4 | B338.0 1544.1 5.40 | 0.45820 0.19897 0.21622 !
Expenses i 0.00i 42898.0  9632.7 4.44 | 55530.0 10287.0 S.40 1 0.29614 0,06572 0.21622 !
TOTAL H ! 48976.0 ! 63888.0 10,3152 0.08140 0.21622 !
Capital Expenses H | : : '
‘Depreciation 10,000 9065.0  2041.7 4.44 | 11762.0  2178.1 40 0 0.29752  0.06685 0.21622 |
Repairs and Maintenance | 0.00) 12426,0  2798.6 4,44 1 25655.0  4750.9 S.40 | 1.06462 0.69758 0.21622 1
iRentals 10,000 285.0 64.2 4.4 17390 2.0 S.40 1 5,10175  4,01700 0.21622 .
Tetal P 2TTe.0 : D 079813 0.4784 0.21622

39156.0
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Table 6.4.6: Raw Data R cont'd)

§-1990 15:26:40 Flastics Dept. [NFUT Fage# T
CENTRE - 1
January vs. March

VALUES are in DOLLARS

DESCRIPTION i REVA; REFERENCE PERIOD H REVIEW PERIOD : CHANGE in RATIO

i i | VALLE  QUANTITY  PRICE | VALLE QUANTITY  PRICE ! VALLE  QUANTITY PRICE
‘Brand Total | 1 717149.0 i 948495.0 10,3259 0.03387 0.2792%
‘Fixed Assets 10,000 5500.3 38410.0 0.14 1 8122.1 34586.0 0.22 1 0.47666 0.04749- 0.53028
iLiouid Assets : ! ! i

‘Inventory and Receivables! 1.007 39112.2 61515.8 0.64 | 90968.9 75883.3 1,20 1 1.32584 0.Z3356 0.88547
iCash and Deferred Charges! 1.00! 14017.6 22044.8 0.64 1 591.4 493.3 1.20 1 0.95781- 0.97762- 0.88547
{6rand Total i i 58630.1 i 99682.4 i 0.70019  0.08297- 0.85403
1AGEREBATE : V7797791 11048177.4 to0.35113  0.02150 0.32270
iFixed Assets 1 0,000 3B410.0 38410.0 1,00 | 36586,0 36386.0 1,00 | 0.04749- 0.04749- 0.00000
Liouid Assets : ! H H

‘Inventory and Receivables! 1.00! 273130.0 41515.8 4,44 | 409770,0 75883.3 5.40 1 0.50077 0.23336 0.21622
iCash and Deferred Charges! 1.00! 97888.0 22044.8 4.4 1 2064.0 493.3 S.40 1 0.97279- 0.97762- 0.21622
i6rand Total ! 1 409428.0 | 449020.0 ! 0.09670  0.08297- 0.19393
I TOTAL ASSETS ! | 409428.0 1 449020.0 !

‘RATE of RETURN (%) i i 32,78 boT212

REALST Can Generate "Challenge Budgets”
Two information needs identified were: how low the selling price could go without
sacrificing profitability and how the firm could respond to changes in market conditions.
REALST has a method for generating a budget based on targeted or required productivity,

budgeted sales volume, budgeted selling price, and budgeted cost resource price. Table
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6.5.1 shows how REALST generates a budget based on percentage changes from a
reference period data (called a challenge budget): 12% average improvement in productivity
over January data which has been shown to be attainable in February and March, 15%
increase in sales, no selling price increase, and 20% increase in resource costs. Given
these data, a challenge budget is generated and when compared against the reference period
actual data, Table 6.5.2 shows profitability will still increase by $7,804.80! The increase
in sales and the improvement in productivity was able to offset the increase in costs without
having to increase selling prices. These reports directly address the two information needs
regarding selling prices and responding to market changes. A number of challenge budgets
could be generated and evaluated to determine the most desirable target - Tables B.5.1 and
B.5.2 comprise an example.

Table 6.5.1: Challenge Budget Parameters

LIIPIPIIIPI P e

TVIMPIIIIPI IS REQLST BRUDGET L AP I It

K LI I TP 10:24:06 .
s Centre number : 1 s
; Reference period number : 1 s

Budaoet period number : 9 r

NN
Ay

i
woha,

Fercentage change in

AR N )

Froductivitv reqgquired : 12 s
Budgeted sales volume : 15 - s
Budgeted selling price Y ;
E Budgeted cost resource price i 20 ’

AT

Do vou want to change the specifications (Y/N)? N K

)
.

Fress Esc to CANCEL .

AAIAI A A ATALAIAIAIAIAIAIAIAIATIAL.
el v/ a/

S VU e e e e (o (e e /& G
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Table 6.5.2: Management Report for Challenge Budget

D6=-02-1990 10:25:43 Flastics Dent. FROFIT Fage# 1
Management Reoort
CENTRE - 1

January vs. Challenge EBEudaget

VALUES are in DOLLARS

' ! : EFFICT OF

| REFERENCE REVIEW | REALST !

' PERIMD PERIOD ! PROFIT ! PRODUCTIVITY | PRODUCT ! RESOURCE !PRICE RECOVERY

H VALLE VALLE ! VARIANCE | I VARIANCE | VOLLME !ACLOCATION! VARIANCE

1 A B! C = D + - B

d i D = E + F :
\TOTAL PRODUCTS H 933176.0  1073152.4 | \
i~ Labor ' 69778.0 89976.5 | 1.8~ 12,00 10317.2 £908.4 . 1408.8 16048, 3~
i~ Materials/Suools ! 540500.0  690618.1 ! 46041.1-1 12,00 82873.9 2.0 §2873.9 126915, 0~
- Energy ! 16319.0 20733.8 ¢ 13%6.9-1 12,00 2442.5 2.0 2442.5 3799.4-
{- Other Inputs ' 48576.0 59852.64 3990.2-1 12,00 7162.3 B743.7 1561.4- 111725~
i- Capital Expenses ! 21776.0 26831.1 ! 1788.7-1 12.00 3219.7 3919.7 699.9- 5008.5-
'GRAND TOTAL - Resources |  717149.0  883630.0 | 58908.7-! 12,00 106035.6 21571.7 B4443.9 164944, 3~
{GRAND TOTAL - Assets | 58630.1 Tt 667125 | 12,00 85.3 €3 77.1 66628,2
| AGEREBATE ' T75T79.1 884341, 1 | 7804.8 | 12,00 106120.9 2158¢,0 84540.9 983161

REALST's Cost Reports Provide Information Similar to Standard Cost Accounting

In this section, I present the similarities and distinctions between information
provided by REALST and Standard Cost Accounting. Standard Cost Accounting
information can be obtained from one of the optional reports REALST can generate, i.e.,
REALST Cost Reports, if the budget using standard costs and quantities are used for the
base or reference period. Table 6.6.1 is the summary Management Cost Report. This is
similar to a profit report except that instead of analyzing profitability, productivity and price
recovery, it only analyzes changes in costs as affected by changes in input and output

quantities (productivity) and input costs.
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Figure 6.4 shows the similarity and difference between Standard Cost Accounting
and REALST Cost Variance analysis. Consider Qg as the budgeted or standard resource
quantity; Qp as the actual resource quantity used; Qnp as the resource quantity that should
have been used had the planned productivity ratio been achieved or had resource
consumption changed in direct proportion to the change in the quantity of output produced;
Py as the budgeted or standard resource unit cost ; and, Pp as the actual resource unit cost.
The area representing QoPo is the budgeted/standard resource total cost; while the area
representing QnPn is the actual resource total cost. The difference between the budgeted
total cost and the actual total cost can be explained by the differences in three factors: the
product quantity, the resource quantity, and the resource unit cost. To siranify the
analysis, the product quantity is first held constant using actual quantity produced. Based
on the actual product quantity, the corresponding resource quantity is computed
maintaining the same product quantity/resource quantity ratio (productivity) as in the
budget. The resulting quantity is Qnp. For example, if the budget calls for a resource
quantity, Qo = 100 to produce 50 widgets and only 40 widgets were actually produced,
then Qnp = 80. The variance can now be explained based on changes in resource quantity
and resource cost. This variance is what is called the "Total Flexible Budget Variance" in
Standard Cost Accounting (Smith, Keith, and Stephens, 1986) or the REALST Product
Cost (refer to Table 6.6.1), represented by the shaded areas in Figure 5.4. Note that while
the components of the shaded areas are different, their total areas are equal. Hence, if
standard cost accounting analysis is done on the Company C Plastics Department, the total
flexible budget variance for each cost category will be equal to the REALST Product Cost
Column entries of Table 6.6.1. Note also that there is an unexplained difference between
the budgeted cost and the actual cost in both Figure 6.4 ({Qnp-Qo} x Po) and Table 6.6.1

(i.e., the difference between the values in the two periods is not equal to the REALST
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Product Cost Variance). This unexplained difference is due to the difference between

budgeted product quantity and the actual quantity produced. Table 5.7.1: Executive Report

- Cost Reconciliation portrays this difference as the contribution from change in product

volume.
Table 6.6.1: Management Report on Operating Costs
05-25-1990 15:53:26 Flastics Deot. cosT Fage# 1
. Management Report
i CENTRE - 1
N January vs. February -
VALUES are in DOLLARS T -
! ! i EFFECT OF
! REFERENCE REVIEW | REALST ! :
! PERIOD PERIOD |  PRODUCT ¢ PRODUCTIVITY | PRODUCT ! RESOURCE ! RESOURCE
H VALLE VALLE ! COST ! %  VARIANCE : VOLUME ALLOCATION! 3 PRICE;
: A B! C : D + ' 5 !
H ! D = E + F |
i~ Labor { 69778.0 941820 1 9B76.0~) 15.36  14467.5  13562.3 905.1 28.88 243434~
i- Materials/Suopls | 560500.0  T31465.0 | 54266.9-) 7.98  S8394.7 0.0  5B394.7 16.64 1126616~
1= Energy- ! 16519.0  156%0.0 ¢ 4268.3 ! 12,89  2022.4 0.0  2022.4 11,25 2245.9
i~ Other Inputs ! 485760 65789.0 ! 7099.3-1  1.67 10961  11526.0  10429.9-  13.96  8195.4-!
i- Capital Expenses I AT0 WT80 1 2886.2-1 TT 807.7  S166.9  &3/9.2-  13.96 36739
'GRAND TOTAL - Resources | 717149.0  936302.0 |  49840.0-1 B.20  74788.4  30255.3  44533.1 16,92 186626.4~;

172



N
Qnp / anp B \/
@ g Q@ /
4 %
Po Pn Po Pn
STANDARD COST ACCOUNTING REALST COST VARIANCE
i 4; Similari i nt ALST
: II . ! 1 .
1 : iliat X jvi X
05-25-1990 15:57:27 EXECUTIVE REFORT COSsT Fage# 1
Cost Reconciliation
January vs. February
VALUES are in DOLLARS
' ' ; CONTRIBUTION FROM
: REFERENCE REVIEW | CHANGE |
| PERIOD PERICD ! IN ! PRODUCT REALST
B cosT COsT ¢ CosT VOLLME  PRODUCT COST
; A B c = 6 + F

iPlastics Deot. H 717149.0 936302,0 ! 219155.0- 149313.0- 69840.0-
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Conclusion: An Analyst Can Draw Out and Portray All the Information
Needed by Company C Managers from REALST Reports

The preceding section shows that REALST reports contain all the processed data
needed to draw out information needed by Company C managers. I have also shown that
while REALST provides some data similar to Standard Cost Accounting data, the latter
does not provide all the data REALST provides. REALST by itself does not provide
information which I define as biased data - something a manager can use to make
decisions. An analyst will need to closely look at the reports, interpret the data, and
summarize the information including graphically portraying the most important
information, just like what I did in the preceding section. He will need to decide which
detailed reports to show and that decision will be based on how he interprets the data from
the summary REALST reports.

Since all the information needed by Company C managers could be obtained from
REALST reports, I did not see the need to try other versions. After all, only REALST and
LTV's versions compute challenge budgets - one of the needed information; and while the
LTV version computes challenge budgets, it does not provide the choice of the level of

detail in the reports like REALST does.
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Chapter 7; Center D Is Developing a TFPM Application to
Track and Analvze Performance, Evaluate Plans and Budgets.
nd Devel Basis for Gainsharing

Case Summary

This case uses a different approach from the three previous cases discussed.
Instead of starting with determining the information needs before developing the
appropriate TFPM application, the application was first developed and then the analysts
portrayed and presented all the information obtained from the application to Center D's top
management team. The top managers then prioritized what they considered the most
relevant information as the basis for making decisions and initiating action. The resulting
list of information needs will be compared against the common information needs of the
first three cases to check the internal validity of measuring information needs.

The information portrayed deals with the analysis of the past year's month by
month performance against the average monthly performance two years ago, an evaluation
of plans and budgets for the coming fiscal year, and the implications on gainsharing for the

planned performance.

Introduction

Center D is a non-profit university-based quality and productivity center with
performance measurement as one of its main research areas. Center D tries to practise what
it preaches and hence, it automatically becomes a research site for most of its areas of
research. This situation has facilitated the development of a TFPM application for Center
D.

Center D tried to develop a TFPM application about two to three years ago, but did
not have the necessary data. Fortunately, Center D's management support system which

focused mainly on financial and accounting information was also being developed. This
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turned out to be a pleasant surprise when we looked at the data currently available; they
were already in the form that could easily be processed to develop a TFPM application. |
believe that while the development of the management support system did not aim to
provide data for a TFPM application, the previous awareness of the lack of TFPM data may
have influenced the collection, retrieval, and storage of TFPM data. This also shows

n il ign Vi

Data Collection, Retrieval, Processing, and Reporting

Data collection, retrieval, processing, and reporting were done mainly by one of
Center D's more senior associates, with my assistance. The Finance and Administration
Director provided and verified the data used for the TFPM application. Having three of us
involved in the development of this TFPM application helped maintain data integrity.

Outputs were classified into projects/programs, products, and contributions from
associates and the department where Center D is affiliated. The quantity used for
projects/programs is the number of projects and programs for which there was activity
during the month. We assumed that activity leads to either a tangible or intangible output
bringing the project or program closer to final completion. The project/programs revenue is
the accrued service revenue found on the Monthly Income Statement. Dividing
project/programs revenue by the quantity yields the average price.

