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SUMMARY 
 

 

Characteristics such as speed of reaction, order accuracy, operational flexibility and sustained 

quality have become fundamental in successful business today. The success of aligning a 

supply chain to attain these characteristics depends largely on the use of efficient 

communication and information technology. Communication between supply chain members 

requires that relevant information is transferred from its point of inception to the next point(s) 

of use. The transfer of information entails an efficient flow of information between systems, 

between systems and humans and between humans, which is directly associated with the 

effective interoperability between the various entities handling the relevant information. 

Accordingly, the realisation of interoperability will mean a faster information flow and, thus, 

an effective decision-making process. This research, therefore, will propose indicators and 

metrics for the assessment of the information flow efficiency of a business and, in particular, 

of a supply chain, examine the existing techniques of information flow measurement, and 

identify inherent weaknesses.  

 

New information flow efficiency metricsare developed and categorised into different 

indicators, which are based on the quality of the information as it is applied in finance, 

information technology and the principles of business performance measurements. This 

research will illustrate that these quality characteristics drive an effective and efficient 

information flow which, in turn, enables them to be used both as indicators and as associated 

metrics of information flow efficiency. Explorative analysis and statistical cluster analysis 

identified the most important indicators and associated metrics based on the results of a 

survey instrument designed specifically for this purpose.   

 

Scales were developed to facilitate the numeric assessment of the metrics and indicators. In 

order to prove the ability of the new indicators and associated metrics to differentiate 

between different levels of information flow efficiency, the new metrics were applied in 

sample organisations and the responses evaluated. This research lays an important foundation 

in terms of the ability to assess information flow efficiency which is, in turn, necessary in order 

to gain a better understanding of the performance of supply chains in a time where real-time 

information flow and electronic integration are becoming strategic business success factors. 

 



 
 

 

KEY WORDS 

 

 
Business performance measurement, communication, information, information flow 

efficiency,information systems, supply chain, and supply chain management 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

ACKNOWLEDGEMENTS 
 
 

 
I would like to thank and acknowledge the following individuals and institutions for their 
support throughout and contributions to this research project: 
 
 
¶ Professor JA Badenhorst-Weiss, for the professional and constructive manner in 

which she has guided and supported me during this research as well as her 
generosity with time, advice and enthusiasm.  

 
 
¶ Professor T Brevis-Landsberg, for her support specifically in the area of 

information technology. 
 
 

¶ The Centre for Business Management for the financial support with regard to the 
statistical consultation services and the professional language editing. 
 
 

¶ Dr Marthi Pohl, for her professional and valuable statistical and technical advice. 
 
 
 

¶ My colleagues at CBI Electric Aberdare ATC Telecom Cables (Pty) Ltd, 
specifically the Planning, Purchasing, Operations and Financial Departments, for 
their support. 

 
 

¶ My wife, Luisa, and our two children, Isabella and Natasha, for their love, 
patience and understanding during this period of research. 



i 
 

TABLE OF CONTENTS 

           PAGE 

CHAPTER 1 INTRODUCTION ....................................................................... 1 

 

1.1 OVERVIEW ............................................................................................................ 1 

1.2 SUPPLY CHAIN MANAGEMENT AND INFORMATION FLOW ................. 5 

1.2.1 INTRODUCTION ........................................................................................................... 5 

1.2.2 SUPPLY CHAIN AND SUPPLY CHAIN MANAGEMENT ..................................................... 5 

1.2.2.1 THE DEVELOPMENT OF SUPPLY CHAIN MANAGEMENT (SCM) ........................................ 5 

1.2.2.2 THE SUPPLY CHAIN CONCEPT ....................................................................................... 7 

1.2.2.3 THE CONCEPT OF SUPPLY CHAIN MANAGEMENT (SCM) ............................................... 10 

1.2.2.4 IMPACT OF INFORMATION AND INFORMATION FLOW ON SUPPLY CHAIN PERFORMANCE . 12 

1.2.3 INFORMATION FLOW IN THE SUPPLY CHAIN .............................................................. 14 

1.2.3.1  INTRODUCTION .......................................................................................................... 14 

1.2.3.2 PERSPECTIVES ON INFORMATION ................................................................................ 14 

1.2.3.3  INFORMATION FLOW AND RELATED CONCEPTS ............................................................ 18 

1.2.3.4 INFLUENCES DETERMINING INFORMATION FLOW EFFICIENCY ...................................... 22 

1.2.4 INFORMATION SYSTEMS IN SUPPLY CHAIN MANAGEMENT ........................................ 25 

1.2.4.1 INTRODUCTION .......................................................................................................... 25 

1.2.4.2  DEFINITION ............................................................................................................... 26 

1.2.4.3 COMPONENTS OF AN INFORMATION SYSTEM ................................................................ 26 

1.2.4.4  SUPPLY CHAIN MANAGEMENT INFORMATION SYSTEM ................................................... 28 

1.2.4.4.1  REQUIREMENTS ............................................................................................................................... 28 

1.2.4.4.2    THE DEVELOPMENT OF INFORMATION SYSTEMS FOR SUPPLY CHAIN MANAGEMENT ......................... 29 

1.2.5 INDICATORS AND METRICS IN SUPPLY CHAIN MANAGEMENT .................................... 32 



ii 
 

1.2.5.1 INTRODUCTION .......................................................................................................... 32 

1.2.5.2  KEY PERFORMANCE INDICATORS (KPIS) AND METRICS IN SCM ................................... 32 

1.2.5.2.1  THE CONCEPTS .................................................................................................................................. 32 

1.2.5.2.2 KPIS AND METRICS IN USE IN SUPPLY CHAIN MANAGEMENT ............................................................. 33 

1.2.5.3  THE SUPPLY CHAIN SCORECARD ................................................................................. 34 

1.2.5.4 COMMUNICATION SCORECARDS.................................................................................. 38 

1.2.5.4.1 THE CORPORATE COMMUNICATIONS SCORECARD (CCS) .......................................... 38 

1.2.5.4.2 THE COMMUNICATIONS SCORECARD (CSC)....................................................................................... 39 

1.2.5.4.3 THE COMMUNICATIONS CONTROL COCKPIT ....................................................................................... 39  

1.2.6 INFORMATION FLOW EFFICIENCY MEASUREMENT ..................................................... 40 

1.2.6.1 APPROACH TO MEASURING INFORMATION FLOW EFFICIENCY ....................................... 40 

1.2.6.2   CHARACTERISTICS OF BUSINESS PROCESS MEASUREMENT ............................................ 43 

1.2.6.3   CHARACTERISTICS OF BUSINESS PROCESS MEASUREMENT AS DRIVERS OF EFFICIENT 
INFORMATION FLOW .................................................................................................. 44 

1.2.6.4 CHARACTERISTICS OF FINANCIAL/ACCOUNTING INFORMATION QUALITY ....................... 46 
 
1.2.6.5 EXTENSION OF THE SUPPLY CHAIN SCORECARD TO INCLUDE INFORMATION FLOW 

EFFICIENCY INDICATORS AND ASSOCIATED METRICS .................................................... 48 

1.2.7 CONCLUSION ............................................................................................................ 49 

1.3 PROBLEM FORMULATION ............................................................................. 50 

1.3.1 PROBLEM STATEMENT .............................................................................................. 50 

1.3.2 PRIMARY OBJECTIVES ............................................................................................... 50 

1.3.3 SECONDARY OBJECTIVES  ......................................................................................... 51 

1.4 RESEARCH METHODOLOGY ......................................................................... 51 

1.4.1 RESEARCH PROCESS ................................................................................................. 51 

1.4.1.1    STEP 1: EXPLORATORY RESEARCH/LITERATURE STUDY ............................................... 52 

1.4.1.2  STEP 2: EMPIRICAL SURVEY ....................................................................................... 53 



iii 
 

1.4.1.3  STEP 3: EVALUATION OF RESEARCH RESULTS AND DEVELOPMENT OF SCALES ............... 53 

1.4.1.4 STEP 4: CASE STUDY IN TELECOMMUNICATION CABLE MANUFACTURING SUPPLY CHAIN ... 
 ................................................................................................................................. 54 

1.4.1.5 CONCLUSION ............................................................................................................. 58 

1.4.2 LIMITATIONS OF THERESEARCH ................................................................................ 58 

1.5 CONCLUSION ...................................................................................................... 60 

  



iv 
 

CHAPTER 2 THE SUPPLY CHAIN AND SUPPLY CHAIN 
MANAGEMENT .............................................................................................. 62 

 

2.1 INTRODUCTION ................................................................................................. 62 

2.2 THE SUPPLY CHAIN .......................................................................................... 63 

2.2.1 THE SUPPLY CHAIN CONCEPT .................................................................................... 63 

2.2.2 SUPPLY CHAIN DRIVERS AND INFORMATION FLOW ................................................... 67 

2.2.3 INFORMATION FLOW IN SOURCING OR ORDER MANAGEMENT CYCLE ........................ 71 

2.2.4 INFORMATION FLOW IN PROCUREMENT .................................................................... 74 

2.2.5 INFORMATION FLOW IN MANUFACTURING AND PLANNING ....................................... 76 

2.2.6 INFORMATION FLOW IN DEMAND MANAGEMENT ...................................................... 78 

2.2.7 INFORMATION FLOW BETWEEN SUPPLY CHAIN MEMBERS ......................................... 79 

2.3 SUPPLY CHAIN MANAGEMENT (SCM) ....................................................... 81 

2.3.1 CONCEPTS ................................................................................................................ 81 

2.3.1.1 THE EVOLUTION OF SUPPLY CHAIN MANAGEMENT STRATEGY ....................................... 82 

2.3.1.2 SUPPLY CHAIN MANAGEMENT AS A MANAGEMENT PHILOSOPHY .................................... 84 

2.3.1.3 SUPPLY CHAIN MANAGEMENT AS A SET OF MANAGEMENT PROCESSES ........................... 85 

2.3.1.4 SUPPLY CHAIN MANAGEMENT AS AN IMPLEMENTATION OF A MANAGEMENT PHILOSOPHY
 ................................................................................................................................. 86 

2.3.1.5 INTEGRATED VIEW OF SUPPLY CHAIN MANAGEMENT .................................................... 89 

2.3.2 THE MANAGEMENT OF SUPPLY CHAINS ..................................................................... 94 

2.3.2.1 INTRODUCTION .......................................................................................................... 94 

2.3.2.2 BUSINESS AND SUPPLY CHAIN STRATEGIES .................................................................. 94 

2.3.2.3 SUPPLY CHAIN DESIGN ............................................................................................... 97 

2.3.2.4 SUPPLY CHAIN PLANNING AND EXECUTION ................................................................ 100 

2.3.2.5 SUPPLY CHAIN MEASUREMENT.................................................................................. 101 



v 
 

2.3.3 INFORMATION SYSTEMS AND SUPPLY CHAIN MANAGEMENT ................................... 103 

2.3.3.1 INTRODUCTION ........................................................................................................ 103 

2.3.3.2 HISTORICAL PERSPECTIVE ........................................................................................ 105 

2.3.3.3 CURRENT SUPPLY CHAIN SOFTWARE ......................................................................... 105 

2.3.3.4 CONCLUSION ........................................................................................................... 107 

2.4 SUPPLY CHAIN PERFORMANCE MEASUREMENTS ............................. 107 

2.4.1 INTRODUCTION ....................................................................................................... 107 

2.4.2 GENERAL BUSINESS PERFORMANCE MEASUREMENT MODELS ................................. 108 

2.4.2.1 THE BALANCED SCORECARD (BSC) ......................................................................... 108 

2.4.2.2 THE COMMUNICATION SCORECARD (CSC) ................................................................ 109 

2.4.2.3 THE SKANDIA NAVIGATOR ........................................................................................ 111 

2.4.2.4 THE INTANGIBLE ASSETS MONITOR ............................................................................ 111 

2.4.2.5 THE VALUE CHAIN SCORECARD ................................................................................. 113 

2.4.2.6 THE STRATEGIC VALUE MAPS .................................................................................... 116 

2.4.2.7 THE TABLEAU DE BORD ............................................................................................ 118 

2.4.3 PERFORMANCE MEASUREMENT POSSIBILITIES IN THE SUPPLY CHAIN CONTEXT ...... 120 

2.4.4 SPECIFIC SCORECARDS AND ALTERNATIVE MEASURES ........................................... 124 

2.4.4.1 SUPPLY CHAIN SCORECARD MODELS ......................................................................... 124 

2.4.4.2 THE SUPPLY CHAIN OPERATIONS REFERENCE (SCOR) MODEL ................................... 129 

2.4.5 CONCLUSION .......................................................................................................... 130 

2.5  CONCLUSION .................................................................................................... 131 

  



vi 
 

CHAPTER 3 INFORMATION, INFORMATION FLOW AND RELATED 
CONCEPTS ..................................................................................................... 133 

 

3.1 INTRODUCTION ............................................................................................... 133 

3.2 BASIC CONCEPTS ............................................................................................ 135 

3.2.1 INFORMATION AS A CONCEPT ................................................................................. 135 

3.2.2 THE STANDARD DEFINITION OF INFORMATION (SDI) .............................................. 138 

3.3 INFORMATION AS AN INTERDISCIPLINARY CONCEPT ..................... 140 

3.3.1 INTRODUCTION ....................................................................................................... 140 

3.3.2 INFORMATION WITHIN THE NATURAL SCIENCES CONTEXT ...................................... 140 

3.3.3 INFORMATION AS A HUMANīSOCIAL CONCEPT ....................................................... 143 

3.3.3.1 INFORMATION IN A SEMIOTIC CONTEXT ..................................................................... 143 

3.3.3.2 THE SEMANTICS OF INFORMATION ............................................................................ 145 

3.3.3.3 OTHER DIVERSE VIEWS AND THEORIES ONINFORMATION ............................................ 146 

3.3.3.3.1 FRED DRETSKE’S NATURALIST THEORY OF INFORMATION (DRETSKE, 1983) ................................... 146 

3.3.3.3.2 THE SITUATION THEORY OF INFORMATION ...................................................................................... 147 

3.3.3.3.3 BAR-HILLEL AND CARNAP’S THEORY OF SEMANTIC INFORMATION (D’ALFONSO, 2011:63) ........... 148 

3.3.4 INFORMATION AS A VALUE CONCEPT ...................................................................... 149 

3.3.5 CONCLUSION .......................................................................................................... 150 

3.4 THE CATEGORISATION OF INFORMATION ........................................... 152 

3.4.1 INTRODUCTION ....................................................................................................... 152 

3.4.2 INFORMATION CATEGORISATION ACCORDING TO A PHYSICAL AND A MEANING 
COMPONENTS ......................................................................................................... 153 

3.4.2.1 POTENTIAL INFORMATION ........................................................................................ 153 

3.4.2.2 MEDIATE INFORMATION ........................................................................................... 153 

3.4.2.3 MEANINGFUL INFORMATION .................................................................................... 154 



vii 
 

3.4.3 LAYERED INFORMATION MODEL ............................................................................. 154 

3.4.4 CONCLUSION .......................................................................................................... 157 

3.5 INFORMATION FLOW AND COMMUNICATION .................................... 158 

3.5.1 INTRODUCTION ....................................................................................................... 158 

3.5.2 INFORMATION FLOW OR TRANSFER AND COMMUNICATION..................................... 159 

3.5.2.1 BASIC CONCEPTS ..................................................................................................... 159 

3.5.2.2 PERSON-TO-PERSON COMMUNICATION ..................................................................... 159 

3.5.2.3 COMPUTER MEDIATED COMMUNICATION (CMC) ...................................................... 161 

3.5.2.4 INFORMATION SYSTEM-TO-INFORMATION SYSTEM COMMUNICATION .......................... 166 

3.5.3 CONCLUSION .......................................................................................................... 171 

3.6 INFORMATION FLOW AND KNOWLEDGE .............................................. 172 

3.6.1 INTRODUCTION ....................................................................................................... 172 

3.6.2 KNOWLEDGE .......................................................................................................... 172 

3.6.2.1  THE BASIC CONCEPTS OF KNOWLEDGE ..................................................................... 172 

3.6.2.2 THE DATA-INFORMATION-KNOWLEDGE-WISDOM (DIKW) HIERARCHY ....................... 173 

3.6.2.3 TYPES AND STYLES OF KNOWLEDGE .......................................................................... 175 

3.6.3 CONCLUSION .......................................................................................................... 178 

3.7 CONCLUSION .................................................................................................... 178 

  



viii 
 

CHAPTER 4 THE ROLE OF MANAGEMENT INFORMATION 
SYSTEMS (MIS) IN THE SUPPLY CHAIN ............................................... 180 

 

4.1 INTRODUCTION ............................................................................................... 180 

4.2 BASIC CONCEPTS ............................................................................................ 182 

4.2.1 INFORMATION TECHNOLOGY (IT) ........................................................................... 182 

4.2.1.1 ORIGIN AND DEFINITION .......................................................................................... 182 

4.2.1.2 THE COMPONENTS OF INFORMATION TECHNOLOGY ................................................... 183 

4.2.1.2.1 COMPUTER TECHNOLOGY ................................................................................................................ 183 

4.2.1.2.2 COMMUNICATION TECHNOLOGY...................................................................................................... 185 

4.2.1.2.3 REPROGRAPHIC, MICROGRAPHIC AND PRINTING TECHNOLOGIES ..................................................... 186 

4.2.2 INFORMATION SYSTEMS (IS) .................................................................................. 187 

4.2.2.1 THE BASIC CONCEPTS OF INFORMATION SYSTEMS  ..................................................... 187 

4.2.2.2 SYSTEMS .................................................................................................................. 189 

4.2.2.2.1 BASIC CONCEPTS AND DEFINITION  .................................................................................................. 189 

4.2.2.2.2 CLASSIFICATION OF SYSTEMS .......................................................................................................... 190 

4.2.2.2.3 SYSTEM PERFORMANCE AND STANDARDS ....................................................................................... 191 

4.2.2.2.4 SYSTEM VARIABLES AND PARAMETERS ........................................................................................... 191 

4.2.3 TYPES OF INFORMATION SYSTEMS .......................................................................... 192 

4.2.3.1 INTRODUCTION ........................................................................................................ 192 

4.2.3.2 MANAGEMENT INFORMATION SYSTEMS (MIS) ........................................................... 192 

4.2.3.3 DECISION SUPPORT SYSTEMS (DSS) ......................................................................... 193 

4.2.3.4 TRANSACTION PROCESSING SYSTEMS ......................................................................... 193 

4.2.3.5 ARTIFICIAL INTELLIGENCE (AI) AND EXPERT SYSTEMS (ES) ....................................... 194 

4.2.3.6 CONCLUSION ........................................................................................................... 195 

4.2.4 CHARACTERISTICS OF INFORMATION SYSTEMS ....................................................... 196 



ix 
 

4.2.4.1 INTRODUCTION ........................................................................................................ 196 

4.2.4.2 COMPONENTS OF AN IS ............................................................................................ 197 

4.2.4.2.1 HARDWARE ..................................................................................................................................... 197 

4.2.4.2.2 SOFTWARE ....................................................................................................................................... 201 

4.2.4.2.3 NETWORKS ...................................................................................................................................... 202 

4.2.4.2.4 DATABASE MANAGEMENT ............................................................................................................... 205 

4.2.4.2.5 HUMAN-TO-COMPUTER INTERFACES AND INFORMATION RETRIEVAL .............................................. 206 

4.2.4.2.6 PEOPLE ............................................................................................................................................ 206 

4.2.4.2.7 PROCEDURE ..................................................................................................................................... 207 

4.2.4.3 INFORMATION SYSTEM SECURITY .............................................................................. 207 

4.2.4.4 CONCLUSION ........................................................................................................... 209 

4.3 INFORMATION SYSTEMS IN SUPPLY CHAINS ....................................... 210 

4.3.1 INTRODUCTION ....................................................................................................... 210 

4.3.2 MATERIAL REQUIREMENTS PLANNING (MRP) SYSTEMS ......................................... 212 

4.3.3 DISTRIBUTION RESOURCE PLANNING (DRP)SYSTEMS ............................................ 214 

4.3.4 MANUFACTURING RESOURCE PLANNING (MRPII) SYSTEMS................................... 215 

4.3.5 ENTERPRISE RESOURCE PLANNING (ERP) SYSTEMS ............................................... 215 

4.3.6 MANUFACTURING EXECUTION SYSTEMS (MES) ..................................................... 217 

4.3.7 ADVANCED PLANNING AND SCHEDULING (APS) SYSTEMS ..................................... 219 

4.3.8 CUSTOMER RELATIONSHIP MANAGEMENT (CRM) AND SUPPLIER RELATIONSHIP 
MANAGEMENT (SRM) ............................................................................................ 221 

4.3.9 SUPPLY CHAIN MANAGEMENT (SCM) SYSTEMS ..................................................... 223 

4.3.10 BUSINESS PROCESS MANAGEMENT (BPM) ............................................................ 224 

4.3.11 CONCLUSION .......................................................................................................... 225 

4.4 COMMONLY ENCOUNTERED APS, ERP AND SCM SYSTEMS IN 

PRACTICE .......................................................................................................... 226 



x 
 

4.4.1 INTRODUCTION ....................................................................................................... 226 

4.4.2 SAP ........................................................................................................................ 226 

4.4.3 ORACLE .................................................................................................................. 231 

4.4.4 MICROSOFT ............................................................................................................ 231 

4.4.5 INFOR ..................................................................................................................... 232 

4.4.6 MANHATTAN ASSOCIATES ERP ............................................................................. 233 

4.4.7 CONCLUSION .......................................................................................................... 234 

4.5  CONCLUSION .................................................................................................... 235 

  



xi 
 

CHAPTER 5 BUSINESS AND SUPPLY CHAIN PERFORMANCE 
MEASUREMENT ........................................................................................... 236 

 

5.1 INTRODUCTION ............................................................................................... 236 

5.2 BASIC CONCEPTS ............................................................................................ 238 

5.2.1 INTRODUCTION ....................................................................................................... 238 

5.2.2 THE ROLE OF BUSINESS PERFORMANCE MEASUREMENT SYSTEMS .......................... 239 

5.2.3 THE BUSINESS PERFORMANCE MEASUREMENT PROCESS ......................................... 240 

5.2.4 CONCLUSION .......................................................................................................... 245 