The products revenue is the accrued sales revenue found on the Monthly Income
Statement. An index similar to the Consumer Price Index is used fcr the product price. A
figure of 100 was assigned as the base year price index and indices for subsequent periods
are based on percentage price changes from the base period. The product quantity is

obtained by dividing the revenue by the price index. Hence, product quantity has no
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meaning in the absolute sense; it only has meaning in a relative sense, when compared with
a quantity in another period.

The third output category consists of contributions from associates in terms of
unpaid overtime and other revenues from the department where Center D is affiliated in
terms of salaries of some principal investigators and provision of facilities. This category
is not strictly an output but had to be included to offset the effects of overtime, salaries of
some principal investigators, and facilities costs which were all included as inputs to match
the Center's accounting reports.

Inputs were classified into labor; materials and facilities; computers, furniture, and
equipment; and travel. Total Labor Cost was obtained from the Monthly Income
Statement. Labor quantity was computed frém the Monthly Level of Effort Tracking
Sheets. Average labor cost was calculated by dividing the total cost by the quantity.
Materials and Facilities Total Cost was obtained by subtracting depreciation costs for
computers, furniture, and equipment from the total operating expenses. Materials and
Facilities average cost was obtained using the Producers Price Index for Paper and
Commercial Printing which represents the bulk of this input. Materials and Facilities
quantity was calculated by dividing the total cost by the average cost. Computers,
Furniture, and Equipment Depreciation Total Cost was obtained frcm the Monthly Budget
Detail Report. An assumed rate of return had the depreciation cost been invested in a
money market fund was used for the Computers, Furniture, and Equipment depreciation
average cost. The quantity for this input category was calculated by dividing the total cost
by the depreciation average cost. Total Travel Cost was obtained from the Monthly Detail
Budget Report. The Consumer Price Index for Airfare, Lodging Cut-of-Town, and Food
Out Cost was used for the average travel cost and the travel quartity was computed by

dividing the total cost by the average cost. Like the product quantity, the Materials and
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Facilities quantity, Computers, Furniture, and Equipment quantity, and the Travel quantity
have meaning only in relation to the corresponding numbers in other periods; they have no
meaning in absolute terms.

After collecting and verifying the data, parallel runs were made on SCORBORD
and REALST. Results of the two runs were compared and found to have no conflicts nor
significant differences except for the difference in dollar effects due to the inherent
difference in the formulas. SCORBORD uses base period costs while REALST uses
review period costs to compute the dollar effects of changes in productivity, price recovery,
and profitability. If dollar effects are used as indicators of the magnitude of the impact of
the changes rather than the absolute basis for say, how much gains o share, then it will not
matter whether SCORBORD or REALST dollar effects are used. If the dollar effects are
used as the absolute basis for other purposes such as determining how much gains to share
or for determining optimal production levels, the REALST dollar effects (using review
period costs) will be a better number to use as it represents the current value of money for
the review period. ‘

Monthly average data for fiscal year 88-89 were first used as base period against
monthly data for July, 1989 - April, 1990. Then, worst and best case monthly average
budgets for fiscal year 90-91 were run against fiscal year 88-89 and fiscal year 89-90

monthly averages. The results are presented in the next section.
Information Obtained

Past Performance
Figure 7.1 clearly shows that profit performance was driven by price recovery, not
productivity. Without doing a correlation analysis, and just by looking at the chart, it is

obvious that this was the case as the profitability line closely followed the price recovery
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line, almost unaffected by the productivity line. The question raised by Center D's
Business Development Director was why price recovery was so high in October 1989
while productivity just slightly increased when this month was the peak of activities and
deliverables for one of the major clients. We agreed this had to do with how the outputs
were counted. Since most of the activities were for just one rnajor client, they were
counted as only one unit of output quantity when it could have been equivalent to as much
as 20 small projects. This brought the need to further refine the definition of
project/program output quantity to say, use the concept of client engagements. This
concept though is still not well defined. The idea is to be able to break down
project/program outputs into sets of deliverables that have less variance in terms of levels of
activities and number of deliverables. Nevertheless, once the data are refined, the directors
confirmed that the infonﬁation portrayed in this figure would be valuable to them. The
Business Development Director further explained that the high price recovery in the later
months of 1989 was caused by a few high revenue-generating projects that could actually
be broken down and counted as smaller client engagements; while in the early months of
1990, the trend reversed as people scrambled on a number of smaller low to no revenue-
generating projects that increased productivity but decreased price recovery. Had the few
high-revenue generating projects been broken down and counted as smaller client
engagements, the productivity and price recovery lines may have switched trends

depending on the actual number of client engagements counted.
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CHANGE IN FY89-90 PRODUCTIVITY, PRICE RECOVERY, PROFITABILITY
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Figure 7.1: Profitability is Driven By Price Recovery

Figure 7.2 shows that labor profitability together with materials and facilities drive
overall profitability. The chart may look too crowded and confusing at first glance but a
careful look will show that total profitability follows labor and materials profitability.

Color coding the lines helped us see this information.
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Figure 7.3 shows that labor productivity continuously dragged down total
productivity. While other partial productivities fluctuated mostly over the total productivity
line, total productivity just stayed over the labor productivity line which mostly remained
low (below 1). The directors felt that this was mainly caused by the fact that in fiscal year
88-89, Center D employed less total manpower but with higher average base pay, while in
fiscal year 89-90, the total manpower was higher with lower average base pay. This
explanation is supported by Figure 7.4 which shows labor price recovery pulling up total
price recovery while in Figure 7.3, labor productivity dragged down total productivity.
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Figure 7.3: Labor Productivity Drives Total Productivity
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Note also in Figure 7.4 that the behavior of the price recovery trend lines was not as

erratic as the productivity trend lines in Figure 7.3. This could be attributed to more

consistent budgeting/costing/pricing guidelines as compared with the more frequent

changes in resource allocation and the diversity of the project and program resource

requirements.
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These charts

indicate how Center D performed in terms of profitability,

productivity, and price recovery. Discussions of these results with the directors of Center

D have focused on what caused th

ata to be such, how t

tter improve performance,
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and how to better improve the measures. After discussing past performance, plans and

budgets were also evaluated.

Evaluation of Plans and Budgets

The evaluation of plans and budgets was done by applying TFPM to the worst and
best case budgets for fiscal year 90-91 using actual data from fisczal years 88-89 and 89-90
as base periods. Table 7.1 shows the summary of results from the REALST evaluations of
the budgets.

Table 7.1 shows that Center D will have difficulty surviving in the worst case
scenario budget for fiscal year 90-91. Even in the best case scenario, Center D will just be
able to match the profitability performance in fiscal year 88-89, and improve profitability
compared to fiscal year 89-90 by 20% or $27,444. However, profitability change will be
driven by increasing price recovery thereby offsetting decreasing productivity. Because of
the productivity trend, Center D cannot justify additional resources, particularly for labor,
unless the strategy is really to hire more people with less base pay and less expected

average output in relation to those in the base period.
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Table 7.1: Summary of Results of REALST Evaluation Runs for Monthly Average
Budgets Vs, Past Performance

Budget Period
FY 90-91 Worst Case EY 90-91 Best Case
B|EY |+ Total-Factor Productivity will decrease | » Total-Factor Productivity will decrease
a|88- | by 57% or ($63,579). Productivity of| by 41% or ($55,858) driven by labor
s |89 all resources will decrease with labor| productivity decreasing by 40% or
e productivity decreasing by 60% or| ($29,327) and materials and facilities
($40,139) and materials and facilities| productivity decreasing by 54% or
productivity decreasing by 61% or| ($25,804).
($20, 806). - » Total price recovery will increase by
* Total price recovery will increase by| 67% or $54,499 mainly due to labor
69% or $32,326 mainly due to labor| price recovery increasing by 98% or
price recovery increasing by 95% or| $42,959.
$25,643. * Minimal change in total profitability.
*» Total profitability will decrease by
28% or (3$31,253).
P|EY |- Total-Factor Productivity will decrease | » Total-Factor Productivity will decrease
e[89- | by 32% or ($36,609) driven by labor| by 10% or ($36.609) driven by travel
r{9Q productivity decreasing by 32% or| productivity decreasing by 27% or
i ($21,857) and materials and facilities| ($3,458) and materials and facilities
o productivity decreasing by 30% or| productivity decreasing by 20% or
d ($10,388). ($9,680).
» Total price recovery will increase by [+ Total price recovery will increase by
32% or $24,920 mainly due to labor| 34% or $42,145 mainly due to labor
price recovery increasing by 36% or| price recovery increasing by 38% or
$16,244. $27,356.
+ Total profitability will decrease by |+ Total profitability will increase by 20%
10% or ($16,688). or $27,444.
Gainsharing Implications

Gainsharing best case is 7.4% ($5,201 net income, $33,753 participating payroll,
50% sharing ratio). Bonuses, however, will be earned through price recovery, not
productivity. To attain 10% gainsharing, net income will have to be $6,750. For
gainsharing to be earned through productivity, the dollar effects from changes in

productivity, particularly from labor productivity, must be at least $6,750. Given the best
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and worst case budgets, this seems to be very difficult to attain for Center D. Some

strategic shifts in allocation of resources need to be made to attain such a productivity gain.

Conclusions and Lessons Learned
At the end of our meeting, the directors of Center D agreed that the information that
would be useful for them from the TFPM reports were: (1) tracking and analyzing what
drives performance, (2) evaluating plans and budgets, (3) cdeveloping a basis for
gainsharing, and (4) having an overall performance measure that relates financial measures
(profitability) to countable outputs and inputs (productivity) and changes in prices and costs
(price recovery). The first two were deemed most important as the directors felt they could
really use the information immediately; while the last two were less important. Developing
a basis for gainsharing is not a must but a desired outcome for the future and the fourth
information need was subordinated to the first one. These prioritized information needs
will be further discussed and compared with information needs of other case studies in the

next chapter.

When the results of the TFPM runs were first presented to the directors of Center
D, a summary sheet of the most relevant data was used as a cover sheet for the detailed
reports and figures. The directors commented that what were presented to them were still
What th nsi information w he meaning and interpretation they perceived
rom th n r them. the information consi f the explanations in their
operational terms (i.e.. the users' day-to-day language) on why the numbers turned out to
be what they were (what caused them to be such) and this gives them an idea about what
could be done to attain the desired changes. This implies that to interpret the meaning of
the TFPM processed data, the analysts and managers who intimately know the operations
f the organization hav work ¢l her w information from TFPM and

state them in operational terms,
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This case study also shows evidence that a good accounting/financial information
system should provide the necessary TFPM data. Center D's accounting/financial
information system was not necessarily designed to provide TFPM data but we were able
to retrieve the necessary data with minimal additional data processing. Center D's Finance
and Administration Director further commented that TFPM reinforces the
accounting/financial information system by helping give meaning to the numbers presented
in the reports. This does not mean that the application was a "perfect” TFPM application as
developed. As discussed earlier, the directors agreed there was a need to further refine the
definition of outputs in terms of client engagements. This refinement will not only help in

developing better measures but also in planning resource allocations, budgeting, and

scheduling.
Finally, this case study has convinced me that the alternative approach to

developing TFPM applications I used in this case study could prove to be more effective, |
had difficulty identifying the information needs from interactions with managers in the
xplicitly verbalize inforrnation needs. I had to

continuously probe into their concerns, issues, and or problems to identify information
needs. Then. I had to write down these needs and have managers verify the accuracy of
my perception of their needs. In fact, Center D has also made attempts at identifying
information needs before designing a more general measurement system, and has faltered
in the development and implementation phases, In this case, I found it more effective to
he TFPM lication fir resent all the information obtained from the
application. and ask the managers which information are most useful to them. It has helped
them look at accounting data and relate them to their operational performance. Particularly,
ions where the man n ite familiar with TFPM or even accounting and

nancial data. thi b would be effective in inroducing TFPM. It could
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Chapter 8: Data Processing and the Results of the Research

In this chapter, I compiled the user information needs from the four cases in the
previous chapters and compared them with the results of two previous surveys to determine
the common information needs the teaching TFPM model should address. Before
developing the teaching TFPM model, I reviewed and evaluated how the available TFPM
versions addressed the information needs in each of the cases 1o decide what features
should be included in the teaching TFPM model and what features need to be designed.
This is my way of proposing resolutions to the methodological issues and differences of
the available TFPM versions. Then I developed the teaching TFPM model and evaluated it
using the same procedure for evaluating the appropriateness of the available versions to the
cases. I also compared the teaching model with prescriptions from related literature on

what TEPM should do.

Common User Information Needs

Table 8.1 summarizes the information needs collected from the four cases discussed
in the previous chapters. The managers were asked to assign weights to the information
needs they identified on a scale of 1-100 according to their importance in decision making.
I summed up the weights and those with the highest weights were selected as the common
information needs. Actually, without looking at the weights, it was quite obvious that there
were four common information needs. I did the computations as planned to determine the
magnitude of differences in the average weights. The differences in magnitude were
minimal for the common information needs but highly significant if we compare the
percentages of the common against the information needs specific to two cases (21%-25%

vs.2% and 6%). The common information needs are:
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1. Use for Planning - to be able to use TFPM reports to evaluate plans and budgets against

past performance, responding to fluctuations in the environment, evaluating and

maximizing resource allocation options, and generating challenge budgets.
2. Measurement and evaluation of past performance to assess the overall impact of

improvement efforts and relate physical measures to profitability.

3. Measurement of units within a firm and aggregating those measures to the firm level

measures to ascertain the units' contribution to firm performance.
4. Measurement and relationship of partial factors to total-factor productivity, price

recovery and profitability to determine which factors drive overall performance.

Table 8.1: y of Weighted Inf i he Case Studies

Info Needs/ Plant A Division B Company C Center D Total %
Relative »
Importance
Measure «impact of *Physical/ *Physical/ «Physical/
Overall Past Improvement | Financial Financial Financial
Performance | Efforts Measures Measures Measures

100 50 100 50 300 24
Measure wWIP *Roll up of
Departments/ Plant
wWIP Measures

88 100 80 268 21
Partial «Labor vs. sLabor *What Drives
Measures Material Cost Contribution | Performance

82 80 100 262 21
Use for « Maximize « Challenge *Pricing/ « Evaluating
Planning Resource Budgets Fluctuations | Plans/

Allocation in Market Budgets

38 100 80 100 318 25
Analysis by 26 26 2
Product

[75 [ 751 &

[ Gainsharing

I

1249
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The two other information needs identified could actually be addressed by
providing the related common information. Analysis by product could be treated as a
special case of measuring units within a firm and aggregating these measures into the plant
level measure. A product line could be considered as an organizational unit. Gainsharing
information could be obtained from the measure of overall past performance as related to
the partial measures.

Other organizational concerns identified were integration of TFPM with existing
systems particularly regarding the availability of data, allocation of indirect and overhead
coéts, Activity-Based Cost Accounting, and Standard Cost Accounting. While these are
not information needs, they are concerns that have to be addressed in developing a TFPM
application. These concerns were addressed in the case studies and will again be discussed
in the development of the teaching TFPM model.

I compared the four common information needs with the results of two related
surveys. The first survey was done by the American Productivity (and Quality) Center and
UCCEL Corporation (APC, 1985) on those firms who have sent representatives to
APQC's productivity measurement seminars. QOut of 183 respondents, 38% use TFPM.
Figure 8.1 shows the reasons cited by the respondents for using TFPM. Another more
recent survey (Steedle, 1988) of 1000 U.S. controllers cited basically the same reasons for
using TFPM as the first survey. While the populations for these two surveys may have
been different, they can both be subsets of the bigger population of TFPM users or
possible users.

The reasons with the highest frequencies in the first survey, strategic planning of
options, validity of budgets or forecasts, screening report of current performance, and
diagnosis of past performance all correspond with three of the four common information

needs identified from the case studies. Only the need for measures of performance of units
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within a firm and aggregating those measures to firm level measures was not cited in both
the APQC/UCCEL and Steedle surveys. This was also the only information need not
identified in all the four case studies. John Parsons, Director for Economics and Finance
of the National Productivity Institute of South Africa, who has been teaching and
developing REALST applications worldwide, warns against developing TFPM applications
for multiple organizational units until users have become quite familiar with the concepts
and implementation of TFPM. Given all these considerations, initial TFPM applications
should, therefore, not be developed with multiple units of analysis aggregated to the firm
level measure until users have become quite familiar with TFPM concepts and
implementation. But while a first-time user should not develop a TFPM application with
multiple organizational units, he should be able to modify/upgrade his application later with

multiple units aggregated to the firm level, using the teaching TFPM model.

Others

Acquisition Analysis

Strategic Planning of Options

Validity of Budget or Forecast

Screening Current Performance

Diagnosis of Past Performance

Reasons for Using TFPM
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Figure 8.1: APOC/UCCEL Survey Results on Reasons for Using TFPM
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Evaluation of Available Versions as Applied to the Case Studies

This section presents my evaluation of the available versicns as applied to the case
studies to determine what features should be incorporated into the teaching TFPM model
and what features need to be designed, if any.

As explained in Chapter 2, the main evaluation criteria will be the identified
information needs for each case. The criteria will be addressed by the features of the
versions being evaluated and the organizational conditions affecting the criteria. For
example, the first information need identified in Chapter 4 - Plant A Case Study was the
need to assess the impact of improvement efforts on overall performance, particularly on
profitability. The first set of TFPM features addresses this need but as discussed in
Chapter 3, different models and versions provide different data. The Productivity Indices
Model portrays only productivity indices while the PPPR Model also relates productivity to
profitability using price recovery and provides dollar effects of performance changes.
Hence, the criterion "assessing impact on overall performance” could be addressed by two
attributes: "performance indices portrayal” and "dollar effects portrayal." Figure 8.2 shows
the transformation curve on how a TFPM version/application is rated on the attribute
"dollar effects portrayal." If dollar effects are not portrayed, the version/application
receives a rating of zero for this attribute; 5 for portraying only the dollar effects, 8.5 for
reconciling (relative) dollar effects with changes in (absolute) profits, and 10 for analyzing

and reconciling the (relative) dollar effects to changes in (absolute) costs.
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Figure 8.2: Portrayal of Dollar Effects Transformaticn Curve

Other attributes may not be how a feature provides for the information need but
how the TFPM application is developed for the case conditions. For example, period
length is not dependent on any TFPM model or version feature but dictated by
organizational needs and/or conditions. For the case in Chapter 4, there will be too much
variation in operations if the period length used is just one month. The best period length
agreed upon by the analysts and managers is one quarter for period performance to be
comparable with each other. This condition is portrayed in the transformation curve shown

in Figure 8.3.
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Figure 8.3: Portrayal of Dollar Effects Transformation Curve

Since some attributes are dependent on a particular case, their transformation curves
may vary from case to case. However, attributes that are dependent on how features of
TFPM versions respond to common information needs will have the same transformation
curves across all cases.

Criteria and attributes are all weighted and a weighted average rating could be
obtained for each TFPM version/application. This is how the PRFORM software was used
in this research to obtain an evaluation rating for each TFPM version/application for each of
the case studies. Table 8.2 shows the evaluations of SCORBORD and REALST
applications to the case in Chapter 4. The first five criteria and their weights were taken
from the information needs identified by the users. I added two other criteria (unused
data/features and software supported) to further evaluate each version. Some versions have
features or report data that are not used in the application. These features or extra data,

aside from not adding value to the application, may confuse first-time users. Hence, the
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more unused data or features a version has, the lower its rating. Table 8.2 shows the

SCORBORD application for Plant A obtained an average rating of 8.5 while the REALST

application averaged 9.5 on a scale from O to 10.

Table 8.2: P valuati Applications to Plant A

Memory: 342K °SCORBORD 8.5°REALST 9.5
A848848884888848884584488485084448846444448584448545054458484846584854585848a44448044544484848
Description ° Weight® Raw ° Adjust ° Raw ° Adjust
Q888458884 584848885845888848568545848564855858488485588465845858458456450588584854585484864a58448444
Performance Measure ° 20 ° ° 7.5 ° °10.0
Performance Indices ° 50 ° 2.00 ° 10.0 ° 2.00 ° 10.0
$ Effects Portrayal ° 50 ° 1.00 =° 5.0 ° 3.00 ° 10.0
Measure Dep’ts./WIP ° 18 ° ° 6.5 ° ° 9.2
Aggregation ° 54 ° 1.00 ° 5.0 ° 2.00 ° 10.0
Level of Detail ° 46 ° ° 8.4 ° ° 8.4
Input/Output Matching®° 36° 2.00° 10.0° 2.00° 10.0
Base Period Choice ° 33° 1.00° 5.0° 1.00° 5.0
Period Length ° 31° 3.00° 10.0° 3.00° 10.0
Partial Measures ° 17 ° °10.0 ° °10.0
Level of Detail ° 50 ° 2.00 ° 10.0 ~° 2.00 ° 10.0
Treatment of Capital ° 50 ° ° 10.0 =° ° 10.0
Include-Capital Input® 50° 1.00° 10.0° 1.00° 10.0
No capifal Input ° 50° 0.00° 10.0° 0.00° 10.0
Use for Planning ° 15 ° 1.00 °10.0 ° 1.00 °10.0
Analysis by Product ° 10 ° 1.00 °10.0 ° 1.00 °10.0
Unused Data/Features ° 10 ° 2.00 ° 6.7 ° 2.00 ° 6.7
Software Supported ° 10 ° 1.00 °10.0 ° 1.00 °10.0
o -] o -] o
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Only those versions which I considered the two most appropriate ones based on the
information requirements were evaluated for each case. There was no need to try all the
versions for each case as it was apparent that some would not be able to provide the
information required. The PRFORM evaluations and the transformation curves used to
cvaluate each of the versions applied to each of the cases are shown in the Chapter

Appendix. Table 8.3 summarizes the results of those evaluations.

Table 8.3: Summary of PREORM Evaluations of Each of the Versions Applied to Each of
the Cases

Versions Plant A Division B Company €  Center D
REALST 9.5 9.4 9.2 8.8
SCORBORD 8.5 8.5
Craig & Harris 5.0

LTV 7.6

It is obvious from Table 8.3 that REALST is the most flexible version as it has
outscored all the other versions. This is because it has more features than other versions
and can, therefore, provide most of the information needed in each of the cases. The task
of developing the teaching TFPM model then becomes simplifying REALST to make it
easier to understand, incorporating other features from other versions that best address
common information needs, and proposing report and portrayal formats to facilitate

information portrayal.

Teaching TFPM Model Development

In order to simplify REALST, I looked at its features that were not used in the case
studies especially those that did not address any of the common information needs.

The REALST feature that takes some attention away from the basic analysis of

profitability using productivity and price recovery is the concept of resource variability.
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This concept enables REALST to allocate the effects of productivity changes into capacity
utilization of fixed resources and efficiency of using variable resources as discussed in
Chapter 3. While this concept may be a powerful analytical tool, its validity depends on the
accuracy of the estimate of how variable or fixed a particular resource is. The other
REALST feature that does not address any common information need is the way REALST
especially treats capital input in terms of return on investment. These features further
complicate matters particularly for first-time users. I believe these are advanced features for
more advanced users. Hence, these two REALST features will not be included in the
teaching TFPM model.

Table 8.4 is the spreadsheet portrayal of the teaching TFPM model I déveloped.
Columns A through G are fairly standard PPPR Model columns following the relationship
V = Q x P for both the base and review periods. The change ratios (Columns H, I, and J)
are also standard PPPR Model columns with some slight variations. The individual output
or input rows are obtained by simply dividing review period value, quantity, or price by
their corresponding data in the base period. The variations deal with how average changes
in quantity and price are computed for all outputs and all inputs. Most PPPR Model
versions use base period price-weighted (Laspeyres) average quantity change ratio and
review period quantity-weighted (Paasche) average price change ratio for both outputs and
inputs. The latest REALST version (3.0) follows the same convention for outputs but uses
review period price-weighted (Paasche) quantity change average ratio and base period
quantity-weighted (Laspeyres) average price change ratio for inputs. This is done to avoid
the possibility of having conflicting signals from performance change ratios and the dollar
effects of the performance changes. I shall show an example of this issue later in this

chapter and also show the mathematical derivations in the Appendix.
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Columns K, L, and M are performance indices portrayed in the APQC and VPC
versions. The Productivity Indices Model shows only column L as it is not concerned with
portraying profitability or price recovery. Gollop's version and REALST also portray only
the productivity indices while Miller does not show any indices although all three portray
the dollar effects of profitability, productivity, and price recovery changes. The indices are
simply obtained by dividing the average change ratios of the output value, quantity, and
price by each corresponding input change ratio including the average input change ratio for
all inputs.

Columns N, O, and P have not been portrayed in any previous versions. I decided
to portray these columns to facilitate understanding of the meaning of Columns Q, R, and
S, and reconcile the change in absolute profits from the base period to the review period
with the dollar effects of the performance changes. Columns N, C, and P represent what
should have been the values or total costs, quantities, and unit costs of the inputs had they
changed in direct proportion to the change in overall average revenues, quantities, and
prices of outputs, respectively. This is similar to the concept of a flexible budget in
standard cost accounting. The only difference is that standard cost accounting uses
standard unit costs (as in base period unit costs) instead of projecting what the unit costs
should be in direct proportion to the average change in output price. For example, total
average quantity of output increased by 13%; therefore, input quantities are also expected to
increase by 13% of their quantities in the base period. The implied assumption is that
productivity remains constant from the base period to the review period. The same
assumption is made for price recovery. Therefore, the change in profit from the base
period to this hypothetical period (which is $37.86 for the example in Table 8.4) represents

the change in profit due to the change in operating level or production volume.
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Table 8.4: The Teaching TFPM Model in Spreadsheet Format

Base Period Data Review Period Data Change Ratios
A f B c D E F G HeEB | I=F/C | J=GD
Vo ($) Qo Po ($) Vn ($) Qn Pn_($) AV AQ AP
Outputi 1,000 200] s.00| 1,000 250 4.00 1.000] 1.250] 0.800
Output2 | 2,200 200| 11.00 p,805.75 215| 13.05 1.275] 1.075] 1.186
Total 3,200 3,805.75 1.189  1.130 1.05277
Labor 800 go| 10.00] 960.00 go| 12.00 1200] 1.000] 1.200
Mat'ls 320 80| 4.00] 400.00 100 4.00 1.250] 1.250| 1.000
Energy 60] 1200] 0.05| es.00] 1300 0.05 1.083| 1.083] 1.000
Capital 1,820 soo| 364| 1,820 500 364| 1.000] 1.000] 1.000
Total 3,000 3,245 1.082 1.027 1.053
Profit 200 560.75 360.75
Performance Indices Constant Performance Data Doliar Effects of Changes
K L M N o) P Q R S
=SHoMi | =Slo/li | =SJoii| =0'P | =C'Slo | =D*SJo | =R+S | = (0-F)G | =O(PG)
AProf AProd APR S$Vnpr Qnp Pnr ($) APrcof AProd APR
Labor 0991 | 1.130| 0.877] 951.44| 9038| 1053| -856| 12450 -133.06
Mat'ls 0.951 | 0.904| 1.053| 3s0.58| 90.38 421 | -19.42| -38s0| 19.08
Energy 1.008 | 1.043| 1.053] 71.36 },355.63 005| 6.36 2.78 3.58
Capital 1.189 | 1.130| 1.053 |2,164.52| 564.84 3.83 | 34452 | 236.03| 108.49
Total 1100  1.100 0.99946 3,567.89 322.89  324.81 -1.92
Profit 237.86 37.8594

Change in Profit From Base Period to Review Period Due to Changes in 360,75

i

in
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The variances between the corresponding data of this "flexible budget” (Columns
N, O, and P) and the actual data for the review period represent the changes in performance
and are used in computing the dollar effects shown in Columns Q, R, and S. Column R:
the dollar effects due to changes in productivity, is the differerice between what input
quantity should have been used had productivity remained constant (Column O) and the
actual quantity used (Column F), multiplied by the actual unit cost of that input during the
review period (Column G). The APQC, VPC, and Gollop's versions of TFPM use the
base period unit costs to compute the dollar effects of productivity changes while REALST
uses the current or rev.iew period unit costs. Since users nced to know what the
performance changes are costing them now and not what it would have cost them in the

riod, | he current peri ni

The dollar effects of price recovery changes are computed by multiplying the
difference between what the unit costs should have been had price recovery remained
constant from the base period to the review period (Column P), and the actual unit cost in
the review period (Column G), by the input quantity that should have been used had
productivity remained constant (Column O).