5.3 PRINCIPLES OF PERFORMANCE MEASUREMENT FRAMEWORKS 246 

5.3.1 INTRODUCTION ....................................................................................................... 246 

5.3.2 THE UNDERLYING PRINCIPLES OF MEASUREMENT .................................................. 247 

5.3.3 THE UNDERLYING PRINCIPLES FOR EFFECTIVE PERFORMANCE MEASUREMENT ....... 249 

5.3.4 THE ELEMENTS OF PERFORMANCE METRICS ........................................................... 251 

5.3.5 DIMENSIONS OF PERFORMANCE METRICS ............................................................... 251 

5.3.6 LEVELS OF PERFORMANCE METRICS ....................................................................... 254 

5.3.7 CONCLUSION .......................................................................................................... 255 

5.4 ELEMENTS, LEVELS AND DIMENSIONS REGARDING THE 
MEASUREMENT OF INFORMATION FLOW EFFICIENCY................... 256 

5.4.1 INTRODUCTION ....................................................................................................... 256 

5.4.2 THE LEVELS OF MEASUREMENT OF INFORMATION FLOW EFFICIENCY ..................... 257 

5.4.3 THE DIMENSIONS OF INFORMATION FLOW EFFICIENCY MEASUREMENT .................. 258 

5.4.4 DEVELOPING INDICATORS AND ASSOCIATED METRICS FOR INFORMATION FLOW 
EFFICIENCY ............................................................................................................. 259 

5.4.5 CONCLUSION .......................................................................................................... 262 

5.5 EXISTING PERFORMANCE MEASUREMENT SYSTEMS THAT 
INCLUDE INFORMATION FLOW OR COMMUNICATION  



xii 
 

METRICS ............................................................................................................ 264 

5.5.1 INTRODUCTION ....................................................................................................... 264 

5.5.2 EXISTING MEASUREMENT FRAMEWORKS INVOLVING COMMUNICATION AND 
INFORMATION FLOW ............................................................................................... 265 

5.5.2.1 INTRODUCTION ........................................................................................................ 265 

5.5.2.2 THE COMMUNICATIONS SCORECARD (CSC) .............................................................. 266 

5.5.2.3 THE CORPORATE COMMUNICATIONS SCORECARD ...................................................... 266 

5.5.2.4 THE COMMUNICATIONS CONTROL COCKPIT............................................................... 267 

5.5.2.5 A COMPARISON OF THE COMMUNICATION-ORIENTED PERFORMANCEMEASUREMENT 
SYSTEMS .................................................................................................................. 269 

5.5.3 CONCLUSION .......................................................................................................... 271 

5.6 THE INCLUSION OF INFORMATION FLOW EFFICIENCY 
MEASUREMENT IN THE SUPPLY CHAIN SCORECARD (SCS) ............ 272 

5.6.1 INTRODUCTION ....................................................................................................... 272 

5.6.2 THE SUPPLY CHAIN SCORECARD INCLUDING THE PERSPECTIVE OF INFORMATION 
FLOW EFFICIENCY ................................................................................................... 272 

5.6.3 THE SUPPLY CHAIN SCORECARD EXPANDEDTO INCLUDE INFORMATION FLOW 
EFFICIENCY INDICATORS AND METRICS................................................................... 273 

5.7 CONCLUSION .................................................................................................... 275 

  



xiii 
 

CHAPTER 6 THE MEASUREMENT OF INFORMATION FLOW 
EFFICIENCY IN THE SUPPLY CHAIN .................................................... 278 

 

6.1 INTRODUCTION ............................................................................................... 278 

6.2 INFORMATION AND INFORMATION FLOW MEASUREMENT........... 280 

6.2.1 INTRODUCTION ....................................................................................................... 280 

6.2.2 THE INFORMATION THEORY BASED MEASUREMENT OF INFORMATION .................... 281 

6.2.2.1 MUTUAL INFORMATION ............................................................................................ 281 

6.2.2.2 TRANSFER ENTROPY ................................................................................................. 282 

6.2.3 INFORMATION FLOW MEASUREMENT IN COMPUTER HARDWARE ............................. 284 

6.2.3.1 INFORMATION FLOW AS AN IMPROVEMENT IN ACCURACY ........................................... 284 

6.2.3.2 INFORMATION FLOW MEASUREMENT IN MEMORY MANAGEMENT ................................. 285 

6.2.4 INFORMATION FLOW BETWEEN HUMANS ................................................................ 286 

6.2.4.1 ANALYSIS OF INDIVIDUAL COMMUNICATION/INFORMATION FLOW IN SMALL GROUPS ... 286 

6.2.4.2 A POWER LAW MODEL FOR THE REPRESENTATION OF INFORMATION FLOW IN SOCIAL 
GROUPS ................................................................................................................... 287 

6.2.4.3 MEASURING INFORMATION FLOW IN HUMAN NETWORKS USING WEARABLE SENSORS ... 289 

6.2.5 INFORMATION FLOW MEASUREMENTS IN HUMAN-COMPUTER INTERFACES ............. 291 

6.2.5.1 THE MEASUREMENT OF POINTING DEVICE EFFICIENCY USING FITTS’S LAW ................ 291 

6.2.5.2 PROCESS, OUTCOME AND AFFECT IN HUMAN COMPUTER INTERACTIONS, ACCORDING TO 
DILLON ................................................................................................................... 293 

6.2.6 OTHER INFORMATION FLOW MEASURES ................................................................. 295 

6.2.6.1 TOBIN’S Q ............................................................................................................... 295 

6.2.6.2 SIMILARITY MEASURES ............................................................................................. 297 

6.2.6.3 INFORMATION LATENCY AS A MEASURE OF INFORMATION FLOW EFFICIENCY .............. 298 

6.2.6.4 COMMUNICATION AUDIT .......................................................................................... 302 



xiv 
 

6.2.6.5 INFORMATION AUDIT ............................................................................................... 304 

6.2.7 APPLICABILITY OF THE EXISTING INFORMATION FLOW MEASUREMENTS TO 
INFORMATION FLOW EFFICIENCY IN SUPPLY CHAINS ............................................... 306 

6.2.7.1 INTRODUCTION ........................................................................................................ 306 

6.2.7.2 APPLICABILITY OF INFORMATION FLOW MEASUREMENT MODELS BASED ON INFORMATION 
THEORY ................................................................................................................... 306 
 

6.2.7.3 APPLICABILITY OF MEASUREMENT MODELS DEALING WITH INFORMATION FLOW 
AMONGST COMPUTER HARDWARE ............................................................................. 307 
 

6.2.7.4 APPLICABILITY OF MEASUREMENT MODELS DEALING WITH INFORMATION FLOW  
AMONGST HUMANS ................................................................................................... 308 
 

6.2.7.5 APPLICABILITY OF MEASUREMENTS DEALING WITH INFORMATION FLOW  
BETWEEN HUMANS AND ELECTRONIC INTERFACES ..................................................... 308 
 

6.2.7.6 APPLICABILITY OF NON-CLASSIFIED INFORMATION FLOW MEASUREMENTS ................. 309 
 

6.2.7.7 CONCLUSION ........................................................................................................... 311 

6.2.8  CONCLUSION .......................................................................................................... 313 

6.3 SOURCES OF INDICATORS OF INFORMATION FLOW EFFICIENCY
 ............................................................................................................................... 314 

6.3.1 INTRODUCTION ....................................................................................................... 314 

6.3.2 CHARACTERISTICS OF INFORMATION AND INFORMATION QUALITY ........................ 316 

6.3.3 CHARACTERISTICS OF MEASURES APPLICABLE TO BUSINESS PERFORMANCE 
MEASUREMENT ....................................................................................................... 316 

6.3.4 QUALITATIVE CHARACTERISTICS OF FINANCIAL ACCOUNTING INFORMATION ........ 320 

6.3.5 CHARACTERISTICS OF SOFTWARE QUALITY ............................................................ 324 

6.3.6 CONCLUSION .......................................................................................................... 325 

6.4 DEVELOPING INDICATORS AND ASSOCIATED METRICS ................. 325 

6.4.1 INTRODUCTION ....................................................................................................... 325 

6.4.2 THE MASTER SET OF CHARACTERISTICS .................................................................. 326 

6.4.3 INDICATORS AND ASSOCIATED METRICS DEVELOPED FROM THE MASTER SET OF 
CHARACTERISTICS .................................................................................................. 328 



xv 
 

6.4.3.1 RELEVANCE ............................................................................................................. 328 

6.4.3.2 USEFULNESS ........................................................................................................... 329 

6.4.3.3 REPEATABILITY ........................................................................................................ 329 

6.4.3.4 BELIEVABILITY ......................................................................................................... 330 

6.4.3.5 TIMELINESS ............................................................................................................. 331 

6.4.3.6 RESPONSIVENESS ..................................................................................................... 331 

6.4.3.7 CONSISTENCY .......................................................................................................... 332 

6.4.3.8 INTERPRETABILITY ................................................................................................... 332 

6.4.3.9 ACCESSIBILITY ......................................................................................................... 333 

6.4.3.10 ACCURACY .............................................................................................................. 333 

6.4.3.11 ACCEPTABILITY ....................................................................................................... 334 

6.4.3.12 SECURITY ................................................................................................................ 335 

6.4.3.13 COMPREHENSIVENESS.............................................................................................. 335 

6.4.4 CONCLUSION .......................................................................................................... 336 

6.5 CONCLUSION .................................................................................................... 336 

  



xvi 
 

CHAPTER 7 RESEARCH METHODOLOGY .......................................... 339 

 

7.1 INTRODUCTION ............................................................................................... 339 

7.2 PROBLEM STATEMENT ................................................................................. 339 

7.3 RESEARCH OBJECTIVES .............................................................................. 340 

7.3.1 INTRODUCTION ....................................................................................................... 340 

7.3.2 PRIMARY OBJECTIVE .............................................................................................. 340 

7.3.3 SECONDARY OBJECTIVES ........................................................................................ 341 

7.4 RESEARCH DESIGN ........................................................................................ 341 

7.4.1 INTRODUCTION ....................................................................................................... 341 

7.4.2 RESEARCH DESIGNS AND METHODS ........................................................................ 342 

7.4.2.1 CONCLUSIVE RESEARCH DESIGN ............................................................................... 342 

7.4.2.2 EXPLORATORY RESEARCH DESIGN............................................................................. 343 

7.4.2.3 QUALITATIVE RESEARCH METHOD ............................................................................ 343 

7.4.2.4 QUANTITATIVE RESEARCH METHOD .......................................................................... 343 

7.4.2.5 CASE STUDY RESEARCH METHOD .............................................................................. 344 

7.4.3 RESEARCH DESIGN CHOSEN FOR THIS STUDY .......................................................... 344 

7.4.4 RESEARCH TECHNIQUES ......................................................................................... 348 

7.4.4.1 INTRODUCTION ........................................................................................................ 348 

7.4.4.2 SURVEY DESIGN ....................................................................................................... 348 

7.4.4.2.1 INTRODUCTION ................................................................................................................................ 348 

7.4.4.2.2 DEVELOPMENT OF THE SURVEY AND SURVEY QUESTIONS ............................................................... 349 

7.4.4.2.3 SAMPLE DESIGN AND SAMPLE REALISED .......................................................................................... 354 

7.4.4.2.4 DATA AND DATA COLLECTION ......................................................................................................... 356 

7.5 EMPIRICAL TESTING OF THE PROPOSED MEASUREMENT 
INSTRUMENT OF INFORMATION FLOW EFFICIENCY ....................... 357 



xvii 
 

7.5.1 INTRODUCTION ....................................................................................................... 357 

7.5.2 SAMPLING FOR THE EXPLORATORY TESTING OF THE INSTRUMENT ......................... 358 

7.5.3 EXPERT OPINIONS IN RESEARCH ............................................................................. 359 

7.5.4 THE ACTUAL USE OF EXPERT OPINIONS IN THE EXPLORATORY TESTING OF 

 THE INSTRUMENT .................................................................................................... 360 

7.5.5 THE EXPLORATIVE TESTING PROCESS ..................................................................... 361 

7.5.6 THE TYPES OF INFORMATION CONSIDERED ............................................................. 363 

7.6 CONCLUSION .................................................................................................... 364 

  



xviii 
 

CHAPTER 8 RESEARCH RESULTS AND CONCLUSIONS ................. 366 

 

8.1 INTRODUCTION ............................................................................................... 366 

8.2 SURVEY RESULTS  .......................................................................................... 366 

8.2.1 INTRODUCTION TO SURVEY RESULTS DISCUSSION .................................................. 366 

8.2.2 PROFILES OF RESPONDENTS .................................................................................... 367 

8.2.3 INFORMATION SYSTEM USE .................................................................................... 368 

8.2.4 THE IMPORTANCE OF INFORMATION FLOW IN SCM ................................................ 380 

8.2.5 THE USE OF ERP, APS AND MES ........................................................................... 382 

8.2.6 SUMMARY OF THE “INFORMATION SYSTEMS USE” PARTS 2 AND 4 OF THE SURVEY  389 

8.2.7 CHARACTERISTICS OF INFORMATION AND INFORMATION FLOW: SURVEY RESULTS 393 

8.2.7.1 EXPLORATIVE DATA ANALYSIS ................................................................................... 393 

8.2.7.2 STATISTICAL ANALYSIS .............................................................................................. 397 

8.2.7.2.1 INTRODUCTION ................................................................................................................................ 397 

8.2.7.2.2 BOX PLOT GRAPHS ........................................................................................................................... 398 

8.2.7.2.3 HIERARCHICAL CLUSTER ANALYSIS ................................................................................................. 398 

8.2.7.2.4 CONCLUSION ............................................................................................................. 404 

8.2.8 CONCLUSION .......................................................................................................... 407 

8.3 EXPLORATORY TESTING OF THE MEASUREMENT OF 
INFORMATION FLOW EFFICIENCY .......................................................... 409 

8.3.1 INTRODUCTION ....................................................................................................... 409 

8.3.2           INDICATORS AND METRICS SELECTED AS DRIVERS OF INFORMATION FLOW 
EFFICIENCY ............................................................................................................. 410 

8.3.3 THE USE OF SEMANTIC DIFFERENTIAL SCALES ........................................................ 411 

8.3.4 THE BASIS FOR THE USE OF TIME AS AN EVALUATION CRITERION ........................... 412 

8.3.4.1 THE DURATION OF INFORMATION TRANSFER/FLOW ................................................... 412 



xix 
 

8.3.4.2 SCALES FOR TIME-RELATED INFORMATION ................................................................ 413 

8.3.5 THE SCORING OF INFORMATION FLOW METRICS INCLUSIVE OFOTHER (NON-TIME 
RELATED)METRICS ................................................................................................. 414 

8.3.5.1 ACCESSIBILITY ......................................................................................................... 415 

8.3.5.1.1 “ACCESS TO INFORMATION SHOULD NOT HAVE ANY OBSTACLES” ................................................... 416 

8.3.5.1.2 “ACCESS TO INFORMATION MUST BE REAL-TIME ............................................................................. 416 

8.3.5.1.3 “ACCESS SCREENS MUST BE USER-FRIENDLY” ................................................................................. 417 

8.3.5.2    CONSISTENCY .......................................................................................................... 417 

8.3.5.2.1 “INFORMATION MUST BE COMPARABLE” ......................................................................................... 418 

8.3.5.2.2 “ENTERPRISE-WIDE CHANGES MUST BE COMMUNICATED IN REAL TIME” ......................................... 418 

8.3.5.2.3 “CLEARLY DEFINED PROCESSES OF INFORMATION PROVISION MUST EXIST” .................................... 419 

8.3.5.3 TIMELINESS ............................................................................................................. 419 

8.3.5.3.1 “HOW LONG DOES IT TAKE TO RETRIEVE INFORMATION/DATA?” ..................................................... 420 

8.3.5.3.2 “THE PROVISION OF DATA AND INFORMATION MUST BE ONTIME” .................................................... 420 

8.3.5.3.3 “WHAT IS THE TIME DIFFERENCE BETWEEN THE RECEIPT OF INFORMATION AND RESPONDING TO THE 
INFORMATION” ................................................................................................................................ 420 

8.3.5.3.4 “IS LATE OR MISSING DATA/INFORMATION COMMUNICATED?” ........................................................ 421 

8.3.5.4 RELEVANCE ............................................................................................................. 422 

8.3.5.4.1 “INFORMATION REPRESENTATION MUST MEET THE USER’S NEEDS” ................................................. 422 

8.3.5.4.2 “INFORMATION REPRESENTATION MUST BE ABLE TO ADJUST TO FUTURE NEEDS” ........................... 422 

8.3.5.4.3 “INFORMATION PRIORITIES MUST BE CONSIDERED” ......................................................................... 423 

8.3.5.5 ACCURACY .............................................................................................................. 423 

8.3.5.5.1 “INFORMATION/DATA MUST ALWAYS BE CORRECT” ........................................................................ 424 

8.3.5.5.2 “INFORMATION/DATA CONSISTENCY MUST BE CONTROLLED” ......................................................... 424 

8.3.5.5.3 “NUMBER OF CORRECTIONS REQUIRED TO AMEND INFORMATION/DATA MUST BE ZERO” ................ 424 

8.3.5.5.4 “ERRONEOUS INFORMATION/DATA MUST BE DEALT WITH IMMEDIATELY” ...................................... 425 

8.3.5.5.5 “ACCURACY LEVELS FOR INFORMATION/DATA MUST BE SPECIFIED” ............................................... 425 

8.3.5.6 SECURITY ................................................................................................................ 426 



xx 
 

8.3.5.6.1 “INFORMATION/DATA MUST BE PROTECTED FROM UNAUTHORISED ACCESS” .................................. 426 

8.3.5.6.2 “INFORMATION/DATA MUST BE PROTECTED FROM UNAUTHORISED CHANGE” ................................. 426 

8.3.5.6.3 “INFORMATION/DATA MUST BE BACKED UP REGULARLY” ............................................................... 427 

8.3.5.7 USEFULNESS ........................................................................................................... 427 

8.3.5.7.1 “THE INFORMATION/DATA PRESENTED MUST BE USEFUL TO THE USER” .......................................... 427 

8.3.5.7.2 “INFORMATION/DATA MUST BE USEFUL TO ALL USERS FROM ASTRATEGIC TO ANOPERATIONAL 
LEVEL” ............................................................................................................................................ 428 

8.3.6 MEASUREMENT RESULTS ........................................................................................ 428 

8.4 SUMMARY OF THE RESULTS ...................................................................... 437 

8.5 LIMITATIONS OF THE RESEARCH ............................................................ 442 

8.6 CONCLUSION .................................................................................................... 444 

8.7 RECOMMENDATIONS AND FURTHER RESEARCH ............................... 446 

 

REFERENCES ..................................................................................................................... 448 

 

ANNEXURES ....................................................................................................................... 481 

  



xxi 
 

LIST OF FIGURES 
           PAGE 

FIGURE 1.1: VISUAL REPRESENTATION OF THE SUPPLY CHAIN NETWORK ................................... 9 

FIGURE 1.2: THE CONVEYANCE OF KNOWLEDGE PROCESS ........................................................ 20 

FIGURE 1.3: GRAPHIC REPRESENTATION OF AN IS .................................................................... 27 

FIGURE 1.4: THE SUPPLY CHAIN BALANCED SCORECARD .......................................................... 37 

FIGURE 1.5: THE EFFECTIVE AND EFFICIENT PROVISION AND FLOW OF INFORMATION TO THE 
USER. .................................................................................................................... 45 

FIGURE 1.6: CHARACTERISTICS OF ACCOUNTING INFORMATION ............................................... 47 

FIGURE 1.7: RESEARCH PROCESS ............................................................................................ 547 

FIGURE 2.1: TYPES OF SUPPLY CHAINS ...................................................................................... 65 

FIGURE 2.2: THE SUPPLY CHAIN AS A BASIC UNIT ..................................................................... 67 

FIGURE 2.3: THE FIVE MAJOR SUPPLY CHAIN DRIVERS .............................................................. 68 

FIGURE 2.4: FLOW CHART OF THE ORDER PROCESSING SYSTEM ................................................ 73 

FIGURE 2.5: INFORMATION FLOW BETWEEN SUPPLY CHAIN MEMBERS ...................................... 80 

FIGURE 2.6: THE EVOLUTION OF SUPPLY CHAIN MANAGEMENT STRATEGY ............................... 83 

FIGURE 2.7: SUPPLY CHAIN EVOLUTION MODEL ........................................................................ 88 

FIGURE 2.8: RETURN ON INVESTMENT VERSUS CHOSEN STRATEGY ........................................... 96 

FIGURE 2.9: SUPPLY CHAIN OPERATIONS REFERENCE MODEL FOR BUSINESS PROCESS RE-
ENGINEERING ........................................................................................................ 99 

FIGURE 2.10: THE BALANCED SCORECARD ............................................................................. 109 

FIGURE 2.11: THE COMMUNICATION SCORECARD ................................................................... 110 

FIGURE 2.12: BUSINESS MODEL WITH VALUE DIMENSION ....................................................... 114 

FIGURE 2.13:  A VALUE-BASED BSC ....................................................................................... 115 

FIGURE 2.14: STRATEGIC VALUE MAPPING MODEL ................................................................. 117 

FIGURE 2.15: A GENERIC STRATEGY MAP................................................................................ 118 



xxii 
 

FIGURE 2.16: THE SCOR MODEL ........................................................................................... 129 

FIGURE 3.1: INFORMATION CONCEPT MAP ............................................................................... 136 

FIGURE 3.2: SCHEMATIC DIAGRAM OF A GENERAL COMMUNICATION SYSTEM ........................ 143 

FIGURE 3.3: LAYERED INFORMATION MODEL .......................................................................... 155 

FIGURE 3.4: THE CONVEYANCE OF KNOWLEDGE PROCESS ...................................................... 161 

FIGURE 3.5: MEDIATED PERSON-TO-PERSON(S) COMMUNICATION MODEL .............................. 163 

FIGURE 3.6: COMPLEMENTARY APPLICATION OF ERP AND SCM SYSTEMS IN AN INTEGRATED 
SUPPLY CHAIN ..................................................................................................... 166 