Column Q: the dollar effects of changes in profitability is the sum of the dollar
effects of changes in productivity (Column R) and changes in price recovery (Column S).
The total of the dollar effects of changes in profitability over all the factors represent the
total dollar effects of all changes, which is also the difference in profits of the flexible
budget and the actual profit of the review period. The sum of the total dollar effects of all
changes, and the difference between profits of the flexible budget and the profit from the
base period equal the difference in profits of the review period and the base period. Using

the data in Table 8.4,
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Change in profit from the base to the flexible budget = 237.86 - 200 = $37.86

+ Total dollar eff; f changes in performan. = $322.

= Change in profits from the base period to the

review period = 560.75 - 200 = $360.75

This report format makes it easier for first-time users to understand that the dollar
effects of changes in performance do not fully explain the difference between profits in the
base and the review periods. This was a question I asked when I first came across TFPM
and this is a question I always hear from first-time users. REALST and Gollop’s versions
both portray these data but not as succinctly as they are portrayed in the teaching TFPM
model spreadsheet.

The next point I'll discuss is how indices and dollar effects may be portrayed in
graphic form to facilitate interpretation of the results. Since indices represent relative
change, trend charts would most appropriately portray them. This is especially powerful
when several periods are charted as in Chapter 7. Sometimes, the relationships between
profitability, productivity and price recovery, and/or between the partial-factor indices and
the total-factor indices are so clear, the reader will see what is really driving profitability
without any formal correlation analysis. For dollar effects, I recommend using bar charts.
They portray magnitudes and signs (+ or -) of the dollar effects and even what REALST’s
Strategic Grids portray, i.e., where profitability changes come from: productivity or price
recovery changes. They also show the contributions of partial factors to total-factor

profitability, productivity, and price recovery.
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Figure 8.5: Bar Charts Show Dollar Effects of Changes in Profitability, Productivity, and
Price Recovery for Partial and Total-Factors

Before evaluating the teaching TFPM model, Id like to first explain why I decided
to use REALST’s combination of Laspeyres and Paasche ratios. As mentioned earlier,
most PPPR Model versions use base period price-weighted (Laspeyres) average quantity
change ratio and review period quantity-weighted (Paasche) average price change ratio for
both outputs and inputs. The latest REALST version (3.0) follows the same convention
for outputs but uses review period price-weighted (Paasche) quantity change average ratio
and base period quantity-weighted (Laspeyres) average price change ratio for inputs. This
is done to avoid the possibility of getting conflicting signals frorn performance change
ratios and the dollar effects of the performance changes. Table 8.5 uses exactly the same
data as in Table 8.4 but the change ratios are obtained by the usual combination of

Laspeyres and Paasche ratios as in APQC's or VPC's versions. Table 8.5 shows how the
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total-factor price recovery index (1.001) could show an increase in price recovery but have

negative dollar effects (-1.92) if the usual combination of Laspeyres and Paasche change

ratios are used! This is caused by the joint or interactive effects of changes in productivity

and price recovery of the partial factors.

Iable 8.5: REALST and the Teaching TFPM Model Avoid the Mixed Signals Problem
Base Period Data Review Period Data Change Ratios
A B C D E F G H=EB l=F/C J=G/D
Vo ($) Qo Po ($) Vn ($) Qn Pn_($) AV AQ AP
Output1 | 1,000.00 200 5.00{ 1,000.00 25 4.00 1.000 1.250] 0.800
Output?2 2,200.0& 200  11.00{ 2,805.7 21 13.08  1.275 1.07. 1.186
Total 3,200.00 3,805.75 1.189 1.130 1.05277
Labor 800.00% g 10.000 960.00 80 12.000  1.200 1.00 1.200)
Mat'ls 320.0 84 4.000 400.00 100 4.00 1.25 1.2508 1.000
Energy 60.00§ 12008 0.0 65.00 13004 0.0§ 1.083 1.083 1.000
Capital 1,820.00) 500 3.64 1,820.00 50 3.64 1.000 1.000 1.00
Total 3,000.00 3,245.00 1.082 1.028 1.05186
Profit 200.00 560.75 360.75
Performance Indices Constant Performance Data Dollar Effects of Changes
K=3HoMii L=Flo/li {M=FJoMi} N=O*P {O=C*Ylof P=D*YJo { Q=R+S { R=(0O-F)G {S=O(P-G)
AProf AProd APR Vnpr ($) Qnp Pnr ($) AProf($)AProd($) APR($)
Labor 0.999 1.130  0.877] 951. 90.38 10.53  -8.59 124.50¢ -133.06
Mat'is 0.951 0.904 1.053 380.58] 90.39 4.21] -19.42 -38.50 19.08
Energy 1.09 1.043 1.053  71.36{ 1,355.63 0.08 6.36 2.78 3.58
Capital 1.18 1.130) 1.0531 2,164.5 564.84| 3.83 3445 236.03 108.4
Total 1.100  1.099 1.001 3,567.89 322.89  324.81 -1.92
Profit 237.86 37.859%4
Change in Profit From Base Period to Review Period Due to Changes in 360,75
Jul han i ratin r Pr I
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Evaluation of Teaching TFPM Model

I evaluated the teaching TFPM Model in two ways. First, I used the same
procedure for evaluating the TFPM applications to the case studies. I extended the
PRFORM evaluations to include the teaching TFPM Model as one of the versions.
Secondly, I compared the features and data provided by the teaching TFPM model against

related literature.

PRFORM Evaluations of the Teaching Model as Applied to the Case Studies
Table 8.6 is the same as Table 8.3 except that the teaching TFPM model was added
to the versions evaluated. The detailed evaluation results are shown in the Chapter
Appendix.
REALST scored higher than the teaching TFPM model because of the criteria,

"software supported.” Otherwise, the teaching model would have scored as high if not

higher than REALST. Therefore, as far as applications to the cases are concerned. the

teaching TFPM model can match if not do better than REALST or any other TFPM

version

Iab&&ﬁ_&x_a&o_&EO_E_a_uan_u_o_au_mc_mmRM val f Each of ns Applied to Each of
the Cases Including the Teaching TFPM Mode],

Versions Plant A Division B Company © Center D

REALST 9.5 9.4 9.2 8.8

SCORBORD 8.5 8.5

Cralg & Harris 5.0

LTV 7.6

Teaching Model 9.4 9.2 9.0 8.6
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Comparison of the Teaching Model Features Against Related Literature
I shall compare the features and data provided by the teaching TFPM model against
what developers of other TFPM models have prescribed as characteristics of sound
productivity measurement. First, Visser and Loggerenberg (1986) have listed the

following characteristics:
» provide simple and unambiguous signals to improve profit

» break down change in profit into the underlying contributions from each resource
used in production

» break down the contribution to profit change from each resource into a productivity
term and a price recovery term to isolate the effect of disparate change in product
price vis-a-vis resource price

» break down the productivity term into a capacity utilization and an efficiency term

* use the price recovery term to evaluate whether productivity loss or productivity
gain for a given resource is appropriate

« transform the above measures for change in profit into corresponding measures for
change in profitability, change in cost per unit of output, and change in
performance index numbers

» provide consistent signals for profit improvement regardless of the units in which
the measure is expressed
Except for breaking down productivity into capacity utilization and efficiency, and
measuring change in cost per unit of output, the teaching TFPM model has all these
characteristics. As explained earlier, I believe the breakdown of productivity into capacity
utilization and efficiency should be an advanced feature for advanced users so it does not
cloud the analysis of profitability into productivity and price recovery; while change in cost

per unit of output is usually provided by accounting systems.
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The American Productivity and Quality Center (APQC, 1989) in their workshop
entitled, "How To Measure Productivity in Your Organization," discusses the following

characteristics of a good Total Productivity Measurement System:
» provide productivity trends
* express productivity ratios in dollar terms with care to adjust for inflation
+ different items do not inflate at the same rate, thus separate adjustment is required

» complex dollar-based productivity ratios are best used for diagnosis and long-range
planning purposes at higher levels of the organization

» there is a middle ground screening and reporting motive with still different
characteristics

« use of total productivity for long-range planning emphasizes the distinction between
productivity and profitability

» the core productive process is expressed in physical quantities of controllable inputs
and outputs (productivity)

« financial analysis is expressed in dollar values of revenue and expense (profitability)

* price recovery puts prices on quantities or removes price effects from values

The teaching TFPM model conforms with all these characteristics of a good total
productivity measurement system.

Miller (1988) suggests that understanding and explaining the basic processes of
productivity measurement should be one of the major thrusts of productivity measurement
research. ] believe my research and its output - teaching TFPM moclel - is right in line with
what Miller suggests and that the teaching model will in fact help in the understanding of

the basic processes in Total-Factor Productivity Measurement, I have not come across any
literature that prescribed anything contrary to what the teaching TFPM model does.

207



Chapter Appendix
This Chapter Appendix presents all the details of the PRFORM evaluations.

PRFORM Evaluations

Table 8.7 presents the weighted information needs of the first case study on Plant A
as the evaluation criteria. Each criterion is addressed by attributes and sub-attributes which
are either TFPM version features or organizational requirements that need to be fulfilled by
the TFPM application. The first criterion is to provide an overall rneasure of performance
to show the impact of all improvement efforts. This criterion is addressed by TFPM
features providing performance indices and dollar effects of the changes in performance.
How well the features provide the information needed is discussed in the next section on
transformation curves.

The second criterion/information need is to provide measures for units within the
firm and ascertaining their contributions to overall firm performance, as well as the effects
of work-in-progress (WIP). This information need can be addressed by the TFPM
capability for aggregating measures of units within a firm to the firm level measures. Some
organizational conditions that affect an application’s appropriateness deal with the level of
detail in matching outputs with the corresponding inputs which are affected by WIP, the
period length, and the choice of the base period. This issue was discussed in detail in
Chapter 4.

The third information need is to provide partial measures which are addressed by
the level of detail in measuring inputs and outputs and the treatment of capital. By level of
detail in outputs and inputs, I mean the number of levels inputs and cutputs are aggregated.
For example, if inputs are classified and aggregated as labor, materials, energy, and capital,

there is only one level of detail. A second level is added if say, labor is broken down into
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management, direct, and indirect labor. Treatment of capital is subdivided into two
attributes, inclusion of capital input and if capital is not included, the attribute asks the
question, were there any changes in capital resources between the base and review periods?
This will be made clearer in the explanation of the corresponding transformation curve.

The fourth information need is use for planning. The basic question here is, to
what extent can the TFPM version being evaluated be used for planning purposes? The
fifth information need deals with analysis of performance by product or product lines. The
question here is, can the TFPM version be used to analyze performance by product? The
sixth criterion deals with the number of features or data generated by the version that is not
used in the application to address information needs. Finally, the last criterion deals mainly
with the availability of software support for the TFPM version.

The number to the right of the TFPM version is the weighted average score. Raw
scores are adjusted using the transformation curves which will be discussed later in this

Chapter Appendix.

Table 8.7: PRFORM Evaluation of the TFPM Versions/Applications for Plant A

Memory: 342K °SCORBCRD 8.5°REALST 9.5°Teaching Model 9.4
'aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaaaaaaaaaaeaaaaaaaaaaaaoaaaaaaa aeaaaaaaaaaaaaoaaaaaaaa
Description ° Weighte Raw ° Adjust ° Raw ° Adjust ° ° Adjust
aaaaaaaaaaaaaaaaaaaaaaaaaaeaaaaaaaeaaaaaaaaaaaaéaaaaaaaaeéaaaaaaaaaaaeaaaaaaaaeaaaaaaaaaaaaeaaaaaaaa
Performance Measure ° 20 ° ° 7.5 ° °10.0 °10.0
Performance Indices ° 50 ° 2.00 ° 10.0 =° 2.00 ° 10.0 ° 2.00 ° 10.0
$ Effects Portrayal ° 50 ~° 1.00 ° 5.0 ° 3.00 ° 10.0 ° 3.00 ° 10.0
Measure Dep’ts./WIP ° 18 ° ° 6.5 ° ° 9,2 ° °© 9.2
Aggregation . ° 54 1.00 =° 5.0 ° 2.00 ° 10.0 ° 2.00 ° 10.0
Level of Detail 46 ° ° 8.4 ° ° 8.4 ° ° 8.4
Input/Qutput Hatchinq' 36° 2.00° 10.0° 2.00° 10.0° 2.00° 10.0
Base Period Choice ° 33° 1.00° 5.0° 1.00° 5.0° 1.00° 5.0
Period Length ° J1° 3.00° 10.0° 3.00° 10.0° 3.00° 10.0
Partial Measures ° 17 * °10.0 ° °10.0 ° °10.0
Level of Detail ° 50 ° 2.00 ° 10.0 ° 2.00 ° 10.0 ° 2.00 -~ 10.0
Treatment of Capital ° 50 ° ° 10.0 =° ° 10.0 ° ° 10.0
Include Capital Inpute® 50° 1.00° 10.0° 1.00° 10.93° 1.00° 10.0
No Capital Input ° 50° 0.00° 10.0° 0.00° 10.2° 0.00° 10.0
Use for Planning ° 15 ° 1.00 °10.0 ° 1.00 °10.0 ° 1.00 °10.0
Analysis by Product ° 10 ° 1.00 °10.0 ° 1.00 °10.0 ° 1.00 °10.0
Unused Data/Features ° 10 ° 2.00 ° 6.7 ° 2.00 ° 6.7 ° 0.00 °10.0
Software Supported ° 10 e 1.00 °10.0 ° 1.00 °10.0 ° 0.00 ° 5.0
° o ° B o o o
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Table 8.8 is the PRFORM Evaluation for Division B TFPM version/applications.
Except for the change in the weights of the criteria which is determined by the users and the
addition of the sub-attribute dealing with how indirect costs are allocated, the attributes in

each criterion are the same as in Table 8.7.

Table 8.8: PREORM Evaluation of the TEPM Versions/Applications for Division B

Memory: 342K °REALST 9.6°LTV 7.6°Teaching Model 9.2
SABAAESAAS8888888888488884804433343644434444844834003223384088885880508800 000058088888 888A5880800088488
Description ° Weight® Raw ° Adjust ° Raw ° Adjust °* Raw * Adjust
SRR R AA A AAA8A88A8A488484868583445643358323480362834488468884880A8888805088AK880ERSAAESASASAOSRARASEAS
Measure Dep‘ts./WIP ° 25 ° ° 9.2 ° ® 5.5 4 * 9.2
Level of Detail M 63 ° ° 8.7 ° . 8.7 . 8.7
Indirect Costas Alloc ° 27° 0.s50° 5.0° 0.50° 5.0" 0.50° 5.0
Input/Output Matching® 27° 2.00° 10.0° 2.00° 10.0" 2.00° 10.0
Base Pericd Choice ° 24° 2.00° 10.0° 2.00° 10.0" 2.00° 10.0
Period Length ° 23° 3.00° 10.0° 3.00° 10.0" 3.00°¢ 10.0
Aggregation ° 37 o 2.60 ° 10.0 ° 0.00 ° 0.0 2,00 * 10.0
Use for Planning ° 25 ° 1.00 °10.0 ° 0.50 ® 5.0 N 1.00 ®10.0
Performance Measure ° 13 ° °10.0 ° °10.0 « ®10.0
§ Effects Portrayal ° 50 ° 3j.co ° 10.0 ° 3.00 ¢ 10.0 ¢ 3.00 °* 10.0
Performance Indices ° 50 ° 2.00 ° 10.0 ° 2.00 ° 10.0 °* 2.00 * 10.0
Unused Data/Features ° 13 ° 1.00 ° 8.3 ° 0.00 ®10.0 N 0.00 *10.0
Partial Measures ° 13 ° °10.0 ° °l0.0 . *10.0
Level of Detail ° 50 ° 2.00 ° 10.0 ~° 2.00 ° 10.0 °* 2.00 °* 10.0
Treatment of Capital ° s0 ° ° 10.0 ° * 10.0 ¢ * 10.0
Include Capital Input® 50° 1.00° 10.0° 1.00° 10.0° 1.00°* 10.0
No Capital Input ° s50° 0.0G° 10.0° 0.00° 10.0°* 0.00°* 10.0
Software Supported ° 13 ° 1.00 °10.0 ° 1.00 °10.0 . 0.00 * 5.0
- - a ° ° . .

210



Table 8.9 is very similar to Table 8.7 except for the weights of the criteria.

Table 8.9: PRFORM Evaluation of the TFPM Versions/Applications for Company C

Memory: 343K °REALST 9.2°Craig & Harris 5.0°Teaching Model 9.0
$8848A8484888888888884885404844342644438434443408434a84464444888453858084884804804408488458848848088488444
Description ° Weight® Raw ® Adjust ° Raw ° Adjus: ° Raw ® Adjust
848448884848484484455484444464434434634444444234363344334464483348808886485884086884804858A84846880884848
Performance Measure ° 23 ° °10.0 ° ° 2.5 ° °10.0
$ Effects Portrayal ° ¢ ° 3.00 ° 10.0 ° 0.00 ° 0.0 * 3.00 °* 10.0
Performance Indices ° S0 ° 2.00 ° 10.0 ° 1.00 ° 5.0 ° 2.00 ° 10.0
Measure Dep’ts./WIP ° 18 ° °10.0 e ° 7.1 . °10.0
Level of Detail ° 71 ° 10.0 ° ° 10.0 * ¢ 10.0
Base Period Choice ° 43° 2.00° 10.0° 2.00° 10.0* 2.00°* 10.0
Period Length ° 40° 1.c0° 10.0° 1.00° 10.0° 1.00* 10.0
Input/Output Matching® 17° 2.00° 10.0° 2.00° 10.0° 2.00° 10.0
Aggregation ° 29 ° 2.00 ° 10.0 ° 0.00 ~° c.0 °* 2,00 °* 10.0
Partial Measures ° 18 ° ° 7.5 ° ® 7.5 . * 7.5
Level of Detail ° 50 ° 3.00 ° 5.0 ° 3.00 ° 5.0 *° 3.00 ° 5.0
Treatment of Capital ° 50 ° ° 10.0 ° ° 10.0 ° * 10.0
Include Capital Input® 50° 1.00° 10.0° 1.00°* 10.0° 1.00° 10.0
No Capital Input ° 50° 0.00° 10.0° 0.00° 10.0° 0.00° 10.0

Use for Planning ° 17 ° 1.00 °10.0 ° 0.00 ° 0.0 * 1.00 *10.0

Unused Data/Features ° 11 ° 2.00 ° 6.7 ° . 0.00 *10.0

Software Supported ° 11 ° 1.00 °10.0 e 0.00 * 5.0 . 0.00 * 5.0
° o ° o .

Table 8.10 is also very similar to Table 8.7 except for the number of criteria and the

weights of the criteria.

Table 8.10: PRFORM Evaluation of the TFPM Versions/Applications for Center D

Yemory: 344K °SCORBORD 8.5°REALST 8.8°Teaching Model 8.6
LA AR AN AAASAAAARONAAAAAAGAAEASSA8A88808855455406254843584548440044548446423444533444840448484844
Description * Weight* Raw ° Adjust ° Raw ° Adjust * Raw ° Adjust
IAARAAA AR AR AN E A EAAANNOAREAAESA8A886888454546885354583843645485443624344543448565a5444844
Partial Measures 29 ° 7.6 ° ° 7.6 ° ° 7.6
Level of Detail . 49 ° 1.00 ° 5.0 ° 1.00 ° 5.0 ° 1.00 ° 5.0
Include Capital Input * 26 ° 1.00 °* 10.0 ° 1.00 ° 1:10.0 ° 1.00 ° 10.0
No Capital Input * 26 ° 0.00 ° 10.0 ° 0.0 ° 10.0 ° 0.00 ° 10.0
Use for Planning 29 ° 1.00 °10.0 ° 1.00 ”10.0 ° 1.00 °10.0
Performance Measure 14 . ° 7.5 ° °10.0 ° °10.0
§ Effects Portrayal * S0 ° 1.00 ° 5.0 ° 3.0 ° 10.0 ° 3.00 ° 10.C
Performance Indices ° s0 * 2.00 ° 110.0 ° 2.00 ° 10.0 °~ 2.00 ° 10.0
Jnueed Data/Features * 14 * 2.00 ° 6.7 ° fels] ° 6.7 ” .00 °10.0
joftware Supported * 14 i 1.00 °10.0 ° 1.00 °10.0 - 0.00 ° 5.0
. . . o o ° °
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Transformation Curves Used in the PRFORM Evaluations

Two transformation curves were shown and described earlier in Figures 8.2 and
8.3. The rest of the transformation curves are shown and described in the following
paragraphs. In all the transformation curves, the worst possible condition is given a
PRFORM equivalent or adjusted score of 0, the acceptable level is given an equivalent of 5,
and the best possible condition is given an equivalent of 10. Some other points may also
be given PRFORM equivalent scores.

Figure 8.6 shows tﬁat an application not portraying any performance indices is
unacceptable and thus receives an equivalent rating of zero. The minimum acceptable level
(with an equivalent rating of 5) should at least portray productivity indices while the best
application should portray both productivity and price recovery indices (an equivalent rating
of 10). This transformation curve evaluates how a TFPM version satisfies the user

information need for physical measures related to financial measures.

PRFORM
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Figure 8.7 rates an application’s capability to aggregate measures for dependent and
independent units within a firm to the firm level measures. Dependent units use the output
of one unit as an input for the other; independent units don't. The acceptable level is for a
TFPM version to be able to aggregate independent units and best if it can aggregate both
independent and dependent units. This transformation curve evaluates a TFPM version's

capability to provide information regarding units within a firm in relation to the firm's

overall performance.
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Figure 8.7: Aggregation Feature Transformation Curve

Figure 8.8 rates an application's being able to represent operational conditions
when production cycle time is long. If the period length used is short, the outputs for the
period being reviewed may not have been produced from the inputs used in that period.
Hence, to match outputs with their corresponding inputs, there may be a need to trace back
what inputs were actually used to produce the outputs for the period in review. However,

as explained in Chapter 4, this is a very tedious process, and then again, the inputs used to
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produce the outputs of the review period may not have been actually consumed in that
period. Hence, the desired alternative is to be able to use period lengths so that it will be
possible to just take snapshots of all outputs and inputs within that period and still safely

assume that those inputs and outputs represent a fairly accurate matching.

0 =No IO 1 = Trace Back 2 = Snapshot of
Match All Inputs to  Input/Outputs in
Outputs One Period

Figure 8.8: Input / Qutput Matching Transformation Curve




Figure 8.9 rates the application's choice of base period. The acceptable base period
is the budget for the period being reviewed. The better base period is a period representing
the typical performance of the firm so as to assess whether the firm is improving or not.
This transformation curve is based on what the literature prescribes as the better choice for
base periods assuming the main purpose of measurement is to support improvement

efforts.
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Figure 8.9: Choice of Base Period Transformation Curve
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Figure 8.10 rates the level of detail of a TFPM application. According to the
literature and my interviews with experts in the field who have had experiences in
developing TFPM applications such as Thor, Dhir, and Parsons, TFPM should stay macro
but also provide enough details to be able to pinpoint improvement opportunities; hence,
the following transformation curve strikes a balance between being too aggregated and

being too detailed as to count nuts and bolts or pennies and nickels.
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Figure 8.10: Level of Detail Transformation Curve

The next two figures rate the inclusion of capital and how it may affect the
information from the TFPM application. Figure 8.11 shows it is best to include capital
input; however, Figure 8.12 assumes that if there are no changes in capital input from the
base period to the review period, there may be no problem excluding capital as an input.
Figure 8.12 penalizes an application if capital input is not included and there is a significant

change in capitalization from the base period to the review period.
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Figure 8.11: Inclusion of Capital Input Transformation Curve
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Figure 8.13 assumes that for consistency in definition of productivity, output/input

ratio should be used for computing for challenge budgets instead of what LTV uses: cost to

sales rago.

(VL)
0=CantBe 0.5=Cost 1=
Used for Reduction  Productivity
Planning (LTV) Improvement
(REALST)

Figure 8.13: for Planning T formation Curve

The transformation curve on Figure 8.14 rates a TFPM version's capability of
analyzing by product. A TFPM version can either do it or not, hence, a 0 or 10 equivalent

score.

0 L i L]
0 = Can't .5 =dummy 1 = Analysis
Analyze By By Product
Product

Figure 8.14: Analysis By Product Transformation Curve




The following transformation curve rates the "fog index" of a TFPM version, i.e.
the more unused data or features a version has, the lower its PRFORM equivalent score.
Features or data that are presented but not needed by users only confuse or complicate

matters.
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Figure 8.15: Unused Data / Features Transformation Curve

The next transformation curve shows it is acceptable for a TFPM version not to

have software support although it is best if software is available.

1 = Software
Software Supported

Figure 8.16: Software Support Transformation Curve
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The next transformation curve shows it is best for Company C for the period length
to be one month instead of 3 months. Company C wants to use TFPM for making
adjustments to correct and/or improve operations. They feel one month is long enough for
their type of business to assess performance and take appropriate actions. Up to one year
period length is still acceptable but beyond that, the data/information is useless to them.

This transformation curve is based on organizational conditions.
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Figure 8.17: Company C Period Length Transformation Curve
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The last transformation curve evaluates the method of allocating indirect and
overhead costs. It is deemed unacceptable for indirect costs to just be allocated evenly into
the various organizational uinits. It is acceptable allocated indirect costs based on output
levels and/or direct resource consumption, and best if allocation is activity based as defined

in Chapter 5.

-+ - -

0 = ID Costs .5 = ID Costs 1 = Activity-
Evenly Spread  Allocated Based Based Cost
on Output Accounting

Figure 8.18: Indirect Costs Allocation Transformation Curve:

As mentioned in Chapter 2, I defined all these transformation curves based on
prescriptions from the literature, user information needs, and/or organizational conditions
that TFPM applications have to satisfy. The same transformation curves were used across
all cases whenever they were applicable.

This chapter presents the results of my research and describes how those results

were obtained. These results are summarized in the following chapter.
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Chapter 9: Conclusions. Lessons Learned. and Further Research
Directions

One of the major concerns in the world today is the ever increasing, spiralling
prices of goods and services - inflation. This is brought about by the traditional way of
doing business by simply passing on the costs of production/operations, plus a profit
margin (usually determined by what the market can bear), to customers. We call this
business strategy - price recovery. With the business environment becoming increasingly
competitive on a global scale, this business strategy has been challenged. World-class
competitiveness has usually been characterized by better and yet relatively lower priced
goods and services. World-class competitors are able to produce more and better goods
and services with relatively less resources, i.e., they use productivity improvement rather
than price recovery as a business strategy. Hence, it has become a necessity for firms to be
more productive to survive and compete rather than rely on price recovery.

The scenario [ just described implies that firms also need to modify the way they
measure their performance. Instead of just measuring profitability, which may be driven
mostly by price recovery, there is a need to know whether a firm is able to produce more
and/or better products and services with relatively less resources (irnproving productivity)
to be competitive. And yet, productivity measurement methods. such as Total-Factor
Productivity Measurement (TFPM), are still underutilized.

As early as the 40's and 50's, accountants, economists, statisticians, and engineers
realized the need to measure productivity. This resulted in the development of the earlier
Productivity Indices Model. I believe this model did not gain wide acceptance because it
failed to relate productivity directly with profitability. Managers found themselves with
two independent measures that they could not easily integrate to fully explain changes in

their performance. This situation was later remedied in the late 70's with the introduction



of the Profitability = Productivity + Price Recovery (PPPR) Model by the American
Productivity (and Quality) Center. Since then, at least five other versions have been
developed to respond to particular needs from different applications. My observation is
that most of the later versions have become too complex for managers and finance
executives to easily understand and use as a management tool for decision making. Hence,
my research focused on understanding and explaining the different versions presently
available, determining the common information needs of managers regarding performance
improvement, and developing a simple teaching TFPM model for first-time users.