FIGURE 3.7: THE KNOWLEDGE PYRAMID ................................................................................ 174 

FIGURE 3.8: A DIFFERENT VIEW OF THE KNOWLEDGE PYRAMID .............................................. 175 

FIGURE 3.9: THE KNOWLEDGE CUBE ....................................................................................... 176 

FIGURE 3.10: THE FOUR STYLES OF KNOWLEDGE .................................................................... 177 

FIGURE 4.1: CONCEPTS OF INFORMATION AND DATA PROCESSING .......................................... 188 

FIGURE 4.2: THE BASIC COMPONENTS OF AN INFORMATION SYSTEM ...................................... 197 

FIGURE 4.3:NETWORK TOPOLOGIES ........................................................................................ 204 

FIGURE 4.4: TYPES OF NETWORKS........................................................................................... 205 

FIGURE 4.5:A SUPPLY CHAIN PLANNING SYSTEM AND SOFTWARE MODULES BASED ON APS .. 212 

FIGURE 4.6: MRP SYSTEM, WITH INPUTS AND OUTPUTS.......................................................... 214 

FIGURE 4.7: STRUCTURE OF AN ERP SYSTEM ......................................................................... 216 

FIGURE 4.8: THE RELATIVE POSITION OF AN MES IN THE INFORMATION SYSTEM HIERARCHY 218 

FIGURE 4.9: STRUCTURE OF AN ADVANCED PLANNING SYSTEM .............................................. 220 

FIGURE 4.10: SUPPLY CHAIN PLANNING SYSTEM ..................................................................... 224 

FIGURE 4.11: THE MODULES OF SAP R/3 ................................................................................ 230 

FIGURE 5.1:MODEL FOR THE DEVELOPMENT AND MAINTENANCE OF A PERFORMANCE 
MEASUREMENT SYSTEM ...................................................................................... 241 

FIGURE 5.2: THE PERFORMANCE MEASUREMENT PROCESS ...................................................... 243 



xxiii 
 

FIGURE 5.3: DIMENSIONS OF PERFORMANCE MEASUREMENT .................................................. 253 

FIGURE 5.4: LEVELS OF PERFORMANCE METRICS .................................................................... 254 

FIGURE 5.5: PROCESS OF IDENTIFYING INDICATORS AND METRICS OF INFORMATION FLOW 
EFFICIENCY ......................................................................................................... 263 

FIGURE 5.6: BSC EXPANDED TO INCLUDE A SOCIO POLITICAL PERSPECTIVE ........................... 267 

FIGURE 5.7: THE KEY PERFORMANCE INDICATORS OF THE COMMUNICATIONS COCKPIT ......... 268 

FIGURE 5.8: THE SUPPLY CHAIN SCORECARD WITH ANADDITIONAL PERSPECTIVE OF 
INFORMATION FLOW EFFICIENCY ......................................................................... 273 

FIGURE 5.9: THE SUPPLY CHAIN SCORECARD WITH SAMPLE INDICATORS OFINFORMATION  . FLOW 
EFFICIENCY .......................................................................................................... 275 

FIGURE 6.1: EXAMPLE PROCESS OF A VIDEO RENTAL SYSTEM ................................................. 300 

FIGURE 6.2: DATA FLOW DIAGRAM OF THE VIDEO RENTAL SYSTEM PROCESS ......................... 301 

FIGURE 6.3: CHARACTERISTICS OF ACCOUNTING INFORMATION ............................................. 321 

FIGURE 7.1: RESEARCH PROCESS FOR THIS STUDY .................................................................. 346 

FIGURE 8.1: SIZE OF RESPONDENT BUSINESSES ACCORDING TO TURNOVER ............................ 368 

FIGURE 8.2: PERCENTAGE OF RESPONDENTS USING AND NOT USING EDI AND/OR INTERNET .. 369 

FIGURE 8.3: USE OF EDI AND/OR INTERNET ACCORDING TO COMPANY SIZE (TURNOVER) ...... 370 

FIGURE 8.4: REASONS FOR NOT USING EDI AND/OR INTERNET ............................................... 371 

FIGURE 8.5: FREQUENCY OF USE OF EDI AND/OR INTERNET ................................................... 371 

FIGURE 8.6: PURPOSE BEHIND THE USE OFEDI AND/OR INTERNET .......................................... 372 

FIGURE 8.7: MAIN ACTIVITIES INVOLVING EDI AND/OR INTERNET USE .................................. 373 

FIGURE 8.8: METHODS OF ORDER PLACEMENT AND RECEIPT .................................................. 374 

FIGURE 8.9: GLOBAL DISTRIBUTION OF SUPPLIERS AND CUSTOMERS ...................................... 375 

FIGURE 8.10: MEDIAN RANKING OF THE BENEFITS OF EDI AND/OR INTERNET AS REGARDS 
PURCHASING AND SELLING. ............................................................................... 377 

FIGURE 8.11: CONTENT OF BUSINESS WEB SITES ..................................................................... 378 

FIGURE 8.12: USE OF EDI AND/OR INTERNET FOR LOCAL SUPPLIERS AND CUSTOMERS .......... 379 



xxiv 
 

FIGURE 8.13: USE OF EDI AND/OR INTERNET FOR FOREIGN SUPPLIERS AND CUSTOMERS ....... 380 

FIGURE 8.14: IMPORTANCE OF EFFICIENT INFORMATION FLOW IN SCM.................................. 381 

FIGURE 8.15: IMPORTANCE OF INFORMATION FLOW MEASUREMENT AND ADDITION OF 
INFORMATION FLOW INDICATORS TO BSC ........................................................ 382 

FIGURE 8.16: USE OF ERP, APS, AND MES SYSTEMS ............................................................. 383 

FIGURE 8.17: USE OF ERP, APS, AND MES SYSTEMS IN TERMS OF COMPANY SIZE ................ 384 

FIGURE 8.18: MODULES OF ERP, APS, AND MES SYSTEMS IN USE ........................................ 385 

FIGURE 8.19: USE OF BAR CODING AND RFID......................................................................... 386 

FIGURE 8.20: CONNECTIVITY BETWEEN SUPPLIER AND CUSTOMER SOFTWARE ....................... 387 

FIGURE 8.21: BENEFITS OF ERP, APS, AND MES SYSTEMS .................................................... 388 

FIGURE 8.22: DEGREE OF FULFILMENT OF EXPECTATIONS BY USE OF ERP, APS, AND MES 
SYSTEMS ........................................................................................................... 389 

FIGURE 8.23: PARETO GRAPH OF METRIC SCORES ................................................................... 434 

FIGURE 8.24: PARETO GRAPH OF METRIC SCORES OF REDUCED DATA SET ............................... 436 

FIGURE 8.25: THE DEVELOPMENT OF INDICATORS AND METRICS FOR THEASSESSMENT OF 
INFORMATION FLOW EFFICIENCY ....................................................................... 445 

  



xxv 
 

LIST OF TABLES 

           PAGE 

TABLE 1.1: CATEGORISATION OF INFORMATION ....................................................................... 16 

TABLE 1.2: INFORMATION FLOW EFFICIENCY MEASUREMENT FRAMEWORK .............................. 42 

TABLE 2.1: SUPPLY CHAIN MANAGEMENT ACTIVITIES .............................................................. 89 

TABLE 2.2: MATRIX OF INTELLECTUAL CAPITAL MEASURES FOR INTANGIBLE ASSET MONITOR
 ............................................................................................................................. 113 

TABLE 2.3: THE SUPPLY CHAIN BALANCED SCORECARD ACCORDING TO SANTOS ET AL. ........ 126 

TABLE 2.4: THE SUPPLY CHAIN SCORECARD ACCORDING TO HUGO ET AL. ............................. 128 

TABLE 5.1: COMPARISON OF COMMUNICATIONS PERFORMANCE MEASUREMENT SYSTEMS ..... 270 

TABLE 6.1: INFORMATION FLOW EFFICIENCY MEASUREMENT FRAMEWORK ............................ 326 

TABLE 6.2: MASTER LIST OF CHARACTERISTICS ...................................................................... 327 

TABLE 7.1: OVERVIEW OF SURVEY QUESTIONS ....................................................................... 350 

TABLE 7.2: PERSONNEL INTERVIEWED IN VARIOUS COMPANIES AND POSITIONS OF COMPANIES 
IN THE TELECOMMUNICATIONS CABLE MANUFACTURER’S SUPPLY CHAIN ............ 362 

TABLE 8.1: RESPONSESINDICATING SUMMARY OF BENEFITS OF USING EDI/INTERNET IN 
PURCHASING. ....................................................................................................... 376 

TABLE 8.2: RANKINGS IN TERMS OF IMPORTANCE OF THE INDICATORS OF INFORMATION FLOW 
EFFICIENCY .......................................................................................................... 394 

TABLE 8.3: MEDIAN IMPORTANCE RATINGS OF THE METRICS FOR EACH INDICATOR ............... 394 

TABLE 8.4: CLUSTER MEMBERSHIP SCHEDULE ........................................................................ 401 

TABLE 8.5: ACTUAL RANKING RESULTS OF INDICATORS IN TERMS OF NUMBERS OF RANKINGS 
RECEIVED IN EACH RANKING CATEGORY .............................................................. 403 

TABLE 8.6: ACTUAL RANKING RESULTS OF INDICATORS IN TERMS OF % OF RANKINGS RECEIVED 
IN EACH RANKING CATEGORY .............................................................................. 403 

TABLE 8.7: RETAINED INDICATORS AND METRICS OF INFORMATION FLOW EFFICIENCY .......... 406 

TABLE 8.8: RESULTS OF THE MEASUREMENTS OF INFORMATION FLOW EFFICIENCY ................ 430 

TABLE 8.9: FINAL AVERAGED RESULTS OF THE MEASUREMENTS OF INFORMATION FLOW 
EFFICIENCY ........................................................................................................... 431 



xxvi 
 

TABLE 8.10: VARIANCES OF METRIC SCORES BETWEEN ORGANISATIONS ................................ 433 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xxvii 
 

LIST OF COMMONLY USED ABBREVIATIONS AND ACRONYMS 
 

3PL  - Third party logistics 

AI  - Artificial intelligence 

APS  - Advance planning and scheduling 

ATP  - Available-to-promise  

B2B  - Business-to-business 

BPM  - Business process management 

BSC  - Balanced scorecard 

CBIS  - Computer-based information system 

CCS  - Corporate communications scorecard 

CMC  - Computer mediated communication 

CPFR  - Collaborative planning, forecasting and replenishment 

CRM  - Customer relationship management 

CRP  - Capacity requirement planning 

CSC  - Communication scorecard 

DEA  - Data envelopment analysis 

DFD   - Data flow diagram 

DIKW  - Data-information-knowledge-wisdom (hierarchy) 

DRP  - Distribution resource planning 

DSS  - Decision support system 

EDI  - Electronic data interchange 

EDMT  - Effective decision-making theory 

ERP  - Enterprise resource planning 

ES  - Expert systems 

EVA  - Economic value added 

IS  - Information system 

IT  - Information technology 

KPA  - Key performance area 

KPI  - Key performance indicator 

LIS  - Logistics information system 

MES  - Manufacturing execution system 

MIS  - Management information system 



xxviii 
 

MPS  - Master production scheduling 

MRP  - Material requirement planning 

MRPII  - Manufacturing resource planning 

PMF  - Performance measurement framework 

POS  - Point-of-sale data 

RFID  - Radio frequency identification 

ROI  - Return on investment 

SC  - Supply chain 

SCE  - Supply chain execution 

SCM  - Supply chain management 

SCO  - Supply chain orientation 

SCOR  - Supply chain operations reference model 

SCP  - Supply chain planning 

SCPM  - Supply chain performance measurement 

SCS  - Supply chain scorecard 

SDI  - Standard definition of information 

SIS  - Supply chain information system 

SRM  - Supplier relationship management 

VMI  - Vendor managed inventory 

WIP  - Work-in-progress 

  



xxix 
 

DEFINITIONS 
 

Communication: Communication is the flow or transfer of information from a sender to 

a receiver via a channel,subject to noise as well as the encoding and 

decoding of the message in terms of the frames of mind of the sender 

and receiver. 

 

Information: Information is a collection of facts organised in such a way that they 

have additional value beyond the value of the facts themselves 

 

Information flow: Information flow is the transfer of information between two or more 

persons or entities, or between persons and entities, from the point of 

higher information content to the point of lower information content. 

 

Information flow  

efficiency: Information flow efficiency is the timely, unencumbered, cost 

effective, and secure flow of correct, agreeable, understandable and 

correctly formatted information. 

  

Supply chain: Supply chain generally refers to a set of three or more companies 

directly linked by one or more of the upstream and downstream flows 

of products, services, finances and information from a source to a 

customer. 

 

SCM: Supply chain management generally refers to as the management 

activities relevant to a supply chain. 

 

Key performance   

Indicator: A financial or non-financial quantifiable measurement 

indicator(KPI)that reflects the critical success factor (key activity) of 

anorganisation or supply chain. 

 



xxx 
 

Indicator: According to the International Institute for Sustainable Development 

 (IISD), "[a]n indicator quantifies and simplifies phenomena and helps 

us understand complex realities. Indicators are aggregates of raw and 

processed data but they can be further aggregated to form complex 

indices" (http://hostings.diplomacy.edu/ 

baldi/malta2001/statint/Statistics_Int_Affairs-27.htm). 

For the purpose of this study, an indicator is referred to as a financial 

or non-financial measurement that may consist of one or more metrics 

which, when evaluated together, provide a quantifiable measurement 

for one specific sub-section of the entire information flow perspective. 

 

Metric: A metric is the measurement of a particular characteristic of an 

activity’s performance or efficiency. 

 

Synergy: Synergy is the effect of interactions between the elements of systems, 

which produce results, which are greater than the sum of the results of 

the individual actions of each element in isolation. 

http://iisd.ca/
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CHAPTER 1 
INTRODUCTION 

 

 

1.1 OVERVIEW   
 

The business environmentin which organisations operate today is everchanging 

and, in addition,it is becoming more and more complex. Organisations, both 

private and public, are experiencing increasing pressures that areforcing them to 

respond quickly to changing conditions and to be innovative in the way in which 

they operate (Turban, Aronson, Liang& Sharda, 2007:3). Speed of reaction, order 

accuracy, visibility of product flow, low to just-in-time inventories, operational 

flexibility, sustained quality and a reputation for hassle-free business processes are 

becoming the price of entry for doing business today (Bauer,Poirier, Computer 

Sciences Corporation, Lapide, Bermudez& AMR Research, 2001:1–3). In addition, 

customers are placing a high value on these characteristics, which have become the 

basics for successful business today. 

 

Iforganisationsare to become more flexible and reliable, it is essential that they 

recondition themselves and adopt new strategies (Turban et al., 2007:3). In 

essence, the task of a supply chain in servicing a slow-moving, industrial mass 

market has been transformed into the challenge of servicing a fast-paced, 

fragmented general market. This situation is depicted in figure 2.6in chapter 2 

(Mentzer, 2001:13; Hugos, 2006:21). 

 

According to Stadtler and Kilger (2008:21), supply chain management (SCM) 

attempts both to integrate organisational units along a supply chain and to 

coordinate material, information and financial flows in order to meet (ultimate) 

customer demands with the aim of improving the overall competitiveness of the 

supply chain. 

 

The successful realigning of a supply chain depends largely on the use of efficient 

communication and information technology. In order to assist this process, 

software providers started supplying material requirements planning (MRP) and 
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resource requirements planning (MRPII) programs. However, these programs were 

quickly developed into enterprise resource planning (ERP) and advanced planning 

and scheduling (APS) software, and also into supply chain planning (SCP) and 

supply chain execution (SCE) software. Hugos (2006:131) contends that the use of 

supporting technology is essential for effective supply chain operation. All 

information systems comprise technology that performsthe following three main 

functions, namely, data capture and communication, data storage and retrieval and 

data manipulation and reporting. Different supply chain systems have different 

combinations of capabilities in these functional areas andspecifically include 

enterprise resource planning (ERP), customer relationship management (CRM) and 

manufacturing execution systems (MES). Stadler and Kilger (2008:109,182,270–

271,275–282) also mention the use of advanced planning and scheduling (APS), 

inventories available-to-promise (ATP), collaborative planning, forecasting and 

replenishment (CPFR) and vendor managed inventories (VMI). 

 

Based on the attempt to integrate all players within a supply chain, including the 

suppliers’ supplier and the customers’ customer, a supply chain may, thus, be seen 

as a network of organisations, linked by one or more of the upstream and down-

stream flows of products, services, finances and information (Mentzer, 2001:6; 

Monczka, Handfield, Guinipero, Patterson & Waters, 2010:6–9). 

 

However, Mentzer (2001:6) and Lambert (2008:197) point out that supply chains 

exist as a phenomenon in business, whether they are managed or not. The 

management of the supply chain, however, entails overt management efforts on the 

part of the organisations within the supply chain. According to Hugos (2006:4–6), 

supply chain management requires continuous decisionmaking in five distinct areas 

ī production, inventory, location, transportation and information ī by each of the 

supply chain members, both individually and collectively. The sum of these 

decisions will define the capabilities and effectiveness of the entire supply chain. In 

order to make the necessary decisions in the five key areas, there is one key area 

that receives considerably more attention than the others, namely, information and 

information transfer or flow. Both information and the efficient flow of 

information provide the basis for all decisionmaking and, therefore, connect not 
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only the other four key areas but all the key activities and operations in the supply 

chain (Hugos, 2006:15–16).  

 

Information is required mainly to coordinate the daily activities relating to the 

functioning of the other four key areas ī production, inventory, location, and 

transportation ī and also as regards forecasting and planning in order to anticipate 

and meet future demand. In order to provide the relevant parties with information, 

the information collected at certain points in the supply chain has either to be 

transferred or to flow efficiently between the functions of an organisation and 

between the member organisations of the supply chain (Hugos, 2006:16).In 

addition, it is essential that the information be accurate, comprehensive and 

provided in a timely manner. However, efficient information flow as well asthe 

accuracy, reliability and comprehensiveness of the information are directly 

associated with the effective interoperability between the various applications and 

entities handling this information. Achieving interoperability means a faster 

information flow, and a more effective decision-making process (Tyrinopoulos, 

2004:101). 

 

Jain (2004:4–5) argues that information constitutes one of the most important 

assets of an organisation. Consequently, managing information strategically must 

be a high priority for any organisation that wants both to compete and to win in the 

marketplace. In addition, the importance of information increases significantly, if 

the correct kind of information is available to decision makers at the right time, for 

the purposes of decision making, problemsolving and investigation.Jain (2004:5) 

asserts that it is essential that an undistorted information flow exist throughout an 

organisation. It is, thus, important that organisations adapt the use of technology to 

record business transactions, create operations-oriented databases, facilitate 

centralised data collection, and provide decision-making support. 

 

Information may be either useful or not useful. It may consist of raw data or 

interpreted versions of raw data, depending on a person’s frame of understanding. 

In addition, it must not be assumed that information flows unrestrictedly as 

personal interests, personality traits and incompatible or non-existent technology 

may interfere with the transfer of information from one point to another. The 
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inability to transfer information correctly to where it is required and when it is 

required will definitely impact significantly on the decision making in the other 

four key areas, as listed above, and, therefore, on the performance of the entire 

supply chain. 

 

Key performance indicators were developed in order to assess the performance of a 

business and, in particular, of a supply chain. Traditionally, key performance 

indicators were financially oriented and concentrated solely on the financial 

performance of an organisation. During the 1990s, Kaplan and Norton developed a 

balanced scorecard (BSC) suggesting a performance measurement framework that 

had evolved into a strategic management framework. 

 

Kaplan and Norton investigated the cause-and-effect relationship between the 

different perspectives of a business and developed the BSC performance 

measurement framework. This framework includes four distinct perspectives, 

namely, finance, internal business processes, customer perspective, and learning 

and growth. The framework was also used to measure supply chain performance in 

the form of a supply chain scorecard. In particular, metrics such as order 

fulfilment, processing and forecasting accuracy, supply chain response time, total 

supply chain cost, inventory turns and others, were proposed (Swink, Melnyk, 

Cooper & Hartley, 2011:42).  

 

 

It thus follows that, in the same way that information and information flow form an 

important element of managing an organisation, both information and information 

flow are important for the management of the supply chain ī seedetailed 

discussion in section 2.2.2 in chapter 2. However, the information flow in and 

between organisations is more complicated than the information flow in a single 

organisation. 

 

Accordingly, in this study, information flow efficiency will be explored as a main 

contributor to supply chain performance. In addition, indicators and metrics with 

which to evaluate information flow efficiency in a supply chain will be identified. 

Information flow efficiency indicators and metrics will, therefore, contribute to the 
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understanding of supply chain performance, in conjunction with the existing supply 

chain performance indicators and metrics, which are, amongst others, based on an 

efficient information flow.    

 

In an attempt to identify the current potential evaluation criteria to evaluate 

information flow efficiency, it was found that it was not possible to identify other 

literature or studies which deal specifically with the measurement of information 

flow efficiency in supply chain management. 

 

1.2 SUPPLY CHAIN MANAGEMENT AND INFORMATION FLOW 
 

1.2.1 Introduction 
 

 In this section the concepts of supply chain, supply chain management and 

information flow and its importance will be explored. Related concepts and 

theories will also be explored with the aim of learning from other disciplines and 

developing new insights into the particular information flow and the measurement 

of the efficiency of information flow in the supply chain. Accordingly, besides 

exploring supply chain, supply chain management and information flow, this 

section will also explore communication theories, information systems and 

performance measurement.  

  

1.2.2 Supply chain and supply chain management 

 

1.2.2.1 The development of supply chain management (SCM) 

 

The term supply chain managementevolved in the late 1980s,but came into 

widespread use in the 1990s (Hugos, 2006:2). The main reason for the 

development of supply chain management was the effect of the drastic changes 

which took place in the business environment in the last 30 years and, specifically, 

during the 1990s. 