The research combined various research methods. To understand and explain the
features and differences of the various TFPM versions, I reviewed the literature,
interviewed experts, and worked on hypothetical examples. These are described in detail in
Chapter 3 and will be summarized in this chapter as alternative ways of responding to the
information needs identified in the case studies I documented (Chapters 4-7). I used the
case studies to identify common user information needs and evaluate alternative ways of
providing the needed information. Evaluations of the applicability, usefulness, and/or
appropriateness of the different versions to the cases were done using Archer's (1978)
Design Process as implemented using VPC's Multi-Criteria Performance Measurement
Technique software (PRFORM, 1990). An evaluation function, represented by a
transformation curve, evaluates to what extent each feature of a version helps provide the
information needs of the user. This evaluation process has been described in detail in
Chapters 2 and 8.

Then, I developed a simple teaching TFPM model to provide the common
information needs identified in Chapter §, incorporating the features from the available

versions that best provided for particular information needs. This teaching TFPM model
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was also evaluated using the same process used to evaluate the presently available versions

as applied to the cases. It was also evaluated against prescriptions from related literature.

Common Information Needs

Information needs identified in each of the cases were given weights by the
managers who identified them according to their importance in decision making. The
weights were tabulated across all cases and the information needs with the highest total
weights were taken as the common information needs. The result was that four categories
of information needs were weighted heavily in all four cases, and cnly two others received
lower weights as they were identified as information needs in only one or two cases. The
four common information needs were compared with information needs identified in two
previous surveys.

The first information n identified w for planning, either in terms of
evaluating budgets or strategic options. generating challenge budgets. improving resource
allocation, or responding to fluctuations in the environment, This information need was

also identified in all four cases and received 25% of the total weights. Strategic planning
for future options and budget testing were cited by 33% and 30% of the APC/UCCEL
survey respondents, respectively, while Steedle's survey also cited this information as a
reason for productivity measurement. The second common information need was a
measure of past overall performance to know if the firm is improving and to assess the
impact of improvement efforts to profitability, This information need was identified in all

four case studies and received 24% of the total weights. It was also identified as the main
purpose for productivity measurement in two recent surveys: APC/UCCEL (81% of all
respondents, 1985) and a survey of 1000 controllers (Steedle, 1988). The third
information need identified in three of the four cases was measuring the performance of
rall performance of the
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fimm. This received 21% of the total weights but unlike the first two information needs, it
was not cited in the two previous surveys. The fourth and last common information need
factors (labor, material, energy, capital, data and information) to rotal-factor productivity.
This information need is related to what 46% of the respondents to the APC/UCCEL
survey cited as screening current performance and what Steedle's survey cites as the
problem analysis purpose of productivity measurement.

Other information needs identified in the cases were productivity analysis by
product (2%) and basis for gainsharing (6%). Analysis by product can be considered a
special case of measuring units within a firm and ascertaining their contribution to total firm
performance. Measuring past productivity performance, relating productivity to
profitability, and measuring the contribution of partial factors to total-factor productivity

could provide a basis for gainsharing.

An important concern I observed in gll the case studies was the need to integrate
TEPM with the existing systems in the organizations, This concern serves many purposes.

First, it deals with initially designing the TFPM application using data stored in existing
data bases. Since TFPM is suited mainly for plant and firm levels, this concern was not a
problem with the four cases [ worked on. Most of the data were available in some form or
another and with minor processing could be used for TFPM. This facilitated TFPM
development as people did not feel burdened by a new system. Secondly, I saw evidence
of Loggerenberg's (1989) claim that productivity tracking is facilitated when measures of
productivity change are directly related to an operationally familiar measure such as
profitability.

There is a need though to guard against the perception that TFPM duplicates

existing systems without adding new data or information. Some accountants think TFPM
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duplicates Activity-Based Cost (ABC) Accounting or Standard Cost Accounting
information. I explained in one case study (Chapter 5) that ABC Accounting improves the
allocation of indirect and overhead costs. By identifying what activities indirect and
overhead costs should be charged to, instead of the usual allocation of indirect and

overhead costs proportional to direct labor and material costs, better product or activity

costing is achieved. ABC Accounting will, therefore, make TFPM data more accurate. but
will still not be able to measure productivity and price recovery and relate them to
profitability, Standard Cost Accounting, on the other hand. explains variances of actual
costs against a flexible budget based on standard costs, It is an efficiency measure in the
nse that i he differen ] nsuned against the expected
resource consuymption, It stops at explaining changes in costs, As showh in Chapter 6, it
is similar to one of the optional reports generated by the REALST software, analyzing and
reconciling changes in costs.
These common information needs and issues are what [ used to develop and
evaluate the teaching TFPM model. But first, I'll discuss the main features and differences

of the available versions as related to the common information needs.

Main Features and Differences of Each TFPM Version

There are two basic models of TFPM: the Productivity Indices (PI) Model and the
Profitability = Productivity + Price Recovery (PPPR) Model. Gollop's Model, which [
originally thought was a different model because of how it was developed. proved to be
operationally equivalent to the PPPR model. The PI model uses base period price or price

index-weighted quantity (Laspeyres ) indices to remove the effects of price changes thereby
obtaining Productivity Indices. The PPPR model isolates but does not completely remove
the effects of price changes. These price changes of outputs and inputs are measured as

price recovery and used to relate productivity to profitability. By using a combination of
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base period price or price index-weighted quantity (Laspeyres) indices and current period
quantity-weighted price (Paasche) indices (except for Miller's version which uses
cumulative deflation), the following relationships are obtained:

AOQutput Value or Revenue = AOutput Quantity X AOutput Price, and 9.1)

Alnput Value or Costs = Alnput Quantity X Alnput Cost 9.2)

Dividing the first equation (9.1) by the second (9.2), the following equation is
obtained:

Profitability Index = Productivity Index X Price Recovery Index.

The PPPR model also computes the dollar effects of changes in productivity, price
recovery, and profitability. These dollar effects are related in the following manner:

AProfitability ($) = AProductivity ($) + APrice Recovery ($)

REALST goes further to relate the dollar effects of changes in profitability to the
absolute or arithmetic difference between profits in the base period and profits in the current
period, i.e., AProfits = AProfitability ($) + A Level of Activity or Production ($).

What I've just described constitute the first set of features of TFPM versions.
These features address the second common information need for a measure of overall past
performance to know if the firm is improving by computing profitability, productivity, and
price recovery indices; and to assess the impact of improvement efforts to profitability by
computing the dollar effects of the changes in performance.

The second set of features deals with how TFPM may be used for planning, either
in terms of evaluating budgets or strategic options, generating challenge budgets,

improving resource allocation, or responding to fluctuations in the environment.. All

versions may be used to evaluate plans by using budget data for the current or review
period and using past actual performance as base period data, LTV and REALST both

have a feature that computes a "macro challenge budget" given sales forecasts and prices,
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productivity improvement targets, and projected changes in resource costs. The difference
between the two methods is that LTV uses cost to sales ratio as a substitute for productivity
improvement target since LTV managers are more used to the concept of cost to sales ratio
rather than productivity change. Of course, this challenge budget feature is something that
can be added on to any of the versions.

The third set of features deals with measuring performance of departments, plants,
or product lines and relating or aggregating those measures to the division or firm level
measures. Gollop's model and REALST both have a way of aggregating dependent
organizational units, i.e., outputs of one unit become inputs of another. REALST also
aggregates measures for independent units of analysis. John Parsons, Director of Finance
and Economics of the National Productivity Institute in South Africa, who has been
teaching and developing REALST applications worldwide warns that applications dealing
with aggregation of multiple units should not be attempted until users are very familiar with
TFPM concepts and operational use. Aggregation of multiple units deal with relating
measures of one organizational level with the next higher of lower level. Before attempting
to do this, users should first become familiar with the TFPM application and data
interpretation to information for one level.

Sumanth computes productivity by product; total firm productivity is the weighted
average of the product productivities. He also computes what productivity level will
correspond to profit breakeven point. This model is very powerful when product cost data
are very accurate. However, cost accounting literature admits that most cost accounting
systems have not yet been developed to the point of accurately allocating indirect and
overhead costs. This is the reason why ABC Accounting is gaining popularity as it seeks
to remedy this situation. Berliner and Brimson (1988) also advocate better product costing.

This is why I believe Sumanth's version may be more useful when cost accounting

228



systems are better developed to reflect more accurate product costs. When an organization
reaches that stage though, any of the PPPR model versions may be used to measure
productivity, price recovery, and profitability by product. Firm measures can be developed
as an aggregate measure of product measures.

The fourth set of features deals with partial productivity measures. All the models
and versions calculate partial productivity measures and relate them or show their
contribution to the total-factor productivity measure. The difference in the versions is how
they treat capital input. Davis and Kendrick and Creamer advocate the use of book value
for capital assets. Craig and Harris, Sumanth, and APQC recommend the use of lease
value. REALST uses the return on investment (ROI) as the capital input. Sink (1985)
argues that capital input need not always be one of the inputs. I believe that for initial
implementation of TFPM, whatever method is used by the accountants of a firm to treat
capital expense should be used for TFPM. Treatment of capital expense or the availability
of capital expense data did not really become a major issue in any of the case studies. The
more critical issue is the understanding and acceptance of TFPM by finance and accounting
people in a firm as they are critical to the successful implementation of TFPM. Therefore,
it is very important to first ensure that TFPM is integrated with ‘existing systems,
particularly accounting. This also helps gain face validity for TFPM when the data from
TFPM are consistent with the accounting reports.

Other features include REALST's and the Financial Productivity Measurement's
(FPM) concept of resource variability. Some resources, called variable resources, vary
with production volume or level of activity while others are fixed resources. The concept
of resource variability enables REALST to attribute productivity changes to changes in
efficiency or utilization of variable resources, capacity utilization, and use of fixed

resources. REALST is also software supported along with VPC's version and FPM. Both
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REALST and FPM softwares feature choices in the level of detail in reports. They also
both use Strategic, Productivity, and Price Recovery Grids to portray TFPM information.
Other information portrayal techniques that could be used to portray data from the reports
of any version are trend charts, pie or area charts, and bar or column charts.

These features and differences are what I used in evaluating the appropriateness of
each version, including the teaching TFPM model, in responding to the information needs
of each of the case studies.

The Teaching TFPM Model I'm Proposing Provides for the Common
Information Needs

Based on the evaluations of possible TFPM versions appropriate for each
application, REALST has stood out as the most advanced and flexible version. However,
these strengths are also weaknesses in the sense that they have become too complicated for
first-time users and like all the other versions, REALST does not offer enough information
portrayal features, except for the strategic grids and the choice of level of detail of reports.
An example of an important feature of REALST is the concept of resource variability.
While the concept may be critical in explaining changes contributed by fixed and variable
resources, the concept muddles the basic analysis of profitability changes caused by
productivity and price recovery changes. I believe simplicity is a critical factor in getting
managers to understand and use TFPM. Carl Thor, President of the American Productivity
and Quality Center and Shoni Dhir, a high-ranking manager at LTV, who have both
extensively championed the use of TFPM in American organizations, agree that managers
are still generally not too keen on even using financial and accounting data and information.
Hence, the teaching TFPM model [ have developed is a simplified version of REALST that

incorporates some features of the other versions to facilitate understanding, usefulness, and



information portrayal. It has been designed to respond to the common information needs
of users.

The teaching TFPM model is actually a version of the PPPR model. It computes
and portrays change ratios and performance indices in the same manner as the APQC,
VPC, and REALST versions. It differs from other PPPR versions in portraying the dollar
effects of performance changes. First, the teaching TFPM model presents a flexible
budget, i.e., the quantities, costs, and total costs or values of inputs for the review period
assuming productivity aqd price recovery remained constant as in the base period. This
flexible budget is very similar to the Standard Cost Accounting flexible budget except that
instead of using the actual unit costs in the review period, normalized unit costs directly
proportional to the change in unit selling prices are used (i.e., for constant price recovery).
Finance and Accounting people should easily understand this. The variance between the
profits of this flexible budget and the profits from the base period can be explained by the
change in level of activity or production volume. The variances between the flexible budget
and the actual costs in the review period are the dollar effects of changes in profitability,
productivity, and price recovery. These dollar effects are portrayed as the last three
columns of the teaching TFPM model spreadsheet and are computed in the same manner as
REALST, i.e., dollar effects of changes in productivity are valued at the review period unit
costs, and the dollar effects of changes in price recovery are valued at the normalized
review period unit costs; the dollar effects of changes in profitability is the sum of the dollar
effects of changes in productivity and the dollar effects of changes in price recovery.

The teaching TFPM model, just like all the versions of the PPPR model , provides
a measure of the overall past performance in terms of indices and dollar effects of changes
in performance (the second common information need). The dollar effects are in terms of

the value of money during the review period, so they are more indicative of the actual value
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of money at the time the review is done and can, therefore, be more useful for purposes
such as gainsharing and planning for budgets of succeeding periods, rather than valuing the
dollar effects based on the base period value of money. The teaching TFPM model
provides for the first common information need as follows: it can be used to evaluate
budgets by using budget data as the review period data compared with some past actual
period data. If needed, a computation similar to LTV's could be done to generate challenge
budgets using a productivity improvement target rather than a desired cost to sales ratio.
As shown in Chapter §, the teaching TFPM model can be used to measure units within a
firrh and to ascertain their contribution to the overall performance of the firm (the third
common information need). It also provides for the fourth common information need by
showing contributions of partial factors to total-factor productivity, price recovery, and
profitability.

The PRFORM evaluations in Chapter 8 show that the teaching TFPM model has
been rated as high if not higher than the other available versions of TFPM using the
common information needs as the main criteria and just below REALST using the
information needs from the cases, mainly because REALST rated higher in the criteria,
"software supported.” Hence, the teaching TFPM model can provide user information
needs as well as, if not better, than the other TFPM versions. The other significant
advantage is that it will be easier for first-time users to understand ard implement.