 

From a historical perspective, during the 1960s, companies began to develop 

specific marketing concepts in orderboth to capture customers and to harness 
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customer loyalty. In the 1970s, in an attempt to make products more readily 

available to their customers,the focus of businesses shifted to logistics and physical 

distribution management (Habib, 2010:82; Hugo, Badenhorst-Weiss & Van Biljon, 

2004:3–4). In the 1980s,the emphasis was on manufacturing with organisations 

being required to become more flexible and responsive in order both to modify 

existing products and processes and to reduce cycle times and costs so as to meet 

the ever-changing customer needs (Handfield & Nichols, 2002:3; Simchi-Levi, 

Kaminsky & Simchi-Levi, 2009:7). In addition, a growing information technology 

and software market provided new software such as materials requirements 

planning (MRP) and distribution requirements planning (DRP) to support 

operations in an endeavour to increase value for the customer. This development 

continued into the early 1990s, when MRP and DRP were merged with financial 

transactions and accounting principles into enterprise resource planning (ERP) 

systems, as all-encompassing business solutions. 

 

The 1990s were also distinguished by the development of strategic logistics 

management as a critical business activity. The emphasis of logistics moved from 

internal efficiency to external relationships with the supply chain partners (Simchi-

Levi et al., 2009:7–9). The reason for this paradigm shift may be found in the 

profound changes taking place in the business environment. These changes 

includedthe following (Hugo et al., 2004:4): 

 

- Increasing national and international competition 

- Growing number of strategic alliances between organisations 

- Organisational structures starting to align with business processes 

- Manufacturing system enhancements through MRP and ERP 

- Growing appreciation on the part oforganisations for the total cost 

focus from source to consumptions 

- Reduction in number of suppliers 

- Outsourcing of non-core activities 

- Sharing of information between vendors and customers 

- Shift from mass production to customised products. 

 



7 
 

The consequence of these changes was the realisation that, a single organisation 

does not have the technology and resources available to satisfy customer demand, 

and that member companies of a supply chain have a decisive role to play in fully 

understanding and meeting customer requirements. As a result, the member 

organisations of a supply chain began to collaborate and integrate their 

management, processes and infrastructure across organisational borders (Hugo et 

al., 2004:4; Lambert 2008:1–3). Further progress in information technology 

enabled organisations to share information ī one of the most critical factors in 

building integrated supply chains.   

   

From the above discussion it is clear that the new management philosophy, which 

has been termed supply chain management, encompasses the traditional functions 

such as logistics but, in addition,extends further to include activities such as 

customer service, new product development, marketing and finance across the 

organisational borders while considering the supply chain as a single entity 

(Hugos, 2006:4).  

 

1.2.2.2 The supply chain concept 

 

Trkman and Groznik (2006:38) define a supply chain as the integration of key 

business processes from end user through to the original suppliers that provide the 

products, services and information that add value for the customer as well as other 

stakeholders. Material and information flow both up and down the supply chain. 

Thesekey business processes or supply chain activities include new product 

development, system management, operations and assembly, purchasing, 

production scheduling, order processing, inventory management, transportation, 

warehousing and customer service. Supply chains are, essentially, a series of linked 

suppliers and customers. Every customer is, in turn, a supplier to the next 

downstream organisation until a finished product reaches the ultimate customer.  

 

This view is widely shared by other writers such as Lambert (2008:4), Burt, Dobler 

and Starling (2009:7) and Hautala (2010:9), who describethe supply chain network 

as the sum of all the organisations participating in such a chain and extending from 

the raw materials to the ultimate consumer. According to Dong (2001:1–2), a 
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supply chain may also be defined as a system of suppliers, manufacturers, 

distributors, retailers and customers, in which materials flow downstream from 

suppliers to customers,while information flows in both directions. Angerhofer and 

Angelides (2000:343) define the supply chain as a system of which the constituent 

parts include material suppliers, production facilities, distribution services and 

customers which are all linked together via the feed-forward flow of materials and 

the feedback flow of information. Pedroso and Nakano (2007:1) and Mentzer 

(2001:5) define the supply chain as a set of three or more companies directly linked 

by one or more of the upstream and downstream flows of products, services, 

finances and information from a source to a customer. Similarly, Webster (2008:4) 

describes a supply chain as two or more parties linked by a flow of resources, 

typically material, information and money. 

 

Coyle,Bardi and Langley (2003:18-19) refer to the supply chain concept as a 

“series of integrated flows that must share information and physical products to 

ensure a smooth, integrated flow …” and requiring the presence of information if 

the supply chain is to function successfully. 

 

Govil and Proth (2002:7) define the supply chain in a similar manner, while clearly 

emphasising the need to “improve the flows of material and information between 

suppliers and customers at the lowest cost and highest speed …”, thus also 

referring to efficiency in the information flow. 

 

Hugo et al. (2004:6–8) cite several definitions of the supply chain, while clearly 

stipulating the requirement and necessary existence of information flows. One of 

these definitions, namely, “The supply chain encompasses all activities associated 

with the flow and transformation of goods, … as well as the associated information 

flows …” emphasises the information flow directly, whereas other definitions infer 

the existence of the information exchange by referring to “integration” and “up and 

down-stream linkages” which are, in turn, managed mainly by information systems 

management activities. 

 

The above perspectives on the concept of the supply chain illustrate the 

interdependence or cooperation between vertically linked organisations in terms of 
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which the information flows in both directions are vitally important. However, in 

view of fact that an organisation may be part of numerous supply chains and at 

different levels, it is not possible to regard the supply chain structure as a 

straightforward chain in all cases (Lambert, 2008:3).  

 

Based on the definitions cited above, the supply chain may be graphically 

represented as is shown in figure 1.1 below.  

 

 
  

Figure 1.1: Visual representation of the supply chain network 

Source: Adapted from Lambert (2008:4) and Pedroso and Nakano (2007:4) 

 

In essence, the representation in figure 1.1 above depicts the integration of all the 

activities involved in the flow of materials and services and as well as illustrating 

that the supply chain consists of customers, manufacturing facilities, distributors, 

suppliers, processes, products and information (Lambert, 2008:4), and is also 

focused on customer value creation. 
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According to Mentzer (2001:5–7) and Hautala (2010:9),there are different types of 

supply chain. These range from the most basic type, represented by a company, an 

immediate supplier and an immediate customer, to the extended supply chain, 

which includes suppliers of an immediate supplier and customers of an immediate 

customer, all linked by one or more of the upstream and downstream flows of 

products, services, finances and information, to the ultimate supply chain. The 

ultimate supply chain includes all the companies involved in all the upstream and 

downstream flows of products, services, finances and information from the initial 

supplier to the ultimate customer. Mentzer (2001:6–7) and Lambert (2008:3–4) 

further conclude that a supply chain may grow to include complex networks. 

Mentzer (2001:6–7) also points out that that such supply chains do, in fact, exist, 

whether they are managed or not. Accordingly, it is possible to draw, a definite 

demarcation between supply chains as phenomena that exist in business, and the 

purposeful management of those supply chains, with the latter being characterised 

by overt management efforts on the part of the organisations within the supply 

chains. Supply chain management and its role in the supply chain will be discussed 

in the following sections.     

 

1.2.2.3  The concept of supply chain management (SCM) 

 

The second issue requiring elucidation is SCM. If the management principles, as 

discussed by Hugo, Badenhorst-Weiss, Van Biljon and Van Rooyen. (2006:3–

5,59–60), are taken into account, it follows that supply chain management must 

deal with planning and organising the entire supply chain as well as providing the 

necessary resources and leadership. In addition, SCM also involves taking 

appropriate action in cases of deviation in such a way that the outcome of the 

whole is greater than the sum total of the outcomes of the individual areas covered 

by the supply chain. This approach is based on the fact that the individual areas of 

the supply chain represent a system of open subsystems that require integration. 

Angerhofer and Angelides (2000:343) define supply chain management as a 

process-oriented, integrated approach to procuring, producing and delivering 

products and services to customers. According to them, integrated supply chain 

management covers the management of material, information and fund flows. 
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However, according to Salo andKarjaluoto (2006:20), supply chain management is 

the integration of key business processes from the end user through the original 

suppliers, with this integration providing products, services and information that 

add value for both customers and stakeholders. 

 

Webster (2008:5)perceives SCM as encompassing the planning and management 

of all activities involved in sourcing and procurement, and conversion,as well as all 

the logistics management activities including the coordination and collaboration 

with channel partners. These channel partners may be suppliers, intermediaries, 

third party service providers and customers. In addition, Webster (2008:5)details 

logistics management as that aspect of supply chain management that plans, 

implements and controls the efficient and effective forward and reverse flow and 

storage of goods, services and related information between the point of origin and 

the point of consumption. 

 

All the definitions cited above embrace the requirement pertaining to the 

integration of the processes from the original supplier to the end-users and as well 

as includingthe management of information flow. Pedroso andNakano (2007:1–2) 

also include the flow of funds.  

 

The phenomenon of increased efficiency as a result of integration is commonly 

referred to as synergy, and may be included to enhance the definition of supply 

chain management.  

 

In conclusion, the concepts of supply chain and supply chain management have 

been discussed above. The supply chain was found to consist of a network of 

organisations which are connected through flows of material, services, funds and 

information. Supply chain management reflects the overt management efforts of 

the member organisations of the supply chain to manage the flows so as to 

optimise customer value. During the discussions on SC and SCM it became 

apparent that both information and the efficient flow of information have a crucial 

role to play in the establishment of integrated supply chains. The importance of the 

information flow in the supply chain is embedded in the various definitions of 
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supply chain and supply chain management as described by the many authors 

highlighted in sections1.2.2.2 and 1.2.2.3.  

The importance of information flows between the entities of the supply chain has, 

further, been singled out as a cohesive force in the supply chain. Information 

sharing and the complex linkages, vital to the functioning of the supply chain, 

would be impossible without modern information flows. In fact, during the 

previous discussions it was emphasised that it is regarded as essential that 

information sharing occur on a real-time basis in order to decrease the uncertainty 

between the members of the supply chain and to lead to a smoother and more 

efficient functioning and integration of the supply chain.  

 

1.2.2.4 Impact of information and information flow on supply chain performance 

 

The importance of measuring the efficiency of the information flow in a supply 

chain will become obvious in the following discussion on the negative effects of 

poor information flow and the benefits of an efficient flow of information in a 

supply chain. 

 

Busch (2011:2) and Simchi-Levi et al. (2009:154-165) emphasisethe necessity of 

collaboration between the entities of the supply chain. Theyargue that supply chain 

information which has been derived from the supply chain entity either 

immediately ahead or in front of an individual supply chain partner only, may lead 

to the bullwhipeffect. In addition, Busch (2011:2) attributes increasing errors in 

forecasts to diminishing data quality in those instances where each supply chain 

partner plans individually without a supply chain-wide data exchange.  

 

Derrick (2003:1) and Trkman andGroznik (2006:38) describe the bullwhipeffect as 

the ever-larger ripples in demand forecast errors that travel back through the supply 

chain and which is caused by slight discrepancies between individual company 

demand forecast and real demand. Derrickbelieves that companies do share 

information, but of a limited nature and scope, thus leading to the bullwhip effect. 

Simchi-Leviet al.(2009:158) maintain that the reasons for the bullwhip effectmay 

be found in the lack of demand information at each stage of the supply chain. 

According to them, the longer an organisation takes to respond to changes in the 
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primary customer demand, in terms of passing the correct information ontimeto 

either the next or the previous tier, the higher the variability in the forecast order 

quantities in that tier. The bullwhip effect is, thus, a direct consequence of a lack of 

real-time information sharing and efficient information flow through the entire 

supply chain. 

 

Lee and Whang (2001:1–15) and Simchi-Levi et al. (2009:154–165) describe the 

benefits of sharing information in an integrated supply chain. These benefits 

include: 

  

- Reduced bullwhip effect 

- More effective forecasts 

- Faster response and reduction in lead time 

- Lower cost 

- Better capacity utilisation 

- Improved service 

- Better asset utilisation 

- Higher efficiency 

 

Susarla, Barua, Konana andWhinston (2004:1–4) are of the opinion that 

information sharing impacts significantly on operational performance, on 

operational metrics and on the operations of upstream organisations (i.e. 

manufacturers and suppliers). 

 

Besides the importance of an efficient information flow, it is also clear from the 

various contributions that it is essential that the information flow be managed in 

SCM with the measurement of efficient information flow forming an integral part 

of the management of information flow. Hence, it is the aim of this study both to 

explore and to make a contribution to the measurement of information flow 

efficiency in SCM. Accordingly, the two main focus points of this study will be 

information flow and the measurement of the efficiencyof information flow. 
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1.2.3 Information flow in the supply chain 

 

1.2.3.1  Introduction 

 

It will emerge from the literature review on information in chapter 3 that the “flow 

of information” is closely connected to and is, in fact, almost inseparable from the 

concepts ofknowledge and communication. Logical reasoning will conclude that 

there will be no meaningful flow of information if knowledge is not transferred or 

if there is no communication. Information flow and the concepts closely related to 

it will be analysed in this section. 

 

1.2.3.2 Perspectives on information  

 

It is clear from theliterature that information may be defined in various ways, 

depending on the primary context. For example, Boisot and Canals (2004:1) 

contend that information is often associated with data, whereas other writers 

associate information with knowledge. Reeker and Jones (2002:1) argue that a new 

characterisation of information is necessary, one which delineates the salient 

properties of information, quantitative measures for those properties, methods for 

computing these measures and linkages between the measures and system 

performance. This section will, thus, explore the various views on the concept 

ofinformation. 
 

The National Institute of Standards and Technology (NIST) has offered a general 

definition by stipulating that information refers to “any communication or 

representation of knowledge such as facts or data, in any medium or form, 

including textual, numerical, graphical, cartographic, narrative or audiovisual 

forms” (National Institute of Standards and Technology (NIST), 2010:1-2). 

 

Reeker and Jones (2002:5–6) contend that information requires a physical 

component which, in turn, characterises a possible transmission of information and 

a component of meaning which, ultimately, synthesises meaning into information.  
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Boisot and Canals (2004:7) define information as follows: “Information is an 

extraction from data that, by modifying the relevant probability distributions, has a 

capacity to perform useful work on an agent’s knowledge base.” This definition 

embraces the fact that information is extracted from data and, thus, is not equal to 

data, and that it must be useful in the sense that it increases knowledge.  

 

Stair andReynolds (2011:5) define information as “a collection of facts organized 

in such a way that they have additional value beyond the value of facts 

themselves”. According to them, information may be extracted from data by 

applying either a transformational process or a set of logical, related tasks 

performed in order to achieve a defined outcome to the data, which 

involvesapplying knowledge by selecting, organising and manipulating data (Stair 

& Reynolds, 2011:5–7).In other words, information is data in a transformed, usable 

state. 

 

This definition reflects the context within which this research is conducted. 

Accordingly, for the purposes of this study,information will be defined as follows: 

 

Information is a collection of facts, organised in such a way that they have 

additional value beyond the value of the facts themselves. 

 

 It is possible to derive from this definition of information a definition of supply 

chain information in order to contextualise this study of information in supply 

chain management: 

 

 Supply chain information is represented by a collection of facts about the 

supply chain, and structured and interpreted in such a way that they have 

additional value beyond the pure facts and data themselves.  

  

However, in order to obtain greater insights into the other dimensions of the 

concept of information, it may be necessary to explore the various ways in which 

information is categorised. 
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According to Reeker and Jones (2002:6–7), information is transmitted in two 

different components. Firstly, as outlined above, there is a physical component ī 

the so-called potential information īwhich is capable of transmitting information, 

but without attaching any meaning to the information. The second component has 

been termed mediate informationand it is through this component that the potential 

information becomes meaningful. These components are clearly depicted in figure 

1.2 and in table 1.1. 

 

Meriluoto (sa:4) categorises information on the basis of probability interpretation 

and qualitative interpretationwiththe probability interpretation providing physical, 

syntactic and semantic information, whereas the qualitative interpretation provides 

pragmatic, epistemic, doxastic, modal, data-derived and meta-information. An 

exposition of this categorisation of information is depicted in table 1.1. 

 

Physical information represents the orientation degree of systems and is the 

opposite of entropy. Syntactic information is attached to communication in any 

channel where notation systems are used. Semantic information refers to the 

philosophy of signs that deals with meanings. 

 

Pragmatic information is expressive or knowledge-related information and is 

related to the significance of the information to the persons that receive the 

information while epistemic information relates to information such as general 

knowledge and scientific information. Doxastic information pertains to beliefs, 

thoughts, judgements, opinions, desires and wishes. We may knowthat something 

is as stated by information and we may also believe that something is so, but such 

belief may be true, false or both. Modal information refers to absolute values or 

norms, commands or questions while data-derived information requires the 

processing of raw data in accordance with certain procedures or algorithms, in 

order to arrive at this specific information. Meta-information, on the other hand, is 

a crucial component of organisational system strategy and it provides data either 

about the data itself or the media where the data is stored and retrieved. 

 

Table 1.1: Categorisation of information 
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Main category Sub-category Authors 

Meaningful information Potential 

Mediate 
Reeker & Jones 

Probability 

interpretation 

 

 

Qualitative 

interpretation 

Physical 

Syntactic 

Semantic 

 

Pragmatic 

Epistemic 

Doxastic 

Modal 

Data-derived 

Meta information 

Meriluoto 

 

Source: Compiled from Reeker andJones (2002:10) and Meriluoto (sa:4) 

 

Different categories of information may be found in supply chain management. 

The transmitters and receivers of information are required to send information 

between the entities of the supply chain. In addition, words and sounds, which 

form part of mediate information, are necessary in order to relay meaning. It is 

clear that potential and mediate information form part of the categories found in the 

supply chain. The qualitative interpretation dimension of supply chain information 

is evident as a result of the importance of relationships and interdependence in 

supply chain management. Accordingly, the information within the supply 

chainmay also be categorised as pragmatic, epistemic, data-derived and meta 

information as thisinformation also includes general knowledge, scientific 

information and processed data.  

 

Following the definition and typology of information, the central concept and 

actual object of this research, information flow, will be dealt with in the next 

section.  

1.2.3.3   Information flow and related concepts 
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The flow or exchange of information is often used to model communication 

(Jonker, Treur & Wijngaards, 2000:1). Huhtinen and Ojala (2001:6) offer the 

following definition of communication which is specifically relevant to the 

business environment, namely, communication is “the transfer of information 

between two or more persons or larger entities, such as the departments of an 

organisation or within an organisation”. Accordingly, communication may be 

considered as the activity of conveying information (WordReference.com; 

http://www.Wordreference.com/ definition/communication).  

 

Reeker and Jones (2002:10) expand on the definition of communication by 

differentiating between potential information and mediate information. According 

to them, potential information encompasses the physical dimension of information. 

The physical transmission of symbols via a communication channel may be 

described in terms of Shannon’s information theory (Shannon, 1948:379–423, 

623–656). Shannon (1948:379–423) dealswith communication in a purely 

mathematical manner and provided a numerical measurement for the quantity of 

information processed or transmitted in terms of bits. He concurs that the messages 

transmitted during communication processes frequently have meanings although 

these meanings areirrelevant to the mathematical considerations of information. 

According to Reeker and Jones (2002:5), the physical part of information 

constitutes a carrier only for what is actually meaningful, while meaningfulness 

lacks a satisfactory theoretical basis. The theoretical construct dealing with the 

meaningful dimension of information has been termed mediate information 

(Reeker &Jones, 2002:5).  

 

In order to illustrate these concepts graphically, figure 1.2 depicts a model for 

conveying knowledge. This model is an extension of the historical communication 

model as described by Shannon (1948:379–423, 623–656).  

 

Figure 1.2 depicts a simple transfer process of information from one person to the 

next person. The transfer process is illustrated usinga spoken utterance as an 

example of potential information. This spoken utterance is, transferred by sound 

waves while the mediate information comprises certainnotions of the relevant 

http://www.wordreference.com/%20definition/
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mediate information in order to render the potential information meaningful. The 

mediate information converting the potential information into meaningful 

information partiallycomprises a set of conventions commonly held by the speaker 

in the belief that the listener would interpret the information using the same 

conventions. Although most mediate information is stored in the minds of the 

communicators, some of it may arrive simultaneously with the spoken utterance, 

for example, non-linguistic information. By passing meaningful information 

through filters tuned by the cognitive and affective expectations of the 

communicators, their existing knowledge base will be broadened. 

 

Boisot and Canals (2004:2) contend that information is necessary in the formation 

of knowledge. However, knowledge may be derived from information only if 

sufficient contextual background knowledge exists, with this contextual 

background knowledge allowing for further interpretation of the information 

received. Accordingly, only the existence of prior knowledge will allow for a 

change in the current state of knowledge, and for the appropriate adaptive action. It 

is, however, clear that, in order to broaden the knowledge base, a priori transfer or 

flow of information has to occur. 
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Figure 1.2: The conveyance of knowledge process 
Source: Reeker and Jones (2002:10) 

 

Learning in terms of an individual as well as an organisation is another important 

related concept related to information theory and information flow. Accelerated 

environmental changes are, increasingly, pushing organisations to evolve, to adapt 

and to be flexible. However, this process requires the management of existing 

knowledge as well as the exploration of new knowledge (Castiaux, 2004:1). The 

exploration or creation of knowledge is important as it creates new ideas and 

practices that need to be shared (Newell, 2005:276). According to Husman 

(2001:3), knowledge constitutes input into learning. In other words, knowledge 

transfer in many cases generates new learning. Organisational learning is 

important to organisations as it allows organisations to renew themselves, innovate 

and, possibly, enjoy first mover advantages (Husman, 2001:3). However, as 

depicted in figure 1.2, this research study will deal with the information flow and 

communication from person-to-person within and between organisations in supply 
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chains, with or without the aid of electronic systems. This study is, therefore, not 

directly concerned with the creation of new knowledge, but with the efficient flow 

and sharing of information. In the literature the capture, codification and 

distribution of knowledge and information has been termed first generation 

knowledge management (KM) (McElroy, 2000:199).  

 

Information technology is widely used in the capture, storage, retrieval and access 

of current information and knowledge and this, in turn, has led to the data 

warehousing, document management, imaging and data mining applications of 

today (McElroy, 2000:199). However, it is clear that the use of such applications 

requires a strong interaction and communication between humansbeings and 

computer technology. 

 

Piltz (2001:1–12) and Grooms (2003:1–3) describe human/electronic 

communication as computer-mediated communication (CMC). They further define 

this computer-mediated communication as “synchronous and asynchronous 

communication using text messages sent via the computer” and “the interpersonal 

communication with the assistance of computers as a transfer medium, transferring 

spiritual or intellectual content via two spatially separated computers or terminals, 

connected to a central computer by means of cables”.    

 

According to Piltz (2001:3), the main difference between person-to-person 

communication and CMC is the fact that the communication between persons, in 

the case of CMC, is limited to a visual, textual channel which lacksboth the direct 

cognitive perception and observation of the communication partner and the 

situational, physical and social context. 

 

The following basic applications form part of CMC (Piltz, 2001:3): 

 

- Electronic messages 

- Electronic mail (e-mail) 

- Electronic discussion forums  

- Computer conferences 
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In view of the fact that these forms of communication have readily become part of 

the communication within the supply chain, they are used to transfer information ī 

the focus of this research study. Another important aspect of CMC isthe computer-

created reports that originate from information systems. These systems will be 

described in the next section.   

 

1.2.3.4 Influences determining information flow efficiency 

 

Information flow and its related concepts have been defined in the sections above. 

In addition, the importance of an efficient information flow was emphasised in 

section 1.2.3.3. However, it is important to stress, that the flow of information in 

business organisations, and particularly in supply chains, affects productivity and 

innovation because it determines the speed with which individuals are able to act 

and to plan future activities (Wu,Huberman, Adamic& Tyler 2004:1). 

 

Information flow and the control thereof involves numerous heterogeneous 

technologies, including, but not limited to, computers, printers, digital image 

archiving systems, electronic records, paper-based records and human speech 

(Moser, 2004:9). 

 

Scala Business Solutions NV (2004:7) emphasises that it is vital for a supply chain 

that crosses multiple companies to generate value so that the individual participants 

are able to see, in near real time, the upstream demand and downstream supply. 

This implies that systems need to communicate and to be able to share information, 

both internally and externally. Traditional, paper-based transactions are becoming 

increasingly obsolete. Accordingly, most of the required information should be 

recorded electronically and the associated transactions should be performed with a 

minimum of human intervention. In a perfect world, all participants in the supply 

chain would support real-time, online communication, sharing data using non-

proprietary standards with a very low cost of entry for new participants. 

 

However, the flow of information or the sharing of information may be 

problematic, and it is not possible to assume that information will be readily 
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available or that it will flow uninhibited between two parties (Trkman,Stemberger 

& Jaklic,2005:562).   

   

Obstacles to the efficient flow or transfer of information may be encountered at 

different levels of the supply chain organisation as well as regardsthe different 

types of information flow. 

 

Person-to-person information transfer depends largely on  

 

- the expertise of the persons in the relevant area (Borgatti, 2005:1) 

- the acquaintance of the persons involved in the information transfer 

(Borgatti, 2005:1) 

- the social and cultural barriers between the persons involved in the 

information transfer (Borgatti, 2005:1) 

- trust, psychological safety and dependence factors between the 

persons involved in the information transfer (Borgatti, 2005:2) 

- varying goals of interest (Saariluoma, 2006:1) 

- geographic differences (Saariluoma, 2006:1) 

- shared interests of persons exchanging information (Wu et al., 

2004:1) 

- personal privacy policies of persons exchanging information (Wu et 

al., 2004:1)  

 

In the case of human-to-computer interaction it is essential that additional variables 

be taken into account, including: 

 

- errors in data collection processes (Newcorn, 2003:58) 

- ERP does not facilitate inputs (Newcorn, 2003:58) 

- training in using the system (Newcorn, 2003:58) 

- user-friendliness (Newcorn, 2003:58) 

- access to the computer system (Borgatti, 2005:2) 

- information behaviour (Johnstone, Tate& Bonner 2004:6) 

- lack of formal procedures (Moser, 2004:10) 
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- incompatibility between human paper-based and electronic 

information systems (Moser, 2004:3) 

 

As regards machine-to-machine information transfer, the following factors must be 

taken into account: 

 

- Systems that are not able to understand each other (Moser, 2004:3), 

i.e. software incompatibility, protocol incompatibility.  

- Different interpretations of data at different network points/plants 

(Newcorn, 2003:58) 

- Proprietary systems are not easily adaptable (Cisco, 2005:4) 

- Proprietary systems offer limited scalability (Cisco, 2005:4) 

- Disconnected and disjointed systems (Newcorn, 2003:58) 

 

From an organisational supply chain perspective, information flow may be 

differentiated at the various organisational levels. On a strategic level, the 

information flow between companies may be inhibited by a lack of trust between 

the supply chain members. In such a case the partners would be unwilling to share 

information such as lead times, and production and sales data. This phenomenon 

occurs specifically the more independent the member companies (Trkmanet al., 

2005:562). In another instance, Kauffman andMohtadi (2003:2) report that the 

incentive of a buyer either to share information with or to withhold information 

from a supplier may be driven by the leakage of information to potential rivals.   

 

The determinants of the information flow at the operational level within the 

organisation approximate the decisive factors of the information flow between 

humans and humans, and humans and computers, as detailed above. 

 

Despite the level of the information flow in the supply chain, or the mode of the 

information transfer, the speed with which information flows from one point to 

another in a network of organisations or smaller entities of a supply chain, is also 

determined by the length of the path between the points or nodes of the network 

(Borgatti, 2005:2). The longer the length of the shortest path between a pair of 

nodes, the longerit will take for information to flow between these nodes. 
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Accordingly, networks with high average path lengths take longer to transmit 

information to all the members of the networks.    

 

It is, therefore, clear that the speed of the information flow has a direct influence on 

business and supply chain efficiency. In many cases, companies employ 

information systems which are specifically applicable to supply chains in order to 

improve the information transfer to the members. The nature of these information 

systems will be explored in the next section.     

 

1.2.4 Information systems in supply chain management 

 

1.2.4.1  Introduction 

 

Information systems (IS) have become increasingly important and, indeed, critical 

to the operation of a supply chain (McLaren, Head &Yuan, 2004:1).  

 

In recent years, collaboration has become the focus of supply chain management. 

The ability to link and work effectively with suppliers and customers as well as the 

integration of internal processes, has produced newsystems for application in the 

supply chain arena, for example, scan-based trading, enterprise resource planning 

(ERP), vendor-managed inventory (VMI), collaborative planning, forecasting and 

replenishment (CPFR), supplier relationship management (SRM) and customer 

relationship management (CRM) (Simchi–Levi et al., 2009:416–417). An IS may, 

thus, be regarded as an important tool in the SC in terms of analysing myriads of 

data. Information systems also play a major role in supporting strategic advantage, 

managerial decision making and business operations (Stock & Lambert, 2001:166).  

 

The following section will provide a more specific discussion of information 

systems. 
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1.2.4.2  Definition 

 

An IS may be seen as a set of interrelated components that collect input data, 

process the data, output both data and information and provide a feedback/control 

mechanism (Stair & Reynolds, 2011:4). 

 

A more detailed definition is given by The Alliance for Telecommunication 

Industry Solutions (ATIS, 2001:1). According to ATIS an information system 

 

¶ is a system, whether automated or manual, that comprises people, machines 

and/or methods to organise, collect, process, transmit and disseminate data that 

represents user information or, more generally, 

 

¶ an information system may also be defined as the entire infrastructure, 

organisation, personnel and components for the collection, processing, storage, 

transmission, display, dissemination and disposition of information. 

 

For the purposes of this study on SCM, both the above views of information 

systems are important withStair andReynolds (2011:4) emphasising the 

technological approach, whereas ATIS emphasises the interaction with human 

activities.  

 

1.2.4.3 Components of an information system 

 

It is, thus, clear that an IS comprises several components. According to Haag, 

Cummings andMcCubbrey (2004:17–19), information systems consist of 

 

- hardware resources 

- software resources 

- network resources 

- data resources  

- people resources  
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- input, processing, storage, output and performance monitoring 

resources. 

 

According to Haag et al. (2004:17–19), information systems capture raw data 

(input), which is converted into useful outputs (processing), and then presents these 

outputs, usually in the form of documents and reports (output). Feedbacks and 

controls provide for a mechanism to make changes to these basic processes of 

input, processing and output (see figure 1.3).  

 

 

 
 

Figure 1.3: Graphic representation of an IS 
Source: Adapted from Johnstone et al. (2004:19) 

 

The processes of input processing and output creation play a particularly important 

role in supply chain management. As regards supply chain management the 

information systems typically process raw data, such as inventory levels, point-of-

sale (POS) data, etc., which is communicated between the entities of the internal 

and external supply chain, and produce useful information that enables the supply 

chain partners to react and to arrive at more effective operational and managerial 

decisions.    
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1.2.4.4  Supply chain management information systems 

 
1.2.4.4.1    Requirements 

 

If information systems are to be of use to the endeavours of supply chain 

management, then it is essential that these information systems must have essential 

capabilities. McLaren et al. (2004:1–3) studied the capabilities of supply chain 

information systems and found that the following were the most frequently cited 

requirements: 

 

- The IS must have the ability to reduce the organisation’s operating 

costs by improving operational efficiency. 

- The IS must be able to increase the organisation’s supply chain 

responsiveness. 

- The IS must coordinate the information flow between the internal and 

external partners of the supply chain, such as customers, suppliers, 

and logistics providers. 

- The IS should enable more accurate and timely information and also 

information coordination. 

- The use of the IS should result in reductions in inventory and lead-

times, an increase in sales and an improvement in customer relations. 

- The IS should exhibit planning and analysis capabilities, including 

collaborative planning, forecasting and replenishment (CPFR). 

 

However, the priority accorded to the above requirements for an IS varies 

according to the degree of importance which an organisationattaches to the 

individual requirement and the capability of the IS to meet the organisation’s goals 

(McLaren et al., 2004:7–9). However, compliance with these requirements does 

have a direct influence on the information flow and the eventual efficiency (and 

success) of a supply chain. 

 

In realising the aims of this study as regards measuring the information flow 

performance or efficiency in supply chains, the study will place considerable 

reliance on the computer-mediated communication (CMC), as defined in 
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section1.2.3.3 above. The following section will provide an overview of the 

information systems which have been developed for supply chain management.  

 
1.2.4.4.2  The development of information systems for supply chain management  

 

The primary goal if information technology in the supply chain is to link the point 

of production to the point of delivery or purchase, in order to achieve an 

information trail that follows the physical product  (Simchi-Levi et al., 2009:415). 

This will allow for planning, tracking and estimating lead times based on real data. 

Information systems in supply chains are used as tools to collect, access and 

analyse information, to integrate systems, and to collaborate with supply chain 

partners (Simchi-Levi et al., 2009: 414). 

 

McLaren et al. (2004:1–15) found that, by implementing one or other IS, 

organisations will integrate, both internally and externally. Systems allowing 

specifically internal integration are generally known as enterprise resource 

planning (ERP) systems while others, such as electronic data-interchange (EDI) 

and e-market places, concentrate more on external integration.  

 

Historically, material requirements planning (MRP), distribution requirement 

planning (DRP) and capacity requirements planning (CRP) systems were installed 

and run as stand-alone systems. However, over the years, manufacturing resource 

planning (MRPII) systems evolved into enterprise resource planning (ERP) 

systems and then into advanced planning and scheduling (APS) systems and, 

now,into supply chain management systems (Swink et al., 2011:448–464).  

 

Jacobs, Chase andAquilano (2009:459) contend that the core of ERP systems, 

which were developed in the 1990s, includes the following applications: 

 

- Materials management 

- Production planning and control and human resource, benefits and 

payroll 

- Projects/works orders 

- Sales and distribution and asset management 
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- Financial control 

- Financial accounting 

- Costing 

- Quality management 

- Plant maintenance 

 

The complete process of planning and managing an organisation’s resources has, 

thus, been integrated.  

 

However, according to O’Neill (2005:1–2), not all ERP systems currently offer all 

of the above-mentioned modules and organisations would,typically, have had some 

legacy system before implementing the ERP software. In many cases this will have 

resulted in a combination of both, the old and the new systems, thus requiring 

additional interfaces and non-continuous interaction. 

 

Although systems such as ERP and MRP are internal to an organisation, multiple 

sites may be connected to them. It is, however, not common to find organisations 

connected to their customers or suppliers via these systems although, according to 

SAP AG (2004:1–24), the internet technology does allow for such possibilities. 

 

A further integration of supply chain participants may be derived from electronic 

data interchange (EDI). According to Murphy andWood (2004:64), EDI represents 

a computer-to-computer transmission of business data in a structured format. In 

addition, since EDI provides a seamless transmission of data across organisations, 

it may also facilitate the integration of organisations across the supply chain. There 

are a number of benefits to EDI (Murphy & Wood, 2004:64),including the 

following: 

 

- Faster exchange of data without errors, thus reducing the 

communication cost, document preparation, processing time and 

shipping errors 

- Streamlining logistics processes, resulting in reduction of lead times, 

ontime delivery and inventory reductions 

- Improving cash flow and billing accuracy 
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In addition,as GXS, a B2B commerce solutions provider, (http://www.gxs.com/wp-

content/themes/GXS/pdfs/whitePapers/wp_Benefits_of_EDI.pdf) points out, it is 

possible to reduce purchase order handling while associated costsmay be 

dramatically cut with EDI. On the other hand, Vermeer (2000:1–9) maintains that a 

growing number of organisationsare reporting negative impacts as a result of using 

EDI. These negative impactsare caused by insufficient data quality, leading to 

more errors and the need to implement preventative measures, thus reducing the 

expected benefits as outlined above. Further impediments to EDI include high set-

up costs, lack of standard formats and incompatibility of computer hardware and 

software (Murphy & Wood, 2004:64). 

 

A further development of EDI comprises the collaboration between the 

organisations in a supply chain in terms of collaborative planning, forecasting and 

replenishment (CPFR). In this scenario, suppliers, manufacturers, wholesalers and 

customers collaborate voluntarily, particularly in the areas of planning, forecasting 

and replenishment. As shown by De Min (2003:1–16), the success of CPFR 

depends critically on the infrastructure of the wide area network, which connects 

all the relevant entities joined by the CPFR process. According to him, it is 

essential that the network be designed to provide security, simultaneous operation, 

global access based on real-time information.  

 

As shown above, information flow and the efficiency thereof have a profound 

effect on the efficient operation of the supply chain network.  

 

Any delays in response to information transferred or delays in transferring 

information between supply chain members will, ultimately, affect the efficiency 

of the supply chain. It is, therefore, important that the efficiency of the information 

flow/transfer be measured as a part of the performance evaluation of SCM. 

Accordingly, the aim of this research is to investigate the measurement of the 

efficiency of the information flow in supply chain systems. 
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1.2.5 Indicators and metrics in supply chain management 

 

1.2.5.1 Introduction 

 

The performance measurement of either a business or a supply chain is a complex 

activity (Coyle et al., 2003:482–483). There are several key performance indicators 

(KPIs) for key performance areas (KPAs) which are aimed at judging the 

performance of logistical and supply chain activities. However, as a result of the 

complexity of the supply chain, a comprehensive set of performance metrics is 

required. The following sections will contain a description of performance 

measurement and an outline of the metrics for SCM. The discussion will also 

clearly reveal a lack of metrics for information flow efficiency. 

 

1.2.5.2  Key performance indicators (KPIs) and metrics in SCM 

 

Thesectionabove introduced the concepts of KPIs and metrics. In this section these 

concepts will be explained in greater detail. 

 
1.2.5.2.1  The concepts 

 

A key performance indicator (KPI) may be defined as “financial or non-

financialquantifiable measurements that reflect the critical success factors (key 

activity) of an organisation”(Von Haaren& Malyshko, 2007:9).  

 

According to Giannoccaro, Ludovico and Triantis (2007:91), a performance 

metricmay be defined as quantifying the effectiveness and/or efficiency of actions. 

Measurements are typically expressed in terms of time, quantity, quality or cost 

(Hugo etal., 2004:100–108). 

 

In short, it should be noted that key performance indicators provide a performance 

measure for a specific key performance area of an organisation, i.e. customer 

satisfaction, whereas metrics offer performance criteria for activities within a key 

performance area, such as on-time delivery.    
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The following section will outline specific KPIs as well as the metrics used in 

SCM. 
 

1.2.5.2.2 KPIs and metrics in use in supply chain management 

 

According to Coyle et al. (2003:482–485), it is knowing what to measure that 

influences the overall benefit derived from the measurement process. There are a 

multitude of metrics in use to gauge the performance of supply chains, including, 

inter alia,outbound freight cost, order fill rate, finished goods inventory turns, 

returns and allowances, customer complaints, back orders, order cycle times, 

forecast accuracy, invoice accuracy to orders processed per time unit, cash-to-cash 

cycle time and inquiry response. Other metrics used include confirmed fill rate, 

response delay (in terms of confirming a delivery date), work-in-progress stock 

(WIP), sales/inventory ratios and sales (Kleijnen & Smits, 2003:1–2). 

 

If it is taken into account that a supply chain consists of various organisations, then 

clearly the measurement of a supply chain is even more complex than that of a 

single organisation (Hugo et al., 2004:101). In addition, Hugo et al. (2004:101) 

reported that traditional metrics relied heavily on financial metrics such as the 

return on investment (ROI). However, as a result of the fact that, besides cost, the 

supply chain is also driven by other factors such as quality, delivery and speed, it is 

obvious that a single metric may not be sufficient to express the performance of a 

supply chain. 

 

Although it would appear that there has been insufficient research into supply 

chain performance measurement(Hugo et al., 2004:101), it is, nevertheless, 

possible to find traces of diversified development to fully encompassing models, 

with the supply chain scorecard as depicted in Santos, Gouveia andGomes 

(2006:2–4) providing an example of such developments. In addition, Santos et al. 

(2006:2–4) propose a supply chain performance measurement framework based on 

the following four perspectives of the BSC: 

 

- Customer perspective 

- Business process perspective 
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- Financial perspective 

- Innovation and learning perspective 

 

Each of these BSC perspectives encompasses a number of KPI’s, which may be 

selected depending on the relative level of importance in each business and supply 

chain. The supply chain BSC is depicted in figure 1.4. (Santos et al., 2006:1–2), 

 

Another example of the variety of KPI’s that may be used within the context of 

SCM performance measurement is provided byVon Haaren andMalyshko 

(2007:11). Their proposed performance measurement framework comprises five 

balanced scorecard perspectives, including the four perspectives mentioned above 

with the additional perspective of “cooperation”.  

 

Both Santos et al. (2006:2–4) and Von Haaren andMalyshko (2007:11) define 

specific KPIs and the metrics that maybe used to evaluate supply chain 

performance, given certain key assumptions such as strategy and the network 

selected. 

 

However, it is clear from figure 1.4 that “efficient information flow” as a key 

objective for supply chain performance has not yet been taken into account, despite 

the fact that its influence on supply chain performance is undeniable. The 

following section will present reasons why the information flow perspective as 

well as the relevant indicators and metrics should be included into the BSC for the 

supply chain. 

 

1.2.5.3  The supply chain scorecard 

 

According toSantos et al. (2006:2–4), a supply chain scorecard representing 

proposed KPIs and metrics is depicted inFigure 1.4. These metrics correspond with 

the metrics proposed by the Supply Chain Council’s supply chain operations 

reference (SCOR) model (http://www.supply-chain.org; Simchi-Levi et al., 

2009:381; Swink et al., 2011:42). However, according to Santos et al. (2006:2–4), 

it is essential that metrics be linked to business strategy, operational plans, goals of 

individual departments as well as global goals. It follows, thus, that metrics may 
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vary from industry to industry and company to company and that the requisite 

metrics must be developed for each perspective (Swink et al., 2011:41). 

 

In general, writers agree that the four key perspectives, namely, financial, 

customer, internal business process related and learning and growth perspectives 

should be adopted for the measurement of supply chain performance (Kaplan 

&Norton, 1996: 7–10;Santos et al., 2006:2–4). Writers such as Von Haaren 

andMalyshko (2007:11) do offer reasons for the inclusion of additional 

perspectives. 

 

The SCOR model addresses the following five basic dimensions of performance 

(Swink et al., 2011:42): 

 

- Delivery reliability 

- Responsiveness 

- Flexibility 

- Costs 

- Asset management efficiency 

 

According to Swink et al. (2011:42), shareholder concerns may also be addressed 

by adding performance indicators such as “profitability” and “effectiveness of 

returns”. 

 

It emerges from a closer inspection of the SCORmetrics,as proposed by Swink et 

al. (2011:42) and Simchi-Levi et al. (2009:381), that these SCOR metrics may be 

related to theBSCmetrics within the BSC framework of key performance 

indicators. Both the performance measurement frameworks, BSC and SCOR, 

include measurements relating to the financial, business process, customer and 

innovation and learning perspectives. 
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Perspective Primary and support 

activities/proposed 

KPIs 

Metrics 

Customer perspective Sales/customer support Quality ī % non-conformity 

Forecast accuracy 

Market share 

Logistics On time delivery 

Number of products 

/distribution 

channel 

Damaged shipments 

Financial perspective Sourcing Material acquisition cost 

Manufacturing Non-quality cost 

Warehousing cost 

Manufacturing unit cost 

Warehousing Cost of carrying inventory 

Logistics Logistics cost 

Transportation cost 

Accounting processes Cash flow 

EBDITA (earnings before 

depreciation, interest and tax) 

Income 

EVA (economic added value) 

Operating ratio 

ROI  (return on investment) 

Revenue per employee 

Return on asset 

Internal business  

process perspective 

Sourcing Supplier on-time delivery 

Material inventories 

Material quality 

Supplier cycle time 

Planning % of orders delivered 

according to plan 
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Schedule changes 

BOM (bill of material) 

accuracy 

Manufacturing Adherence to schedule 

% defective products 

Number of finished products 

/SKUs (stock keeping units) 

Manufacturing cycle time 

Setups/Changeovers 

Plant utilisation 

Delivery/storing Finished goods inventory turn 

Stock keeping units 

Innovation and 

learning perspective 

Innovation % new product development 

Social responsibility Social programs invested 

HR Absenteeism 

% employee training 

Employee productivity 

Motivation 

Employee turnover 

 

Figure 1.4: The supply chain balanced scorecard 
Source: Santos et al. (2006:2–4) 

 

As depicted in figure 1.4, it is essential that thoseorganisations that adopt the 

supply chain scorecard find key performance indicators and metrics which suit 

their type of business (Webster, 2008:356). In other words, the metrics and KPI’s 

may vary between organisations and industries. In order to support business in their 

efforts to measure the performance of their supply chains, software vendors offer 

computerised solutions, which are either stand-alone systems or systems that 

integrate with the ERP systems in use within the specific organisation, to support 

the measurement process (IBM, 2009:1–4). 
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1.2.5.4 Communication scorecards 

 

It was indicated previously that information flow and communication are closely 

related concepts. Accordingly, in a quest to measure information flow efficiency it 

makes sense to make use of developments in this area of communications. 