The introduction of the flexible budget into the spreadsheet of the teaching TFPM
model helps in understanding how the model works. The first time I saw a version of
TFPM, I had difficulty reconciling and understanding why the total dollar effects of change
in profitability did not equal the change in profits from the base period to the review period.
It was not immediately clear why the dollar effect of profitability change could be negative

and yet have a positive review period profit. The flexible budget clearly portrays that the



change in profits from the base period to the review period is caused by two factors: change
in level of activity or sales volume and changes in productivity and price recovery.
REALST portrays these concepts in its profit and cost reconciliation reports but not
explicitly as showing the flexible budget and its variances against the base period and the
review period.

Based on the reasons just presented, I believe the teaching TFPM model will
facilitate understanding and acceptance of TFPM as a basic management tool for managers
who are seriously concerned about performance improvement. It may indeed be very
timely to introduce TFPM to managers who according to Dixon, Nanni, and Vollmann
(1990) are beginning to tinker with cost accounting systems in search for better operational
measures at the firm level. They observe that there is a growing dissatisfaction with cost
accounting systems and there is a need for better firm level measures that support
performance improvement efforts.

Once users are more familiar with the basic TFPM concepts, they can look into
more detailed analysis using REALST's resource variability concept. This will enable them
to further analyze productivity in terms of capacity utilization of fixed resources and
efficiency of variable resources. If the business is quite sensitive to fluctuations in prices
and costs, the TFPM application could be modified using Miller's cumulative deflation.

An important concern regardless of what version is used is information portrayal.
Portrayal formats can increase the probability that the information portrayed is what is
actually perceived. Some people like tables and can extract information from them; others
may think tables only present data. REALST uses Strategic Grids to show the present
position of a firm with respect to its productivity, price recovery, and profitability
performance. A criticism leveled on grids is they tend to be value-laden and critical rather

than just being descriptive and analytical. Of all the portrayal formats I've seen and
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designed, I prefer trend charts based on indices and bar charts representing dollar effects of
performance changes. Trend charts are very descriptive; they show trends rather than just
present positions, and can even show relationships of the factors being portrayed. In some
charts in Chapter 7, it was obvious by just looking at the trends (without correlation
analysis) that price recovery drove profitability, while productivity had a minimal effect. I
tried various types of charts to present dollar effects including combinations of bars and
lines, areas, pie charts, and the best one I've tried so far is a simple bar chart as shown in
Chapter 8. Bar charts can show negative numbers, and portray profitability as the sum of
productivity and price recovery. They also dramatically portray the magnitudes of dollar

effects of changes in performance.

Lessons Learned

The first lesson I learned in this research is that just like any management tool,
TEPM provides biasedt data (1985) but there's still a need for analysts and managers to be
able to perceive the information and translate it to operational terms, According to Kurstedt

(1989), “Given that we have the data in an MIS, we have to figure out how to organize and
present information made from the data in the information-portrayal side of the information-
portrayal-to-information-perception interface. In the information-perception side of the
interface, we have to regularly and frequently review between supervisor and subordinate
what came out of the management tools.” (See Figure 9.1) What TFPM provides are
indicators for analysts and managers to begin to search for informarion. As I concluded in
one of the case studies, information consists of the explanations using the users'

operational terms on why the TFPM numbers turned out to be such, which gives them an

i Kurstedt's definition of information, "Bigsed" is not used in 3 negative sense, It is used as data
h n given 3 meanin interpretation, or com wi
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idea about what could be done to attain the desired changes. This implies that to interpret
the meaning of TFPM processed data, the analysts and managers who intimately know the
operations of the firm have to work closely together to draw out the information from
TFPM and state them in operational terms. They need to work together to define the
information requirements, design the application, interpret the meaning of the processed
data, ensure that the information provided was what was really needed in the first place,
and find ways of improving the application. It is important as Derning (1989) says to have
masters in the organization who have profound knowledge about theory and how they
apply to particular situations. The analysts should be these masters. But while these
masters may provide the knowledge and skills about management tools, they are not as
familiar with the operations of a firm as those who actually manage resources. The
managers can usually express their concerns in operational terms: problems, issues,
decisions, actions, variances, crisis situations, but not in terms of management tools,
problem solving techniques, measurement, information needs, or information portrayal. It
is therefore imperative that these two groups of people work closely together in a firm, put
together their strengths (to cover up for each other's weaknesses), to be able to use
management tools operationally. I found that in the cases I worked on or reviewed, I
became more confident of the quality of information needs and the TFPM application itself
when I dealt with both the managers and analysts of the firm who were closely working

together in developing and implementing management tools.
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Figure 9.1: Analysts and Managers Need to Regularly Review the Interpretation of the Data
and/or Information from the Management Tocls

Start Simple; Modify Later
There is usually a tendency for analysts to try to develop a perfect application on the
first attempt - to do it right the first time. While I believe the inital application should be a
fairly accurate modelling of the actual situation, it need not be perfect or as sophisticated as
applications which have been used for years. Some simplifying assumptions need to be
made. As mentioned earlier, an application with multiple units within a firm should not
even be attempted by first time users. [ had great difficulty when I tried to do it for my

pilot case. Ilearned a lot but I may have confused the users. The important guideline is to
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start with an application that will portray the basic information frorn TFPM - the analysis of
profits using productivity and price recovery. Once this is understood and accepted, the
application can be modified to model more complex conditions in the organization and do

more detailed analysis.

Archer’s Design Process Could Be Implemented Using PRFORM and Could Be a
Standard Process for Designing, Developing, and Evaluating the Appropriateness of
TFPM Applications.

As analysts develop a TFPM application, they can use Archer's (1978) Design
Process for determining their goals and continually evaluating their application on how they
score against the goals they have set. This process could be done in the same way |
described in Chapter 8. First, they can use the process for evaluating the appropriateness
of alternative TFPM versions; and secondly, they can use the process to continually

evaluate how they are able to improve the application over time.

Future Research Directions
Other research directions I'd like to pursue or suggest that other researchers pursue

in relation to this research are the following:

Develop more case studies to verify the usefulness of the teaching TFPM model and
replicate, verify, and extend the list of common information needs when necessary.

I believe that case studies are an effective bridge between theory and practice. They
are able to document both quantitative and qualitative data. They appeal to both
academicians and practitioners. They not only extend and document new knowledge but
also help in disseminating new methods for practitioners who may be able to use it and

again add new experiences.
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Use of production functions to define resource variability

REALST's resource variability allows the user to define the rate input consumption
varies with output production levels. This concept still assumes a linear relationship
between outputs and inputs. This relationship need not be necessarily linear. When the
operations management field becomes more sophisticated to be able to define or at least
have a good estimate of the actual relationship between input and cutput change rates, then
there will be a need to modify productivity measurement to take into account these known
relationships. It may need a more detailed definition of productivity other than the simple

output over input ratio.

Relationships with other performance measures

When I was defining my research topic, I was tempted to pursue a topic on
relationships of different performance criteria. However, I decided that the more basic
need was for improving understanding and utilization of productivity measurement. While
my research has not exhausted the research possibilities in the pure productivity
measurement field, I believe I have laid the groundwork for better understanding and
utilization of Total-Factor Productivity Measurement and am now in a better position to
look into the bigger picture of performance. There are a number of other performance
criteria which will be discussed in the next section. Another area that may be explored is

the relationship of performance measures to a grounding criterion such as stock prices.

A Final Note

I have been using the word performance without having defined it. I use
performance generically to mean the gestalt or overall result of a firm's activities. Sink
(1985) defines performance as a function of seven interrelated criteria: effectiveness,

efficiency, quality, productivity, quality of work life, innovation, and profitability. Note
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that profitability and productivity are just two of these criteria and price recovery is not one
of them. Price recovery is clearly an attribute of profitability, although it can be affected by
some aspects of quality (in terms of suppliers and costs of inputs, and customers and prices
of outputs) and in the beginning of this chapter, price recovery was operationally equated
by some firms to profitability. Figure 9.2 shows the logical relationships of the seven
performance criteria. Note that productivity is right at the middle of the figure, capturing
the effects of effectiveness, efficiency, and quality, with innovation and quality of work life
as moderating variables, all affecting profitability. This figure shows what TFPM does. It
measures what Thor (1989 ) calls physical and what Sumanth (1979) calls tangible things
in terms of effectiveness (outputs and outcomes), efficiency (inputs), and quality
(suppliers, inputs, processes, outputs, customers), all rolled up into productivity, and
relates all these to the bottbm line. This is why I consider TFPM, not just a productivity or

profitability measure, but an overall performance measure.

—» ACHIEVING BALANCE <*+——

IF THE
ORGANIZATION IT WILL VERY IT WILL HAVE
SYSTEM IS IONAL LIKELY BE TO MAINTAIN TO MAINTAIN
QUALITY OF
EFFECTIVE | WORK LIFE
& INNOVATION
and )
- A .| PROFITABILITY/
>] EFFICIENT [==1=] PRODUCTIVE = *1 BUDGETABILITY
—— L;es
and its products, serv .
and processes conlorn to achie
to requirements
EXCELLENCE,
QUALITY SURVIVAL,
GROWTH

- Right things (on time)
- Right amount of resources
- Right way (first time)

Figure 9.2: By Measuring Productivity, Price Recovery, and Profitability, TFPM Measures

the Balance of Overall Performance
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Productivity Indices Model

Following is my portrayal of the three TFPM models in consistent symbols. This

will facilitate comparisons of the models and the versions within each model. This will be

one of the ways I'm investigating the model and version differences and similarities.

Ry = total revenue or value of output k in period 1

C|, = total cost or value of input j in period 1

Pk = price index of output k in period 1

¢ = cost index of input j in period 1

M

N

= number of outputs

= number of inputs

Productivityblndex (PI) =
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Profitability =

Productivity + Price Recovery Model

Oy, = quantity of output k in period 1
I}; = quantity of input j in period 1

Pxi
Cj; = unit cost or cost index of input j in period 1

unit price or price index of output k in period 1

I = old, base, or reference period (=0), or
new, current or review period (=n)

Ry = Oy Py = total revenue from output k in period 1

Cy =1Ijcy  =total cost of input j in period 1

Profitability Index = Productivity Index x Price Recovery Index

Note that the numerator and the denominator of the Productivity Index are
Laspeyres indices, i.e., they use base period price weighted quantities, while the numerator

and the denominator of the Price Recovery Index are Paasche indices, i.e., they use current

M M M
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With REALST, the denominator of the productivity index. is a Paasche index while

the denominator of the price recovery index is a Laspeyres index.

REALST Performance Indices

Profitability Index = Productivity Index x Price Recovery Index
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Joint effects of changes in productivity and price recovery are assigned to price

recovery.

Miller's Version
Instead of using Laspeyres and Paasche indices for deflation, Miller uses
cumulative deflation , i.e. period to period price changes are chained together to produce a

cumulative price deflator. Value of any input or output, say,

N
Z Q;iPji
D Vi j=1

Vy = =
I ™ Deflator,  Deflator,

where Deflator; = cumulative deflator over periods 1, 2, 3,...1

2 Q
. p-
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=TI
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Data Aggregation Problem:
Suppose some output or input were to be aggregated such that M = M1 + M3 + M3

+ ... + M, the change ratios will be different.
M
Consider the quantity: ¥ Qyp, Py, (no aggregation).
k=1

With aggregation,this becomes:
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An example can show that these two quantities may not be equal. An example is
documented in Paul Rossler's Masters thesis, pp. 208 - 216. The problem was he added
quantities of different items with different costs and used the sum as the aggregated
quantity. Intuitively, this problem is about adding apples and oranges. Whenever related
but not equally priced items are aggregated, an average price or a price index has to be used
to obtain a relative quantity, i.e. the quantity has meaning only in a comparative sense but

not in absolute terms. Examples of these quantities were shown in Chapter 7.
REALST Dollar Effects Compuzration

R = resource variability constant; O for fixed resources, 1 for 100% variable resources;
can take other values.
Qe = new (current period) resource quantity normalized for constant efficiency

=)

Qnp = new (current period) resource quantity normalized for constant productivity

]

Pnr = New (current period) resource price normalized for constant price recovery

[+

Capacity Utilization (A$) = (Qnp - Qne) ¢n
Efficiency (A$) = (Qne - Qn) cn
Productivity (A$) = Capacity Utilization (A$) + Efficiericy (A$) = (Qnp - Qn) ¢n
Price Recovery (A$) = Qnp (Cnr - Cn)
Profitability (A$) = Productivity (A$) + Price Rzcovery (A$)

= Qnp €n - QnCn + Qnp Car -QnpCn
= an Cnr- Qntn
These formulations are for a single output, single input case. The general

formulation follows:



R ;= resource variability for input j
Q. = new resource quantity for input j nommalized for constant efficiency

j
9

M M

Y 0P - 2, OwPio

k=1 =1

Zobpko
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Qu = new resource quantity for input j normalized for constant productivity

M
Y OwPo
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P«j = new resource cost for input j normalized for constant price recovery
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Gollop's Model
The following pages show Gollop's Model.
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R, = total revenue or value of output k in period 1
C ;= total cost or value of input k in period 1
Pk = price or price index of output k in period 1 (constant $s)
Cj1= unit cost or cost index of input j in period 1 (constant $s)
M = # of outputs
N = # of inputs
o, =Rx/ = ity i

K= pH—oummqmmmymcmmwm$s

_Ryi/ _: -
L, = %'1 = input quantity in constant $s
i

G, =%/ =

Kk = O. = growthrate of output k

ko
G; = Ij)/IJ-O= growth rate of input j
RVM

S, = = pri k

K 2 R, = Price share of output

k=1
C%N

S. = z Cjo = cost share of input j

J
k=1

M N :
G = growth rate of TFP = Z Sk Gk - Z S; Gj;
k=1 j=1
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Change in Operating Income:

= operating income in period n - operating income in period o

(i Rin- ich)'

k1 J=1

M N
z Ryo - ZC
k=1 j=l

Productivity Contribution =

N
2G|
j=1

Unit Sales Growth Contribution:

= (unit profit in period 0) x (period to period change in output)

k=1 i=1 ' M M
= ! [Z Rin - z Rko:l
k=1 k=1

Contribution of price changes:

= (period to period change in price) x output quantity in period n

M N
g[(mm Pid (O] - FZ(C “c 1y
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Gollop's Model Is Operationally Equivalent to APQC/VPC Versions
The following proof shows that Gollop's Model yields Productivity Indices and

Dollar Effects due to productivity changes equal to those of APQC's or VPC's versions.
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Prove:
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ndix B - Interviews of Experts
The following general questions were asked each expert, after a brief introduction

of my research:

. What organizations use your model/version?