 

In view of the fact that that this research focuses on the development of indicators 

and metrics for the measurement of information flow efficiency, this section will 

discuss relevant communications extensions of the BSC as well as the specific 

performance measurement frameworks of other relevant communications with a 

view to business performance assessment. 

 
1.2.5.4.1  The corporate communications scorecard (CCS) 

 

Besides the well-known BSC model and the proposed metrics, Zerfass (2004:1–7) 

suggests an expansion of the BSC to include communications for corporate 

strategic controlling purposes. This extended scorecard has found applications in 

industry. The corporate communications scorecard (CCS) aims specifically at 

incorporating a communication perspective into the BSC, which deals with the 

public relations communication of an organisation with its stakeholders on a 

strategic level. In particular, in terms of the expansion suggested by Zerfass 

(2004:1–7), the social-political perspective was introduced into the standard BSC. 

Zerfass (2004:1–7) described explicit value drivers and metrics with which to 

assess this new perspective, namely, the social political communication which was 

derived from the expectations that, for example, citizens and politicians, may show 

goodwill towards the specific organisation. 

 

These value drivers may include: 

 

- Improving the corporate citizenship  

- Public knowledge about the organisation 

- Accepting responsibility for the environment 

 

Applicable metrics may include: 
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- Number of job opportunities created 

- Successful registration according to standards emanating from 

environmental audits 

- Percentage purchases from disadvantaged suppliers 

 

These metrics impact directly on the supply chain and, thus, they require the 

sharing of information from a strategic perspective across both the organisation and 

the supply chain. 

 
1.2.5.4.2 The Communications scorecard (CSC) 

 

According to Huber andPfeiffer (2007:8), communications may be regarded as a 

value-creating factor that contributes to both the efficiency and the effectiveness of 

an enterprise’s strategy. The CSC combines tangible and intangible assetswhich 

cannot be separated in the enterprise strategy. Huber and Pfeiffer (2007:8) maintain 

contendthat seamless implementation is achieved by a simultaneous planning of all 

communication instruments and methods based on their functional, timeous and 

hierarchical relationships. The CSC expands each of the existing perspectives of 

the BSC with a view to communications. 

 

As is the case of the BSC, the CSC begins with an analysis of the strategic goals of 

an enterprise and defines both the key performance indicators and the operative 

value drivers. It is then possible to deduce, the key communications indicators and 

value drivers from these strategic goals. Thereafter, business economic and 

communications goals must be synchronised. Quantifying the success parameters 

makesit is possible both to measure and to evaluate the communications 

contribution. It is in this way that the contribution of communications to increasing 

the value of the enterprise may be verified (Huber & Pfeiffer, 2007:8–9).   

 
1.2.5.4.3 The communications control cockpit 

 

According to Zerfass (2005:5), the communications control cockpit, as published 

by Rolke (2004:47-54), is based on the reputation quotient (RQ). However, the 
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reputation quotient does not allow for a direct measurement of the contribution of 

communicationto theenhancement of the reputation of an enterprise and, 

therefore,to an increase in its business success. The RQ concept asserts only 

that,based on statistical deliberations, a general relation between enterprise value 

and reputation value does exist. However, Zerfass (2005:5) argues that an 

advantage of the communications cockpit approach it that it proposes to calculate 

the communications values, ImEx (Image or Reputation Value), and to compare 

these values with the economic value added (EVA) of the enterprise. 

 

In particular, the ImEx consists of the reputation values of the stakeholder groups 

of customers, public, employees and shareholders, and the total of all the 

communication budgets, as depicted in figure 5.7. 

 

Three key performance indicators have been provided by the communications 

control cockpit, namely, communications efficiency (KommEf), value-value-

relation (2VR) and return on communications (RoCom). The deduction of each of 

these KPI’s is depicted in figure 5.7. 

 

The communications control cockpit will be discussed in greater detail in chapter 

5. 

 

1.2.6 Information flow efficiency measurement 

 

1.2.6.1 Approach to measuring information flow efficiency 

 

The measurement process, in this case, the measurement of information flow 

efficiency, is not merely concerned with the collection of data associated with a 

predefined standard with performance measurement rather being perceived as an 

overall management system involving the prevention and detection of non-

satisfactory performance in a particular key performance area.It is the aim ofthe 

measurement process to improve the relevant underlying business process in order 

to bring about better customer service. In addition, the measurement process is also 

concerned with the optimisation of the relevant process based onthe increased 

efficiency and effectiveness of the particular process under investigation (Kellen, 
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2003:3–6). The performance measurement paradigm may be applied in order to 

develop indicators and associated metrics of information flow efficiency in 

organisations and/or supply chains. 

 

Real-time contextual data enables users to make better, faster decisions by 

providing information across both the plant and the supply chain in a single format.  

However, there is the possibility of abundant data-handling and information-

sharing inefficiencies (MMS MAG, 2006:12). Control systems use proprietary data 

formats and lack information sharing capability while legacy systems often lack the 

capacity or intelligence to provide useful data. It is, thus, clear, that the efficiency 

of information sharing or of the information flow has a direct bearing on the speed 

with which decisions may be made about the future state of a supply chain. From a 

performance measurement point of view, the process concerning the information 

flow efficiency which must be investigated and measured, thus,also involves the 

methods of information transfer within an organisation and between the member 

organisations of a supply chain.  

 

Performance measurement systems typically comprise one or more metrics. 

Metrics are quantitative values that may be used for the purpose of comparison. 

The comparison may involve a comparison of a metric with itself over long time 

horizons, pre-set targets, or together with other metrics (Kellen, 2003:3). However, 

metrics have already been developed for several processes and key performance 

areas. For example, the supply chain scorecard, as depicted in figure 1.4, presents 

the metrics which were proposed for the evaluation of supply chain performance. 

 

As it is evident from the literature on supply chain (Hugo et al., 2004:8; Mentzer, 

2001:5–6), the flow of information plays a critical role in the functioning and 

integration of the supply chain. However, amongst all the metrics which may be 

applied to assess the performance of the supply chain, there are none to evaluate 

the efficiency of the information flow throughout the entire supply chain. 

Accordingly, this research study aims to provide such metrics for the evaluation of 

information flow efficiency in supply chain management (SCM) in order to 

identify possible areas of improvement in the SCM process.   
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In an attempt to develop new indicators and associated metrics for information 

flow efficiency, the measurement framework, which is similar to the BSC and the 

supply chain scorecard as illustrated in table 1.2 below, will be presented. 

 

Furthermore, existing characteristics of the measurementsapplied in the various 

fields of business administration, business performance measurement, information 

technology and financial information qualitywere evaluated in terms of their 

usability in an information flow efficiency measurement framework.  

 

Table 1.2: Information flow efficiency measurement framework 
 

Performance 

measurement 

terminology  

Example  

OBJECTIVE Information flow efficiency 

INDICATOR Information integration % 

METRIC 1. Average information transmission time 

(seconds) 

2. Information cycle time (hours) 

 

The characteristics which are applicable to information systems, as detailed by 

Stair & Reynolds (2011:7), include 

 

- timeliness 

- content, in terms of accuracy and usefulness 

- complexity. 

 

These characteristics could be considered applicable to the measurement of the 

efficiency of the information flow in supply chain management and, depending on 

their measurability, such characteristics may be used as indicators and metrics of 

information flow efficiency. Other characteristics, such as those described in 

paragraphs 1.2.6.2 to 1.2.6.4, also lent themselves to be used as metrics for the 

measurement of transactions on an operational basis, providing individual values 

for the numerical performance in terms of each indicator. For example, timeliness 
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could be considered as a measure with which to judge the timely distribution of 

information, whereas characteristics such as information transfer-time, frequency 

of information transfer and information validity time periods, could be considered 

as metrics within the timeliness indicator 

 

In order to identify suitable characteristics, which may be used as indicators and 

metrics for the measurement of information flow efficiency, this study conducted a 

literature review, followed by a survey. The aim of the survey was to ascertain the 

opinions of business executives about the suitability of certaincharacteristics that 

may influence the efficiency of the information flow inthe supply chain.  

 

1.2.6.2   Characteristics of business process measurement 

 

In order to develop indicators and metrics for information flow efficiency ī the aim 

of this study ī it is important to evaluate those characteristics, which are available 

in the field of business performance measurement and also in other fields, for 

example, information technology, for their suitability in terms of measuring 

information flow efficiency. Kellen (2003:22–23), for example, lists the following 

key design characteristics of metrics which he deems desirable in any business 

performance measurement system. These characteristics include the following:  

 

- Controllability 

- Validity 

- Relevance 

- Specificity 

- Comprehensibility 

- Repeatability 

- Reliability 

- Timeliness 

- Responsiveness 

- Accuracy 

- Automation 

- Cost-effectiveness 

- Completeness 
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- Information dissemination 

- Strategic alignment 

- Organisational coverage 

 

According to Kellen (2003:23), the term business performance measurement 

system refers to both the information technology and the human process that 

interacts with the technology. The two are joined in a symbiotic relationship with 

each other and, hence,it is essential that the design characteristics take both aspects 

into account.  

 

This research study will concentrate on identifying suitable characteristics of 

information flow efficiency which may serve as indicators and metrics of 

information flow efficiency. The generally accepted norms of business 

performance measurement and information technology measurements represent 

one source for both the indicators and the associated metrics of information flow 

efficiency. 

 

1.2.6.3   Characteristics of business process measurement as drivers of efficient information 

flow  

 

Kellen (2003:4) affirms that the characteristics listed above represent the design 

characteristics of either a metric or a metric set of a business performance 

framework. In addition, it is essential that the information provided in the 

measurement framework is in accordance with these characteristics. 

 

The efficiency of information flowis embedded in the characteristics above, for 

example, “timeliness”, “accuracy” and “reliability”, because any shortcomings in 

the fulfilment of these characteristics will lead to additional time being required 

either to obtain the correct information or to correct any false information. This, in 

turn, would require more resources than would have been the case had the 

information been correct. If information is not on time, additional resources will be 

required to find the information and delays may occur in any decisions that need to 

be made based on the information which is not available. It may, thus, be logically 

concluded that the above characteristics constitute the drivers of an effective and 
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efficient information flow because,not only must the information provided be 

correct, but it must also pass and flow from the source to the users effectively and 

efficiently. 

 

The provision of metrics arising from data, transactions or events, through the 

transformation of such data into useable information, such as metrics,together with 

the associated flow of information to the end user is depicted in figure 1.5 below. 

 

  
 

 

Figure 1.5: The effective and efficient provision and flow of information to the 
user 
Source: Compiled by researcher and adapted from Stair andReynolds (2011:7) 

 

The prerequisitefor the provision of effective and efficient information is that both 

the information and the flow of information must comply with the design 

characteristics, as detailed in section 1.2.6.2, if the information and the flow of 

information are to have the capability of producing metrics that comply with the 

same design characteristics. It may, therefore, be concluded that design 

characteristics comprise the key factors of or drive efficient information flow. 

Accordingly, an assessment of the compliance/performance of the aforementioned 

key factors or design characteristics will provide a measurement of the efficiency 

of both the information and the information flow. 
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1.2.6.4 Characteristics of financial/accounting information quality 

 

Another important source of possible indicators and metrics for information flow 

efficiency may be found in the characteristics of financial information quality. 

Carmichael, Whittington andGraham (2007:67), Epstein, Nach andBragg 

(2009:33), and Porter andNorton (2010:60) all contend that the primary objective 

of financial reporting is the provision of useful information for the making of both 

investment and credit decisions. According to them, those qualities that render 

information both useful and understandable have been designated its qualitative 

characteristics. According to Nikolai, Bazley andJones (2010:46), the United 

States Financial Accounting Standards Board has specified the characteristics of 

information as depicted in figure 1.6. These characteristics will ensure that 

information is at its most useful. In addition, Carmichael et al. (2007:68) argue 

that, without usefulness, there would be no benefits from information to offset 

against its costs. 
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Figure 1.6: Characteristics of accounting information 
 Source: Adapted from Nikolai et al. (2010:47) 

 

However, despite the hierarchical structure of the characteristics of financial and 

accounting information, which distinguishes between user-specific and decision-

specific qualities (Carmichael et al., 2007:69), Nikolai et al. (2010:46) argue that 

this hierarchy is not designed to assign priorities to the qualitative characteristics, 

and that both financial and accounting information must possess each of the 

qualitative characteristics to a minimal degree. It is these characteristics that 

distinguish that information which is more useful to the user, and which may result 

in better decision making, from information which is less useful. It is, therefore, 

clear that these characteristics drive the provision of useful and understandable 

information for superiordecision making. In addition, these characteristics may also 

be understood to provide information effectively and efficiently as, if any of the 

above criteria are not met, this would result in less efficient decisions because of 
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the additional time required either to obtain the correct information or to correct 

any false information.  

 

1.2.6.5 Extension of the supply chain scorecard to include information flow 

efficiencyindicators and associated metrics 

 
The importance of information flow and, therefore, information flow efficiency, in 

the supply chain has been explained in section 1.2.2.4. As already stated writers 

generally agree that the sharing of information and, hence, the flow of information 

is extremely important for the successful completion of supply chain activities. 

In view of the fact that it is the aim of this research to develop indicators and 

metrics for information flow efficiency which will enable supply chain managers to 

evaluate the efficiency of the information flow it is, thus, conceivable that these 

indicators and associated metrics of information flow efficiency should form part 

of the overall supply chain performance measurement. As such, information flow 

efficiency would form an essential part of the supply chain BSC in terms of either a 

new perspective or a key objective within a current perspective. 

 

In order to develop indicators and associated metrics for information flow 

efficiency, it is necessary to review existing literature in terms of its applicability to 

supply chain management. For example, Schuppener (sa:1–20) prepared a 

communications scorecard (CSC) which measured the additional economic gains, 

within the four perspectives of the balanced scorecard, by using communication 

instruments. Zerfass (2004:1–7) proposed the corporate communications score card 

(CCS) for the strategic control and measurement of an enterprise, as regardsthe 

enterprise’s communications strategy with its stakeholders, using the social-

political performance of an organisation as a KPI in order to measure 

communication success. The latter clearly emphasises the public relations activities 

of an organisation;however, the communication and information flow between 

stakeholders in the SC in order to improve the operational process in the SC is the 

focus of this study.  
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Although both of the above extensions of the BSC focus on different areas of 

communication compared to those contemplated in this research, the importance of 

communication efficiency as regardsan organisation and its stakeholders ī includes 

the supply chain and the measurement thereof īare undeniable. In particular, the 

participants (suppliers and customers) in the supply chain may be considered as 

stakeholders of the supply chain. Therefore, it is not only justifiable, but also 

important, to include the measurements of information flow efficiency into the 

supply chain scorecard for the purpose of controlling supply chain activities in 

order to improve the efficiency of the SC as a whole. This is, indeed, the focus area 

of this study. 

 

1.2.7 Conclusion 

 
The above sections provided an overview of the supply chain and supply chain 

management and presented insights into the importance of the efficient flow of 

information in the supply chain. In particular, it was shown that several writersare 

in agreement that a supply chain is hardly able to function without anefficient flow 

of information both along the supply chain and between supply chains.The 

literature also showed that organisations have been trying to improve the flow of 

information by installing electronic information systems and EDI, as well as 

collaborative metrics such as CPFR and VMI. 

 

Nevertheless, despite the fact that the importance of an efficient information flow 

has been recognised, there is little evidence that any attempt has been made to 

devise measurement instruments with which to determine the information flow 

efficiency within a supply chain. In addition, no model exists that is able to provide 

a holistic overview of information flow efficiency in supply chain management. 

 

 In this research study an effort will be made to identify indicators and metrics for 

information flow efficiency in supply chains. Such indicators and metrics will 

make it possible to view the efficient information flow from a (supply chain) 

management point of view, thus implying that information flow should be planned, 

measured and reviewed, as is commonly required of all managerial activities. 
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In the following sections the research process adopted in this study will be 

described.  

 

1.3 PROBLEM FORMULATION  

 

1.3.1 Problem statement 

 

 Many writers (as cited in the previous sections) have agreed that the flow of 

information, either in form of raw data, processed data or interpreted data, plays an 

important role in the smooth functioning of the entire supply chain. However, 

despite the importance of the flow of information, little attempt has been made to 

measure the efficiency of the information flow in supply chains. However, it is 

possible that such measurement may make a profound contribution in illustrating 

any shortcomings in the flow of information and, thus, in the functioning of the 

supply chain. In the light of the above the following question forms the basis of the 

research problem in this research study: 

 

What indicators and associated metrics may be used to evaluate information 

flow efficiency in the entire supply chain? 

 

The scope of the research problem is clearly reflected in the primary and secondary 

objectives of this study, as detailed in the following sections. 

 

1.3.2 Primary objectives 

 

 The primary objective of this research study is  

  

- to develop and to conduct an exploratory test of an instrument for 

the measurement of information flow efficiencyin the supply 

chain 

 

 However, in order to realise this goal, it is necessary to divide the primary 

objective into secondary objectives, as detailed below.    
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1.3.3 Secondary objectives  

 

The following secondary objectives have been identified: 

 

- To identify possible indicatorsof information flow efficiency  

 

- To identify or develop possible associated metrics for the 

measurement of each indicator 

 

- To determine the most important indicators and associated metrics for 

information flow efficiency in a sample case study of a specific 

telecommunications cable manufacturing supply chain in South 

Africa  

 

- To develop scales for each metric against which the performance of 

each metric maybe assessed 

 

- To use these indicators, metrics and scales developed to conduct an 

exploratory test of the information flow efficiency measurement 

instrument in the sample case of a telecommunications cable 

manufacturing supply chain 

 

1.4 RESEARCH METHODOLOGY 

 

1.4.1 Research process 

 

In order to realise the objectives of the research, namely, to develop indicators and 

associated metrics for information flow efficiency, it was necessary to review 

existing literature on this and related matters, and to gather data and information 

from both primary and secondary sources in an appropriate manner. Furthermore, 

the data and information were subject to an appropriate method of analysis, as 

detailed below and as presented in figure 1.7. 
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1.4.1.1  Step 1: Exploratory research/literature study 

 

As depictedin step 1 of figure 1.7, qualitative research and, in particular, 

exploratory research was carried out in this study in order to explore the research 

problem stated above (Creswell, 2002:58–61). This, in turn, led to both, a 

definition and an understanding of the concept of information flow and related 

concepts, as well as the identification of possible indicators and associated metrics 

for information flow efficiency. 

 

In order to solve the research problem a literature study was conducted in order to 

ascertain existing knowledge on the topic, prior to solving the research problem. 

Secondary sources of information, namely, textbooks and journal articles, were 

also consulted. In addition, the Internet was used for searches relating to 

contemporary information relating to the research problem with sources 

includingtopics such as supply chain management, information management, 

operations research, communication, management information systems and 

business performance measurement principles relating to both objective and 

subjective data. The exploratory literature study served to identify possible factors 

which may have been applicable to the measurement of the efficiency of 

information flow. 

 

The research process reviewed the literature on available measurement 

frameworks,characteristics of information, quality of information and business 

performance measurement for their incorporation into the survey which was to be 

conducted. 

 

This aspect of the research process was important as, in a real supply chain, not all 

the communication activities between the members of the supply chain and 

between the functions in individual organisationsmay be assumed to have been 

computerised, nor will every company employ computerised information systems 

in the same manner, thus leading to differences in the speed of transfer of 

information. 
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The efficiency with which information flows in a supply chain determines the 

speed with which information may be evaluated and converted into decisions and 

actions. Accordingly, information flow efficiency has a determining influence on 

the performance of a supply chain. 

 

1.4.1.2  Step 2: Empirical survey 

 

In step 2 of the research process a more descriptive research method is followed in 

order to describe the “who, what, when, where and how” of a situation or 

phenomenon. In this research study specifically, particular insight is required in 

terms of how and which indicators and metrics to apply to the measurement of 

information flow efficiency (QuickMBA:Marketing: 1999–2010:3).  

 

In order to identify the most important information flow indicators and the metrics 

associated with each measure, an empirical survey was conducted to collect 

information on the opinions of leaders in a specific telecommunications cable 

manufacturing supply chain as regards the proposed indicators and associated 

metrics. The participating organisations were chosen as a result of their affiliation 

with the aforementioned telecommunications cable manufacturing supply chain 

and in an attempt to gather as much information as possible from this supply chains 

and to try to achieve representative sampling for the particular population 

mentioned above. 

 

To aid the study this survey also investigated the current state of information 

systems use and information integration in the telecommunications cable 

manufacturing supply chain, thus, providing evidence of information flow 

efficiency within the supply chain. 

 

1.4.1.3  Step 3: Evaluation of research results and development of scales 

 

The survey questions concernedboth the ranking and the rating of the 

characteristics of information and information transfer that would be used as 

indicators and associated metrics. The process of ranking and rating produces 

ordinal data. This, in turn, implies that it is not possible to use standard statistical 
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procedures involving the mean and standard deviations to evaluate the survey data 

and, instead, nonparametric statistics were applied.  

 

In order to evaluate the characteristics or indicators of information and information 

flow efficiency, box plot diagrams were first used to evaluate the spread of the data 

and any potential outliers. However, when computing a measure of location for this 

particular question, the medians will be used rather than the means. 

 

The selection of the indicators of information flow efficiency will be explored 

firstly by utilising statistical hierarchical clustering procedures. Cluster analysis 

involves a mathematical method of grouping data based on the inherent similarity 

or dissimilarity of data ī see section 8.2.8.2.3. The results of the cluster analysis, in 

conjunction with the importance rankings, will determine the selection of a master 

set of indicators. 

 

Once the set of indicators and associated metrics to measure information flow 

efficiency have been selected using statistical analysis and explorative data 

analysis, the scales for the actual measurement process need to be developed ī see 

step 3 of the research process. 

 

This research adopted the use of continuous scales ranging from 0% to 100%. 

Scores were allocated in such a way that a 100% score would be recorded if it was 

possible to meet the requirement of the metric to be assessed in the best possible 

manner, was fully present and/or had been carried out to the complete satisfaction 

of the expert assessing the fulfilment of the individual requirements. A 0% score 

would be allocated if the requirements of a metric were not met The use of experts 

ensured that values between 0% and 100% were assigned according to the degree 

to which the requirement of a metric was metIn order to assess the compliance of 

metrics to requirements, a time scale was used,as discussed in section 8.3.4of the 

study, for time related metrics, as well as a subjective scale based on set anchor 

points ī seesection 8.3.5. 

 

1.4.1.4 Step 4: Case study in telecommunication cable manufacturing supply chain 
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After the indicators and associated metrics for the objective “information flow 

efficiency” had been developed, a case study research wasconducted in step 4 of 

the research process in order to obtain actual measurements of information flow 

efficiency so as to prove the viability of the indicators and metrics formulated. 

Accordingly, the information flow efficiency in different organisations in the 

telecommunication cable manufacturing supply chain was measured. The relevant 

organisationswereselectedby means of convenience sampling which wasbased on  

  

- the willingness of the organisationsto participate in the study  

- their willingness to provide resources in terms of personnel and time  

- their willingness to provide their expert opinion in terms of the 

metrics assessed, without, however, compromising the confidentiality 

requirements.  

 

According to Castillo (2009:1–2), convenience sampling is a non-probability 

sampling technique in terms of which subjects are selected based on their 

convenient accessibility and proximity to the researcher. The most obvious 

criticism as regards convenience sampling is sampling bias and also the fact that 

the sample is not representative of the entire population, in this case, 

manufacturing concerns in other industries. 

 
However, every possible supply chain partner of the company selected was 

included in the case study.  

 

Crosthwaite, MacLeod and Malcolm (1997:1–16) have identified the following 

criteria as regards the appropriateness of the case study method: 

 

- Specifically answers “how” and “why” questions 

- Is explanatory in nature  

- Represents an empirical enquiry into a contemporary phenomenon 

within a real life context 

- The researcher has no control over the events 
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- The internal validity of the case research findings is assured by a 

credible causal relationship, well specified procedures as well as 

statistical techniques 

 

In view of the fact that the overall problem has, as yet, not been solved, it 

represents a contemporary phenomenon within a real life context and the 

researcher has no influence over both the outcomes and the interaction between the 

metrics as observational methods only will be used in order to obtain the necessary 

data. 

 

The domain is clearly restricted to the SCM field. In practice, indicators and 

metrics of information flow efficiency, as identified during the first part of the 

research, were tested in actual company/supply chain environments.  
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Figure 1.7: Research process 
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1.4.1.5 Conclusion 

 

In conclusion, the proposed research study was conducted in four stages. The first 

stage was of an exploratory nature and was aimed at identifying possible indicators 

and associated metrics applicable to the measurement of information flow 

efficiency. The second stage dealt with the development of a survey instrument and 

the collection of data by means of a survey. During the third stage the data 

obtained from the survey was statistically analysed and scales for the assessment of 

information flow efficiency indicators and metrics developed. During the last 

stage, the information flow indicators and metrics which had been developed were 

tested exploratively. The resultswere linked to the primary objective of the research 

study, thus ensuring internal validity. External validity refers to the ability to 

generalise the results of a research study to a largerpopulation. As regards this 

research the external validity involved validating the information flow instrument 

which had been developed for application in any given supply chain ī a topic for 

further research. 

 

1.4.2 Limitations of the research 

 

This research study focused on the development of indicators and associated 

metrics that may be employed to measure information flow efficiency.  

 

However, this research study recognises the existence of a number of limitations in 

terms of both the applicability of the indicators and associated metrics identified 

and the ability to generalise the findings of this research. 

 

These limitations arise specifically from the sampling method chosen, the use of 

expert opinions, the scale development process and the limitations of those 

indicators and associated metrics which were derived from the literature review. 

 

Convenience sampling was the sampling method chosen. The researcher was 

forced to decide on this sampling method as a result of the non-response which the 

researcher would have faced if he had chosen to sample a wider population, i.e. an 

entire industry. In addition, this latter method of sampling would have entailed 
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time constraints. Accordingly, the researcher selected, a single supply chain, 

namely, a South African telecommunications cable manufacturing company and 

focused the research on this supply chain. 

 

Several of the metrics used to assess the information flow efficiency in the 

organisations selected for this purpose requiredthe subjective judgmentsof 

respondents who were regarded as experts in their field, as a result of the scales 

developed for these metrics.However, there are disadvantages that may emanate 

from expert opinions. 

 

In addition, this research does not claim that the list of indicators and metrics 

developed is exhaustive, although these indicators and metrics do provide a 

framework for the measurement of information flow efficiency using indicators 

and associated metrics that were judged to be the most important by the experts of 

the organisationsin this study. 

  

The study does not attempt to address the following items as this would be 

beyond the scope of the study: 

 

- The indicators and metrics that have been developed will be measured 

individually and no attempt will be made to provide weightings for 

the combination of all the metrics into one numeric value for a 

performance index of “information flow efficiency”.In addition, 

weighting will also not be applied for the group of metrics associated 

with a particular indicator, 

 

- This research will not prescribe which of the indicators and associated 

metrics should be used for the individual assessment of a company 

and/or a company’s supply chain, although a choice of indicators and 

associated metrics from which the most appropriate may be selected 

will be provided. 
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1.5 CONCLUSION 

 

The purpose of this study is to make a contribution to the existing body of 

knowledge of supply chain management. In particular, the measurement of 

information flow efficiency in organisations and supply chains was investigated. In 

realising this aim, this research has defined indicators and associated metrics which 

are suitable for evaluatingthe information flow efficiency in organisations and 

supply chains.  

 

The preceding sections provided an overview of the concepts of supply chain and 

supply chain management. In addition, the importance of information flows in the 

supply chain and supply chain management was highlighted. 

 

In essence, the supply chain was recognised as a complicated network of linked 

customers and suppliers with associated flows of materials, services, finances and 

information. Each customer represents a supplier to the next company downstream 

in the supply chain. In order to enable each supply chain member to operate 

efficiently and effectively as regards the common goal of optimising customer 

value throughout the supply chain, information and data are required to flow up 

and down the supply chain in as near real-time as possible. The speed of the 

information transfer, or information flow efficiency, determines the ability to arrive 

at decisions about future supply chain activities which will result in improved 

supply chain performance.    

 

However, the information does not consist solely of data with the information 

requiring that the data be interpreted within a certain context in order to increase 

the knowledge about the status of the supply chain and its performance.  

 

The flow of information was defined in terms of a communication process, which 

involves the transmitter, receiver, medium and message. Communication in the 

supply chain may take place either between persons, between persons and 

computers, or between computers.  
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The importance of information flow efficiency means that it is important that both 

information and information flow be managed. The management of activities 

involves the setting of standards and the measurement and revision of achieved 

activity levels. However, there are no communication or information flow 

standards available that are applicable to supply chain management. 

  

In order to realise the objectives of this study, it was necessary to conduct a 

literature study so as to establish the current status of knowledge about information 

flow efficiency in supply chain management. 

 

In addition, in order to identify indicators and associated metrics that are suitable 

for evaluatingthe information flow efficiency in supply chains, it was a further 

requirement that thecharacteristics of efficient information flow be identified and 

that known indicators and metrics from different fields, such as business 

management and information technology, be validated.  

 

The empirical aspect of this research study used the indicators and metrics which 

had been identified in practice, in terms of both organisations and supply chains, in 

order to evaluate information flow efficiency. 

 

Accordingly, the research focused on the identification of indicators and metrics, 

applicable to the measurement of an efficient information flow, as an additional 

measurement, in conjunction with existing supply chain indicators and metrics, to 

identify weaknesses in the supply chain process. Finally, it wasargued that the new 

indicators and associated metrics should be incorporated into the balanced 

scorecard measurement framework and, particularly, into the supply chain 

scorecard, in order to provide a more complete understanding of the performance 

level of supply chain processes. 
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CHAPTER 2 
THE SUPPLY CHAIN AND SUPPLY CHAIN MANAGEMENT 

 
 
2.1 INTRODUCTION 
 
 As detailed in chapter 1, this research study endeavours to identify indicators and 

metrics of information flow efficiency in supply chains. In order to recognise such 

indicators and metrics in supply chains, it is important to take cognisance of the 

basic concepts underlying the supply chain and its management. Accordingly, this 

chapter presents an in-depth review both of these concepts and the way in which 

they evolved.  

  

The business environmentin which organisations operate today is ever changing. In 

addition, it is becoming more and more complex. Organisations, both private and 

public, are being subjected to increasing pressures that are forcing them to respond 

quickly to the changing conditions and also to be innovative in the way in which 

they operate (Turban et al., 2007:3). Speed of reaction, order accuracy, visibility of 

product flow, low to just-in-time inventories, operational flexibility, sustained 

quality and a reputation for no-hassle business processes are becoming the price of 

entry for doing business today (Bauer et al., 2001:1–3) with increasing numbers of 

customers attaching a high value to these characteristics which have, thus, become 

essential for conducting successful business today. 

 

 If organisationsare to become more flexible and reliable, it is vital that they 

recondition themselves and adopt new strategies (Turbanet al., 2007:3). In essence, 

the task of a supply chain to service a slow-moving, industrial mass market has 

changed and a supply chain now faces the challenge of servicing a fast-paced, 

fragmented general market. This situation is depicted in figure 2.6 (Mentzer, 

2001:13; Hugos, 2006:21). 

  

With the growing awareness of the importance of SCM came a realisation of the 

importance of information technology and information systems to manage the 

supply chains. In the effort to improve their competitiveness, organisations began 

to realise the potential of information technology as regards transforming their 
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business (Awad & Nassar, 2010:17). To assist this process, software providers 

started supplying material requirements planning (MRP) and resource requirements 

planning (MRPII) programs. However, these were soon developed into enterprise 

resource planning (ERP) and advanced planning and scheduling (APS) software, 

and into supply chain planning (SCP) and supply chain execution (SCE) software. 

Hugos (2006:131) contends that the use of supporting technology is essential for 

effective supply chain operation. All information systems comprise technology that 

performs three main functions, namely, (1) data capture and communication, (2) 

data storage and (3) retrieval and data manipulation and reporting. However, 

different supply chain systems have different combinations of capabilities in these 

functional areas.  Specifically, these include enterprise resource planning (ERP), 

customer relationship management (CRM) and manufacturing execution systems 

(MES). Some concentrate specifically on advanced planning and scheduling (APS) 

and inventories available-to-promise (ATP), collaborative planning, forecasting 

and replenishment (CPFR) and vendor managed inventories (VMI) (Stadtler and 

Kilger, 2008:109,182,270–271,275–282). 

 

2.2 THE SUPPLY CHAIN 

 

2.2.1 The supply chain concept 

 

The supply chain was defined in the introductory chapter 1.2.2.2 as a set of three or 

more organisationswhich are directly linked by one or more of the upstream and 

downstream flows of products, services, finances and information from a source to 

a customer. Figure 2.1 provides a visual representation of a simplified supply chain 

and includes the local organisation, its customers, suppliers and intermediaries. 

Hugos (2006:23–27) distinguishes various supply chains based on the number of 

parties in the supply chain. According to him, the supply chain structure may be 

described in terms of a basic supply chain, an extended supply chain and an 

ultimate supply chain. The basic supply chain consists of a company, an immediate 

supplier and an immediate customer, directly linked by one or more of the 

upstream and downstream flows of products, services, finances and information. 

The extended supply chain includes the basic supply chain as well as the suppliers 

of the immediate supplier and the customers of the immediate customer. On the 
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other hand, an ultimate supply chain includes all of the organisations involved in 

the upstream and downstream flows of products, services, finances and 

information, from the initial supplier to the ultimate customer. However, it should 

be noted that two organisations ī a seller and a buyer collaborating with each other 

ī are not considered as a supply chain, but rather as a partnership. The three forms 

of supply chains are depicted in Figure 2.1. 

 

The two-way arrows in Figure 2.1 indicate not only product flows, but also denote 

flows of services, finances and information through these linkages between the 

organisations. 

 

 The final partof figure 2.1, depicts a more complex supply chain structure which 

includes third party logistics providers (3PLs) carrying out logistics activities 

between the member organisations and finance providers,  offering financial advice 

and financing activities, as well as market research organisations providing 

information about the ultimate customer to the local organisation. Moving from the 

partnership to the ultimate supply chain, the number of two-way arrows increases. 

This, in turn, implies that the flows of product, services, finance and, specifically, 

information become more multifaceted and also more difficult to manage.  
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Partnership 

 
    
  Basic supply chain 

 

   
 
  Extended supply chain 

 

   
 
  Ultimate supply chain 

   

Figure 2.1: Types of supply chains 
Source: Adapted from Mentzer (2001:7) 

 

 Mentzer (2001:7) points out that a single organisationmay be part of numerous 

supply chains that give rise to the network nature which is a characteristic of many 

supply chains. Hugos (2006:26) suggests that the mix of supply chain participants 

changes over time, thus necessitating changes in supply chain strategies. Mentzer 
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(2001:6–7) contends that the supply chain exists simply as a result of the fact that a 

distribution channel for specific products or services exists.  

 

Hugos (2006:5) suggests there is a basic pattern to the practice of supply chain 

management. Each supply chain has its unique set of market demand and 

operational challenges, and yet the decisions to be made by the supply chain, as a 

collective entity, involve production, inventory, location, transportation and 

information. However, Burt et al. (2009:37) expand these decision areas to include 

six key business functions, which have to be managed and integrated. These 

functions are: 

 

1. Creation īthe idea or design function, 

2. Finance ī the capital acquisition, financial planning and control 

function 

3. Personnelī the human resources and labour relations function 

4. Supply ī the acquisition of requisite materials, services and 

equipment 

5. Conversion ī the transformation of materials into economic goods 

and services 

6. Distribution ī the marketing and selling of the goods and services 

produced. 

 

These six key business functions are consistent with the four decision areas of 

Hugos (2006:5) as the production area of decision making may be compared with 

the conversion function, the location area includes the personnel function, the 

transportation area comprises the distribution function and the inventory area 

encompasses the supply function. Although Burt et al. (2009:37) separate the 

financial function it may still be seen as an area of decision making within each of 

the four areas as proposed by Hugos. However, according to both Hugos (2006:17) 

and Burt et al. (2009:37),these six functions are basic to a business and the sum of 

the decisions taken concerning each of these functionsconditions will define the 

capabilities and effectiveness of a company’s supply chain. In effect, it is essential 

that these decisions fulfil a set of value-adding activities, which connects the 



67 
 

company’s suppliers to its customers (Harrison,Lee & Neale, 2003:4). The supply 

chainmay as a basic unit, thus, be illustrated as shown in figure 2.2. 

 

 

  
 

Figure 2.2: The supply chain as a basic unit 
Source: Adapted from Harrison et al. (2003:4) 

 

2.2.2 Supply chain drivers and information flow 

 

The importance of information flow has been discussed briefly in section 1.2.2.4. 

The starting point for appreciating the importance of the information flow in the 

supply chain was a collection of definitions of the supply chain as provided by the 

literature. Most of these definitions encompass the flow of information associated 

with, firstly, the activities involved in transporting goods and services up and down 

the supply chain and, secondly, with integrating the linkages between the supply 

chain partners. However, a better understanding of the importance of the 

information flow in the supply chain may be derived when considering the areas 

within which each company makes the decisions that define the organisation’s 

supply chain capabilities. According to Hugos (2006:5–6), Hasan andAlim 

(2010:36–37) and Willis (2011:1–4) these areas include production, inventory, 

location, transportation and information. He goes on to definethese areas as 

performance drivers that may be managed in order to provide the required supply 

chain capabilities. A visual representation of the five supply chain drivers is 

depicted in figure 2.3. 
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Figure 2.3: The five major supply chain drivers 
Source: Hugos (2006:17) 

 

As regards these drivers on an individual basis, production refers to the capacity of 

a supply chain both to make and to store goods. The fundamental decisions that 

managers must make when faced with production problems involve how to offset 

effectiveness and responsiveness. Effective production lines almost fully utilise 

production equipment, whereas responsive production facilities typically exhibit 

excess capacity. Responsive manufacturers are able to deal with fluctuations in 

demand, whereas effective producers manufacture at lower costs as compared with 

responsive manufacturers. It is, therefore, necessary to achieve a mix of 

responsiveness and effectiveness in order to keep the overall supply chain costs 

low and to provide optimum capacity to deal with demand fluctuations in order to 

satisfy customer requirements. 

 

The second driver, inventory, includes raw materials, work-in-progress and 

finished goods. Again, a trade-off decision must be made in terms of 

responsiveness and effectiveness. Responsiveness will be achieved by holding 

large quantities of inventory throughout the supply chain but this is not cost-
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effective. Large inventories attract high carrying costs, butthe ordering cost will 

increase when ordering small lots of inventory. Accordingly, an optimum position 

must be found that allows the reduction of carrying costs, but also ensures 

sufficient inventory to manage demand variations. 

 

The third driver, location, requires decisions in terms of centralising or distributing 

manufacturing activities as well as settling on the product range best suited to each 

facility. Centralised facilities generally tend to score on economies of scale and 

efficiency, whereas decentralised facilities in more locations may provide greater 

responsiveness as they are situated closer to both customers and suppliers. Further 

parameters that must be taken into account when deciding on location include 

infrastructure, the cost of labour and facilities, the availability of skills, tariffs and 

taxes, and proximity to suppliers and customers. 

 

The fourth driver, transportation, refers to the movement of goods through the 

supply chain from the supplier to the final customer. In this case, the important 

trade-off decision between responsiveness and effectiveness is centred on the mode 

of transportation. Fast modes such as airplanes provide high levels of 

responsiveness, but are extremely costly, whereas slow modes such as trains and 

sea vessels carry large volumes and, hence, are more efficient and less costly. 

Given these transport modes, and depending on the facility location and number of 

facilities, as well as the volumes to be transported, it is essential that networks and 

routes be designed that supply the goods to the supply chain members in a cost-

effective and suitable manner. 

 

Lastly, information, considered as the fifth driver, forms the basis for all decision 

making with regard to the other four drivers in the supply chain. Without 

information and the flow of this information between supply chain members, it is 

not possible to make any real time decisions about production volumes, inventory 

positioning, or when to transport goods. However, despite the fact that accurate and 

copious information may lead to responsive operational decision making, the 

installation of systems to provide such information may be prohibitively expensive. 

Again, a trade-off decision must be made between expensive andcopious 

information, leading to efficient decision making, and less abundant information 
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which may, however, be absorbed faster and lead to decisions that are more 

responsive. For the supply chain as a whole, the member organisations must decide 

how much information may be shared and which information must be kept private. 

The more information about suppliers, customers, products, and demand and 

production schedules that may be shared, the more responsive the reaction of the 

supply chain to customer requirements.  

 

Hugo et al. (2004:38) and Madhani (2008:239) concur that information is a key 

enabler and driver of the supply chain process, which ensures supply chain 

visibility and a seamless pipeline effect. However, without modern information 

flows, the capturing of data across functional areas and organisations and the 

uninhibited and immediate interchange of data and information, it would not be 

possible for supply chainsto function. 

 

Stadtler and Kilger (2008:15) argue that information is shared freely amongst 

members in order to facilitate inter-organisational collaboration. In addition, they 

consider this as essential for an effective supply chain. 

 

Li (2008:313) contends that,as a result of the assistance of the Internet, information 

sharing between the members of a supply chain has increased dramatically. In 

addition, materials management decisions may be improved if accurate demand 

information is available, with the same holding true for demand management, as 

regardsthe availability of improved information about demand. Rapidly changing 

customer requirements not only tolerate little inventory in the supply chain but also 

require drastic modifications in the supply chain topologies. This, in turn, requires 

sufficient flexibility on the part of ERP and other systems, as supply chain needs 

keep changing (Jung, Chen &Jeong; 2007:133).  

 

Further insight into the complex information flowsthat exist in business may be 

gained by considering some of the main business processes as identified by Li 

(2008:5), namely,sourcing, production and distribution as well as the information 

flow between supply chain members. Sourcing includes the purchase of materials, 

the selection of suppliers, negotiating of contracts, formulating the purchase 

process and processing orders. Production is responsible for transforming 
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materials, parts or components into a finished product. Distribution is responsible 

for managing the flow of material and finished goods from the manufacturer to the 

customer, inclusive of handling the associated orders. These processes will be 

discussed in greater detail in the following sections (sections2.2.3to 2.2.7)   

 

2.2.3 Information flow in sourcing or order management cycle 

 

The required information and information flows associated with the stages of the 

order cycle have been detailed by Murphy andWood (2004:84–96) and are 

discussed in the following section. 

 

Order planning encompasses the customers of an organisation making a choice as 

regards what material in which quantity is required by when. In order to select the 

correct product, quantity and requirements date, wholesalers, for example, need to 

scan their inventory positions and survey the requirements of their end customers. 

In a fully integrated supply chain, such information is shared freely amongst the 

members, for example, through point-of-sale (POS), data transmission or EDI. 

However, in less integrated supply chains, this process requires telephonic 

enquiries, manual stock counts and other means of information transmission, 

including e-mails and faxes. 