. Do you think TFPM is still underutilized? Why?

. What are the latest developments in your research on TFPM? Any new
references/papers?

. Is my research worthwhile?

. Are you willing to review some working papers for my research?

The experts were unanimous in saying that TFPM was still underutilized and more
research and development could be done to make it a responsive and generally-accepted
management tool. They were all willing to review working papers on my research and be
resource persons.

In addition to these questions, issues related to each particular model/version were
discussed with the concerned expert. Each interview lasted about an hour and was
structured based on the guide questions I had prepared in advance, but was also
unstructured as issues were not always discussed in the same order. Following are my

notes on the interviews:

Frank Gollop, Ph.D., Boston College (2 February 1989)

Except for a couple of organizations who are using his model, there have been no
other developments since he wrote his paper. Once in a while, he lectures about his model.
Following are the detailed questions I asked and his responses:

1. Your model uses a production function in exponential form. This may be
the generally-accepted form in Macroeconomics but is this also applicable to the plant or
firm level measurement where the production functions may take on simpler functions such

as linear functions?



Response: The exponential form is the most general form of production functions.
Simpler forms of production functions may just be considered as subsets of the more
general form. They can definitely be used for plant or firm level measures with simplified
parameters such as what were used in the example shown in Chapter 3.

2. The theoretical model development assumes continuous functions.
However, in applications, time is in periods or discrete variables. Doesn't this present a
discrepancy?

Response: Most models are developed using continuous variables. When they are
applied, formulas using.discrete variables are used to approximate the theoretical
continuous variable formulations. These discrete variable formulas are equivalent to the
continuous variable forms in the limiting case. For example:dIny /0T =InyT-InyT..

3. I have developed a simple case where a plant has a manufacturing and a
packaging operation. In one period, some of the output of manufacturing is used as an
input of packaging while the rest stay in WIP. When I tried to parallel or replicate the
calculations done in your example, I couldn't get the same results - the analysis of what
contributes to profit change.

Response: One of the possible causes of the problem is aggregation of output. It
will not be as simple as getting the total dollar value of all outputs. A weighted average
using output growth rates must be used. (He asked me to go ahead and work out the
example and send him the case if it still doesn't work.)

Carl Thor, President, American Productivity and Quality Center (21
February 1989)

APQC teaches about three models: Physical Productivity (or what I call

Productivity Indices model of Davis, Craig and Harris, etc.); Cost Center Accounting --

using standard costs and quantities; and Profitability ratio = Productivity ratio x Price
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Recovery ratio model. He sent me a copy of the notebook they are using for their two-day
seminar/workshop entitled, "How to Measure Productivity (1989)." He also sent me the
results of the UCCEL/APQC survey done in late 1985, getting feedback from the attendees
of their workshop on how and why they have or have not used TFPM. He said the main
problem is selling the concept to managers.

Regarding the measurement of capital input, it is necessary to consider not just
depreciation costs but also the cost of money, to make managers aware of actual "surplus”
profits, over and above what investors would have made if they chose to invest in financial
markets instead. Mr. Thor also believes that many managers still don't fully understand
and appreciate Accounting data and information. Hence, there is a need to present data and
information in very simple terms.

Mr. Thor has agreed to be in my Graduate Advisory Committee to represent
industry.

David Miller,Ph.D., Director, Alabama Productivity Center (22 February
1989)

Dr. Miller has received many phone inquiries and given a few briefings but knows
only of Ethyl Corporation's continued usage of his TFPM model/version, called PPP for
Profitability = Productivity + Price Recovery. Contact persons at Ethyl Corporation are
Paul Weimer (VP) and Ross Gottwald. They can provide implementation experiences and
modifications based on actual needs.

GM IEs wanted to use his TFPM version but encountered opposition with
Accounting people. In Ethyl Corporation, however, there was no opposition as a top-
down approach was used. TFPM was an integral part of the annual general performance

review process done prior to the budgeting system.
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PPP version's deflation method was developed at Ethyl Corporation as a result of
their particular needs. PPP is equivalent to APQC's except for the deflation method and the
exclusion of weighted performance indices in the reports.

David Sumanth, Ph.D., Director, Productivity Research Group, University
of Miami (22 February 1989)

Dr. Sumanth says his students have developed 70 sample applications for various
organizations. Twelve of the applications were to be published in his new book which was
supposed to come out by the end of the year along with a software for his TPM
model/version.

He told me that he and Kitty Tang published a review of TFPM models/versions in
an IIE conference proceedings in 1983 or 1984. (I got a copy of this.)

When I inquired about the difficulties associated with allocating input costs by
product, Dr. Sumanth said there shouldn't be any problems as cost accountants do it all the
time. This was the same response he gave me when I asked if proportional allocation of
input costs based on output quantities would defeat the purpose of computing product and

partial productivities.

Shoni Dhir, TFPM Champion of LTV/Vought Aero Products (5 July 1990)

Based on the main questions I outlined at the beginning of this appendix, following
were Mr. Dhir's responses:

"Every corporation needs to know whether they are doing better or worse. If the
world were free from inflation, profitability = total-factor productivity.” He believes that
one-half of Fortune 500 managers don't even look at financial information and are therefore
not aware of the issues surrounding financial measures. Inflation muddies the financial
measures of performance. Therefore, there is a need for measurement approaches such as

TFPM to be able to measure performance in constant dollars to separate, but also relate the
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effects of inflation and total-factor productivity to profitability. And this information
should be presented in very simple terms for managers to quickly understand and
appreciate.

There is a need for a powerful champion to bring together the convictions of people
regarding measurement, for something like TFPM to be successfully implemented in firms.
TFPM implementation is the litmus test for all improvement programs within a firm as it
measures the overall impact of changes in performance and also indirectly tests managers'
understanding and commitment to continuous improvement by using TFPM for both
measurement and planning. Unfortunately, at LTV/VAPD (and in some organizations who
have implemented TFPM, according to the APQC/UCCEL survey, 1985), it is no longer
used as extensively because the champion has been moved to another job. However, at
LTV/VAPD, TFPM was able to forecast ups and downs in the business due to factoring
out of inflation.

When I asked why LTV uses cost-to-sales ratios for the challenge budget process
instead of the standard definition of productivity of output/input, Mr. Dhir said LTV
managers have been very familiar with cost-to-sales ratios and they felt it was not necessary

to change it with a very similar concept.



Appendix C: Raw Data on Interviews/Meetings With Users

This appendix documents the specific questions I asked and the the answers |
received from the managers and analysts I interviewed or met with to collect data on
management information needs related to performance improvement. Relevant data from
other data collection methods such as review of documents, forms, databases, and data
processing systems were documented in the case studies. Summaries of the information
needs were also documented in the case studies but this appendix. is aimed at showing the
details of how those information needs were collected.

As mentioned in Chapters 2: Methodology, Chapters 4-7: Case Studies, and
Chapters 8 and 9, I initially thought I could structure my questions and ask direct ones such
as, "What information do you need to make decisions and initiate actions to improve
performance?” I soon found out it was not as simple as that. Managers do not usually
communicate in such academic language. Hence, what follows is a documentation of what

specific questions I asked and the answers I received.

Plant A

Plant A's Manager of Industrial Engineering had read about TFPM and
SCORBORD in particular, and had assigned a Senior Industrial Engineer and another IE to
investigate the possibility of using TFPM at Plant A. Hence, before we came to visit Plant
A, they had read about TFPM and in fact, tried to develop an application by themselves.
Hence, they had earlier thought of why they want to try TFPM and what issues were
involved in developing the application. Joy Davis, VPC's software manager helped me

collect the data from Plant A.



The specific questions we asked the IE team were the following: What information
do you want to get out of SCORBORD? What types of decisions do you want to be able to
make from SCORBORD reports?

Following were the responses:

1. They have been implementing a number of performance improvement
efforts within the plant. Each of those efforts have estimated savings and costs. However,
they don't know the overall impact of all those efforts put together, on plant performance in

general and profitability in particular. They want TFPM to give them this information.

2. They also wanted to measure the contribution of indirect labor to overall
performance.
3. They want to show that material productivity is more important and

significant than direct labor productivity. They want to be able to use TFPM to focus
management's attention on reducing scrap during the good times to gear up for possible
bad times.

4. They want to be able to simulate what changes are needed to achieve desired
operating results. They want to be able to play 'what if’ games using TFPM.

5. They want to be able to pinpoint productivity improvement opportunities.

Division B
Division B was in a similar situation as Plant A. Division B's Operations
Technology Group was developing a comprehensive performance improvement program
that included a suggestion subsystem, a cost/benefit analysis subsystem, a screening and
approval system, and a performance measurement subsystem. The meetings and
interviews were conducted by Greg Sedrick, A VPC Research Asscciate and myself.
When we asked the Engineering Manager about what concerns or issues he had

encountered in improving his organization's performance, his response was that he wanted
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to know the contribution of his department to the overall performance of the division. His
organization's performance was usually measured based on actual expenses against budget,
output against schedules, and shop floor standards. He wanted o know how the present
measures related to the overall profitability of the division. This way he would be able to
pinpoint the factors in his operations that he should pay more attention to. In relation to
this information need, the staff analysts also wanted to measure the contribution of indirect
departments to overall division performance.

The Operations Technology Manager, being aware of LTV's TFPM version, and
being in the same industry, wanted a system just like LTV's. The question we then asked
was, "what about LTV's TFPM application do you like?" His response was that he wanted
the use of the challenge budget process in terms of being able to generate general budgeting
guidelines and being able to evaluate if a detailed budget is reasonable or achievable based

on past performance.

Company C

Company C had previous experience with the Craig and Harris TFPM version.
Their Productivity Services Group, however, thought the that the data and information
provided by the Craig and Harris version was not enough to justify the amount of effort
needed to implement it. Hence, they asked for VPC's assistance in "developing a
comprehensive measurement system tied in with work standards and relatable to
profitability.” When asked why they wanted to develop a TFPM application, the Assistant
Vice President for Productivity Management Services replied that the CEO had given them
a task to provide operating managers with physical measures that directly related to
financial measures. Their managers use financial measures and plant floor measures that

are decoupled. They would like to see a more integrated set of measures so they can
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understand the main factors affecting overall performance and pinpoint opportunites for
improvement.

I interviewed the Vice Presidents/General Managers of Divisions A,. B, D, and E.
All of them have not had any exposure to TFPM although I was introduced as an action
researcher who would be assisting them to develop a productivity measurement system.
The specific questions I asked them were: what concerns, problems, or issues do you have
regarding your management information systems? Do you have access to all the data and
information you need to make decisions and initiate actions to improve your organization's
performance? What data or information do you need to let you know if your organization's
performance is improving or not? What data or information do you need to pinpoint
opportunities for improvement? I asked the four general managers the same questions.

Following were their responses:

Division A

We need to take a second look at what we're doing as we may be blinded by our
paradigms. We know the detailed plant measures because we have been using them for
years. We don't have a clear understanding of how the detailed measures add up to overall
performance. We need to be able to distinguish what critical factors significantly affect our
operations. We get so involved with the numbers that we sometimes lose sight of the
meaning of those numbers. We need to change the format of our operations review from
mostly explaining variances to looking at trends and thinking about what needs to be done.
There's a need to look at measures that will point out ways to improve performance in the

next period - and we need to see this data within the next 10 days of the month.



Division B
Our thrusts are to provide the highest quality products in the domestic markets at the
lowest cost and to get into the international market for particular products. Our machinery
is world class and we are trying to develop our labor to also become world class to prepare
for possible international competition. We are experimenting with incentive programs
where employees' families get to pick rewards when groups of employees perform better
than standards. We need measures to support these thrusts and which are consistent with

the planning and control systems already in place.

Division D
Division D's General Manager was in the midst of a labor crisis when I met with
him. He said he felt he had access to the necessary data and information he needed to make
decisions and initiate actions to improve performance. He wanted to know what additional

information TFPM might provide.

Division E
They have excess capacity to respond to the highly volatile market demand. He is
interested in better ways to forecast and respond to fluctuations in the market.
Based on this interviews, I translated what I heard from them in terms of
information needs. These information needs are documented in the case study which I

asked them to review to verify the accuracy.

Center D
Center D has tried to implement TFPM two years ago but fzlt that they did not have
enough meaningful data. This time, I first started to collect information needs as I did with

the other cases. Since Center D's managers were familiar with TFPM, I felt comfortable



with directly asking them what their information needs were. 1 posed this question in a
meeting with the three directors of the Center. Following were the responses I got:

* Center's output / month and by type of output

» trends in price recovery

* labor productivity

+ income and expense by project, programs, and departments

* billable labor hours/total hours

« product/service lines to develop or cut

« overload/underload - staffing by functions

» what is our General & Administrative expense and how do we cover it?

* how do we ensure a level of gainsharing?

Since I had the 6pponunity to closely interact with Center D's directors, I decided
not to limit the development of the TFPM application to providing the data and information
the directors said they needed. Along with Paul Rossler, a VPC Research Associate, we
developed two parallel TFPM applications using REALST and SCORBORD, compared
results and presented a report to Center D's directors. We then asked them to rate which
information they needed most. These information needs were all discussed in the case

study.

One final note: before asking specific questions to identify the information needs of
the users, I had asked about background information regarding the scenario of how they
even thought of using TFPM. In fact, I had already asked the rnost basic question. Of
course this question was always addressed to the staff analysts who were originally
interested in developing a TFPM application and had some idea of what TFPM could

provide. With the managers, who mostly did not have any previous exposure to TFPM,



the questions had to be phrased differently. The questions raised were: What types of
concerns, problems, or issues do you have about improving the performance of your
organization?. What are your present basis for making decisions to improve performance?
What data or information do you want to receive to be more confident about the decisions

you make?
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