 

Once the decisions regarding product, quantity and time have been finalised, the 

order must be transmitted to the organisation which either stocks or manufactures 

the particular order items. Depending on the depth of the information integration of 

the organisation and its customers, order transmittal may instantaneous by simply 

entering the order into the organisation’s order planning table, or it may be delayed 

as a result of using slower processes such as mail, fax and e-mail. Certain 

intermediate methods, such as ordering via barcode and utilising telephone lines, or 

other EDI methods, may reduce the delay time in the order transmission process. 

 

Upon receipt of the order, the organisation needs to process the order. The 

processing of an order entails the following activities: 

 

- checking order information for completeness and accuracy 
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- carrying out a credit check 

- entering the order into a computer system 

- crediting the sales person with a sale 

- recording the transactions in the accounts department 

- locating the inventory and updating the inventory records, or planning 

the order for production or assembly, thus purchasing any raw 

materials required, manufacturing or assembling the order and 

moving it into the finished goods inventory 

- transporting the items ordered to the customer 

- crediting the customer’s account and checking for payments 

according to the payment terms 

 

A more detailed account of information flows and activities is illustrated in the 

flow chart of the order processing system depicted in figure 2.4. 
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Figure 2.4: Flow chart of the order processing system 
Source: Adapted from Murphy andWood (2004:91) 

   

Following the receipt and verification of the order, as depicted in figure 2.4 above, 

the order must either be picked from the warehouse, or manufactured if in a make-

to-order environment. If the order is picked, the necessary information regarding 

material and quantity must be sent to the warehouse. After picking, the inventory 

records need to be updated. The quantities and materials picked will also be 

forwarded to the finance department which creates the records for the specific 

customers. 

 

In the case of manufacture, raw materials need to be purchased based on the bill of 

materials for the specific order. The manufacturing processes required must be 

planned on a manufacturing schedule to ensure that the processes are carried out. 

These schedules are based on the routing information for the specific material. On 
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completion of the manufacture of the product, the finished goods inventory will 

receive the material. Inventory records will be updated and the necessary 

accounting details concerning the cost accumulation of the manufacturing process 

will be posted. 

 

The final phase of the order cycle is the order delivery. Cargo loads must be 

planned in time to ensure that the product arrives timeously at the customer. The 

traffic function of the organisation informs the customer of the impending delivery. 

The finance department will send the invoice. The customer will sign the delivery 

note, which will be returned to the organisation to complete the order cycle. 

 

The above description of the order cycle clearly indicates that the efficient flow of 

information impacts significantly on the efficient completion of the order process.  

 

2.2.4 Information flow in procurement  

 

According to Hugo et al. (2006:14–23) and Benton (2007:125), the procurement or 

purchasing cycle consists of a series of consecutive tasks that must be performed in 

order to complete the cycle. These tasks include the following: 

 

- Origin of need 

- Specification 

- Source identification 

- Selection of suppliers 

- Bidding and negotiation 

- Placing the order/concluding the contract 

- Following up and expediting/contract administration 

- Receipt, inspection and distribution 

- Inspection of incoming goods 

- Handling faulty consignments and rejections 

- Analysing the invoice 

- Closing the order 

- Maintaining files and records 

- Measuring supplier performance  
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Each of these tasks requires that certain information be available if the task is to be 

accomplished. Considering the individual steps in the purchasing cycle as outlined 

above, the following information may be necessary (Hugo et al., 2006:14–23; 

Chitale &Gupta, 2006:2005–217; Monczka et al., 2010:33–43): 

 

- The user of the item purchased, the required date of receipt, and 

quantity and quality initiated by the user and sent to purchasing 

- A clear description of the above purchase requirements to the 

supplier. Technical departments or technical buyers are mainly 

responsible for delivering this information 

- The availability of the required material in the market, the price and 

the lead-time, and possible alternatives. Purchasing departments 

research the market using product catalogues and online, web-based 

applications 

- The suppliers’ capability as regards providing/manufacturing the 

material according to specification, their capacity and the technology, 

provided by the supplier. 

- Legal information on orders and contracts, company procedures and 

policies, provided by legal specialists and company management and 

given to purchasing 

- Informing the supplier of order placement, order confirmation and 

final delivery date 

- Information about delays in delivery on the part of the supplier 

- Date of receipt of material, actual quality of a material received and 

quantity received. This information is supplied to purchasing, the user 

and quality department by stores. 

- Quantity of material received, not conforming to specification, and 

tobe returned, date of return, cost of return, and date of re-delivery. 

Firstly, information about the receipt of non-conforming material will 

flow from quality to stores and purchasing, whereupon the supplier 

will be notified. The supplier or the organisation must make 

arrangements on the return of the goods, and the re-delivery of the 

outstanding order quantity. 
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- Invoice verification, compare price and quantity charged against price 

agreed upon and quantity delivered, passing on invoice to finance 

department. The supplier sends the invoice to the organisation where 

the invoice is checked. If purchasing approves the invoice, it is passed 

on to the finance department who will pay the supplier in accordance 

with the agreed payment terms. Irregularities must be resolved 

between purchasing and the supplier timeously.  

- Supplier performance. The organisation’s purchasing department will 

verify the quantities received, quality of product, price and on-time 

delivery in order to rate the supplier in accordance with procedures.  

 

The above particulars summarise the information necessary in order to 

implementthe basic purchasing process, and indicates the flow of information 

between the different parties concerned. In the case of global purchases, the 

information required is more complex as it will include information that passes 

between countries as well as involving transport across borders. The latter 

generally requires some form of customs clearance, which may be carried out by 

third party service providers. 

 

2.2.5 Information flow in manufacturing and planning 

 

Once a final demand forecast has been realised or orders are on hand, it is essential 

that the most cost effective way of satisfying this demand be found (Taylor, 

2004:215). Meeting the demand encompasses three core processes, namely, 

procuring the necessary materials, producing the goods and distributing the goods 

to customers.  

 

Taylor (2004:215–216) argues that the actual techniques used to produce the goods 

differ substantially, depending on the systems and software used to plan and 

schedule production. Generally, the items contained in the demand forecast and in 

the orders on hand are composed of different raw materials and may have to 

undergo several sequences of processes, rather than a single operation.  

The production planning and scheduling processes share information with 

customers and suppliers for their own planning processes (Swink et al., 2011:448).  
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According to Stadtler and Kilger (2008:199), the main purpose of production 

planning, involves generating detailed production schedules for the shop floor over 

a relatively short time horizon. A production schedule indicates, for each order to 

be executed, the start and completion dates and times at which the resources will be 

required for processing. Accordingly, a production schedule also specifies the 

sequence of orders to be processed as regards a give resource. The sequencing of 

orders may be further complicated by the existence of bottleneck resources.  

 

In order to generate a feasible production schedule, Stadtler andKilger (2008:202–

203) propose the building of a model, which captures the specific properties of the 

production processes and corresponding flows of materials in detail. This,, in turn, 

will allow for generating feasible plans at a minimum cost. With the aid of this 

model, the master plan may be disaggregated into individual item requirements per 

resource by balancing the available capacities. Taylor (2004:218–219) explains 

that two software modules, the distribution requirements planning (DRP) module 

and the master production schedule (MPS) module, are involved in this first step. 

These modules normally plan backward from the given completion date, but 

without considering the feasibility of the dates produced. In the second step, 

material requirements planning (MRP) re-calculates the start and end dates for each 

process, by taking into account purchasing and material constraints. Accurate 

information is essential for effective MRP performance. Swink et al. (2011:449–

450) argue that the outputs of MRP, which include information about assembled 

and finished product, such as forecasts, inventory data, lead-time estimates and 

product information, may be wrong if the inputs into the MRP planning process are 

incorrect. 

 

During the MRP planning process, although production constraints are recognised, 

no re-planning takes place. However, if the production schedule proves not to be 

feasible as a result of machine constraints, then human planners will examine the 

problem and look for alternatives. Should planners not be able to resolve the 

constraints by exploring possible alternatives, then some order delivery dates may 

have be pushed out in order to achieve a workable plan. 
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After generation of a feasible production schedule, the manufacturing of the items 

may commence. Upon completion of each process, the schedules must be updated 

and the relevant consumption of materials in that process be posted to the inventory 

ledger. Upon completion of the product, the quality status of the product may be 

appraised and recorded. Once the product has been found to comply with 

specification, it is released into finished goods for delivery. 

 

2.2.6 Information flow in demand management 

 

According to Stadtler andKilger (2008:135–158), effective demand management or 

demand planning may lead to significant benefits by reducing inventories and, 

thus,decreasing cost. The main issues surrounding demand management include 

demand forecasting, demand simulation (what-if analysis) and safety inventory 

determination. Stadtler andKilger (2008:134–135) argue that the main 

characteristic of forecasts is that the forecasts are wrong although the accuracy of 

forecasting directly influences the quality of the processes using the forecast. In 

order to achieve high forecast accuracy, it is necessary to implement appropriate 

control mechanisms. The difference between planned and actual sales as per 

forecast influences the service level of the entire supply chain. Whilst safety stock 

acts as a buffer against uncertainties, the main activities in demand management 

should focus on the reduction of uncertainties. Demand planning implies predicting 

the future as accurately as possible and, therefore, demand planning requires that 

all the relevant information from the supply chain be taken into consideration. 

Ballou (2004:287) contends that demand varies in time as a result of growth and 

decline, seasonality and general fluctuations in sales rates, whereas spatial 

variations involve the location from where the requirements emanate. According to 

him, most short-term forecasting activities involve temporal variations, known as 

time series.  

 

The information required in order to forecast future demand begins with the 

customer requirements as forwarded by the sales personnel while marketing 

intelligence and economic indicators may constitute further inputs into demand 

forecasting. Ballou (2004:288) rationalises that products are forecast in terms of 

product groups, which exhibit various demand patterns over time. Demand 
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mayusually be decomposed into trend, seasonal and random components. There are 

different methods available with which to forecast these components of 

demand,including (Stadtler & Kilger, 2008:134–148; Ballou, 2004:291–310): 

 

- Statistical methods 

- Qualitative methods  

- Historical projections 

- Causal methods 

 

Once the demand for a specific product group has been forecast and decomposed 

into individual items, using one of the above methods, the demand data constitutes 

input into the master production planning process, as detailed in the previous 

section.  

 

However, demand simulation incorporates additional information, which was not 

previously considered. This additional information may include information 

originating from promotions, marketing campaigns, changes in the number of 

stores and other information that may be perceived to have an influence on 

demand. These additional outcomes may be used in the master planning process. 

 

However, it is not possible for one organisation in isolation to plan overall supply 

chain demand. Accordingly, collaborative forecasting in the supply chain involves 

collecting and reconciling the information from diverse sources, both inside and 

outside the company, with the aim of developing a single, unified statement of 

demand for both the company and the entire supply chain (Li, 2008:117).  

 

2.2.7 Information flow between supply chain members 

 

Having discussed the fundamental business processes and the associated 

information flows, it becomes apparent that it is incumbent on each member of the 

supply chain to accomplish these processes. In fact, a supplier's sales form another 

company's purchases until the final customer has been reached (Hugo et al., 

2004:254–256) ī see figure 2.5 below. If a company is able to integrate the back-

end systems of its supplier with its own backend systems, thus, expediting the flow 
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of information, it is possible to realise significant benefits, including the reduction 

of stocks and the need for warehousing. In addition, by integrating the supply chain 

electronically and automating tasks, overall supply chain costs may be reduced 

(Hugo et al., 2004:256).  
   

 
Figure 2.5: Information flow between supply chain members 

Source: Adapted from Hugo et al. (2004:255) 

 

Scala Business Solutions NV (2004:7) emphasises that it is vital for a supply chain 

that crosses multiple organisations to generate value so that the individual 

participants are able to see, in near real time, the upstream demand and 

downstream supply. This means that systems need to communicate and be able to 

share information, both internally and externally. Traditional paper-based 

transactions are becoming increasingly obsolete. Most of the required information 

should be recorded electronically and associated transactions should be performed 

with a minimum of human intervention. Ideally, all the participants in the supply 

chain would support real-time, online communication, and sharing data using non-

proprietary standards with extremely low cost of entry for new participants. 
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2.3 SUPPLY CHAIN MANAGEMENT (SCM) 

 

2.3.1 Concepts 

 

Mentzer (2001:7) contends that a supply chain exists in business, while supply 

chain management represents overt management efforts on the part of 

organisations in the supply chain. In view of the complex structure of the supply 

chain, the question arises as to what supply chain management should encompass 

and, thus, how it may best be defined. The literature provides several definitions 

for SCM with the following examples illustrating various approaches to defining 

SCM. 

 

Long (2003:44) defines SCM as “the way the links are integrated to promote 

efficiency”, thus emphasising supply chain integration. 

 

Stadtler andKilger (2008:21) define SCM as “integrating organizational units along 

a supply chain and coordinating material, information and financial flows in order 

to fulfil (ultimate) customer demands with the aim of improving competitiveness of 

a supply chain as a whole”. Similarly, Bauer et al. (2001:4) suggest that “SCM 

becomes the methods, systems and leadership that continuously improve an 

organization’s integrated processes for product and service design, purchasing, 

inventory management, planning and scheduling, logistics, distribution and 

customer satisfaction”. On the other hand, Ballou (2004:7) focuses on “managing 

the product and service flows in the most efficient and effective manner”. All these 

definitions clearly accentuate the process nature of supply chain management.  

 

Other writers stress the systems approach to SCM, viewing the supply chain as a 

single entity. For example, Hugos (2006:4) advocates that “SCM views the supply 

chain as a single entity. It brings a systems approach to understanding and 

managing the different activities needed to coordinate the flow of products and 

services to best serve the ultimate customer”. Murphy (2004:37–38) adopts a 

comparable view that “supply chain management requires organisations to apply 

the systems approach across all organizations in the supply chain”. 
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Mentzer (2001:22) offers the following broader and more general definition of 

SCM. This definition will be adopted for the purposes of this research, as it 

synthesises most of the disparate aspects of the supply chain management 

definitions: 

 

SCM is defined as the systemic, strategic coordination of the traditional 

business functions within a particular company and across businesses 

within the supply chain, for the purpose of improving the long-term 

performance of the individual organisations and the supply chain as a 

whole. 

 

In addition, Mentzer (2001:9) points out that the definitions offered by 

variouswriters (also as mentioned above) may be organised into three categories, 

namely, a management philosophy, implementation of a management philosophy 

and a set of management processes. These are discussed briefly in sections2.3.1.2 

to 2.3.1.4. The next section discusses the evolution of supply chain management 

strategy.   

 

2.3.1.1 The evolution of supply chain management strategy 

 

This section will conceptualise the evolution of supply chain management strategy 

in greater detail.  
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Figure 2.6: The evolution of supply chain management strategy 

Source: Hugos (2006:21) 

 

According to Hugos (2006:20), the participants in the supply chain are 

continuously making strategic decisions regarding the way in which they manage 

the five supply chain drivers, namely, production, inventory, location, 

transportation and information. Each organisation tries to maximise its 

performance in dealing with these drivers through combinations of outsourcing, 

partnering and in-house expertise. However, in the past, especially in the industrial 

age, it was a common strategy for organisations to integrate vertically and, thus, 

gain control over the supply chain. Such vertically integrated supply chains, 

however, served slow moving mass-markets only as it was the aim of these supply 

chains to gain maximum efficiency through economies of scales.  
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However, as a result of globalisation, intense competition and the rapid pace of 

technological change, slow moving mass-markets have given way to fast-paced, 

fragmented, smaller markets which requiremore flexible supply chains. 

 

Iforganisationsare to become more flexible and reliable, it is essential that 

organisations recondition themselves and adopt new strategies (Turban et al., 

2007:3). In addition, inorder to attain high levels of operating efficiency and to 

keep pace with the constantly changing technology, organisations now focus on 

their core competencies and find other organisations to carry out the other activities 

required in the supply chain. In other words, vertical integration has been replaced 

with virtual integrationī see figure 2.6. The way in which a company defines its 

core competencies and how it positions itself in the supply chain it serves are the 

most important strategic decisions a company may make (Hugos, 2006:23).  

 

2.3.1.2 Supply chain management as a management philosophy 

 

According to Mentzer (2001:9), SCM requires a systems approach to viewing the 

entire supply chain as a single entity, rather than as a collection of individual 

organisations, with each organisationfocusing on its own interest. This view is 

confirmed by Hugo et al. (2004:10), who contend that the supply chain should be 

managed from an overall perspective, a holistic approach or systems paradigm, in 

terms of which one entity is ultimately responsible for ensuring that all the goals of 

the SCM are attained. However, Hugo et al. (2004:9) also explain that this is no 

easy task, considering the individual interests of the organisations involved in the 

particular supply chain. It is, thus, necessary to integrate the goals of the individual 

organisationsinto those of the entire supply chain as only then will it be possible to 

balance the customers’ requirements with the profit and growth motives of the 

organisations concerned. 

 

This view is shared by Stadtler andKilger (2002:8–9) who are of the opinion that 

no single company is solely responsible for the competitiveness of its product or 

services. Accordingly, competition has shifted from single organisations to supply 

chains. Nevertheless, despite the fact that competitive supply chains deliver 

superior customer service in the eyes of the ultimate customer, it is essential that 
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the goals of the individual organisations,as regards being able to make a profit and 

to grow,not be ignored. In order to convince an organisation to become part of a 

specific supply chain, a win-win situation must be established for each participant 

in the long term, although this may not always be the case in the short term. 

Stadtler andKilger (2002:9) also point out that there are two ways of improving 

competitiveness: firstly, closer integration of the organisations involved in the 

operation of the supply chain and, secondly, the enhanced coordination of material, 

information and financial flows. 

 

Mentzer (2001:9) elevates the integration efforts of organisations to the 

convergence of intra- and inter-organisation strategic capabilities into a unified, 

compelling market force. He also proposes that SCM, as a management 

philosophy, should exhibit the following characteristics: 

 

¶ A systems approach to viewing the distribution channel as a whole, and to 

managing the total flow of goods inventory from the supplier to the ultimate 

customer 

¶ A strategic orientation toward cooperative efforts to synchronise and 

converge intra-organisation and inter-organisation operational and strategic 

capabilities into a unified whole, and 

¶ A customer focus designed to create unique and individualised sources of 

customer value, thus leading to customer satisfaction.  

 

2.3.1.3 Supply chain management as a set of management processes 

 

Mentzer (2001:13) defines a process as a specific ordering of work activities across 

time and place, with a beginning, an end, clearly specified inputs and outputs, and 

a structure for action. If this concept of a process is applied, then several of the 

SCM definitions provided in the literature may be classified in the category of 

management processes For example, Van Eck (2003:4) adopts the following 

definition of SCM, namely, “a process for designing, developing, optimizing and 

managing the internal and external components of the supply system …”, thus 

emphasising the process character of SCM. Angerhofer andAngelides (2000:343), 
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and Simatupang, Wright andSridharan (2002:290) propose a “process–oriented 

approach to procuring, producing and delivering products and services”. Lambert 

(2008:5) also highlights the implementation of business processes and refers to 

both strategic and operational sub-processes and the management of these sub-

processes in order to integrate the supply chain. In his definition of SCM, Gesatzki 

(2001:1) refers directly to the management tasks of planning, managing and 

controlling the internal and external flows of products, information and finances. In 

conclusion, all the definitions cited above share the common feature that the supply 

chain is managed by a set of processes, which are recognised as key processes. 

According to both Mentzer (2001:13) and Lambert (2008:5), these key processes 

typically include 

 

- customer relationship management 

- supplier relationship management 

- customer service management 

- demand management 

- order fulfilment 

- manufacturing flow management 

- procurement 

- product development and commercialisation  

- returns management. 

 

2.3.1.4 Supply chain management as an implementation of a management philosophy 

 

Once organisations have adopted a supply chain management philosophy, they 

need to identify the activities necessary to implement this philosophy and which 

enable them to operate in a manner consistent with the goals of that philosophy. 

Mentzer (2001:10) argues that it is essential that organisations demonstrate 

integrated behaviour, specifically with a view to integrating the supply chain, both 

internally and externally. According to him, certain activities will have to be 

identified if the philosophy is to be implemented. Accordingly, this set of activities, 

which represents a coordinated effort, may be viewed as supply chain management.  

 



87 
 

However, it is not easy to develop integrated behaviour and/or an integrated supply 

chain in which all the participants share the same goal and focus of serving the 

customer. Hugo et al. (2004:13–14) argue that the evolutionary process of 

integrated supply chains, that includes forging linkages, partnerships and strategic 

alliances, is a slow process which requires the building of trust and synergy 

amongst all the supply chain partners. Bauer et al. (2001: 18–20) corroborate this 

view by emphasising that organisations do not start with a perfectly aligned supply 

chain organisation, but follow a development pattern as depicted in figure 2.7.  

 

According to Bauer et al. (2001:18–19),a company pursuesthe internal optimisation 

of its logistical and supply chain operations by applying best practices in the 

industry sector. This is depicted in figure 2.7,first section “Supply chain 

optimisation”. The second section of figure 2.7 depictsorganisations trying to 

implement advanced supply chain management processes such as improved 

partnering and supply chain collaboration. The third sector of figure 2.7 implies 

that organisations start implementing e-commerce and, specifically, internet 

procurement procedures. The fourth sector represents the implementation,in order, 

of more customer focused, web-based applications as well as creating alliances 

with partners who are able to provide top class services. This last sector 

specifically sets itself apart from the previous stages by building advantages for the 

business concerned and providing a global visibility of its supply chain activities 

and virtual manufacturing and distribution systems, in order to bring about speed 

and flexibility.   
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Figure 2.7: Supply chain evolution model 
Source: Bauer etal. (2001:18) 

 

Mentzer (2001:12) and Hugo et al. (2004:13–14) agree with a four-stage 

development model. However, the first stage in their model represents a baseline 

case in which the supply chain represents a fragmented operation of individual 

organisations. In their second stage, organisations start focusing on internal 

integration. Mentzer (2001:12) believes that, during this 

stage,organisationscontinue to concentrate on cost reduction instead of 

performance improvement, whereas Hugo etal. (2004:13) contend that, at this 

stage, the company has reached internal integration and is formulating long-term 

plans to integrate the entire supply chain. According to Mentzer (2001:12), it is 

only in the third stage that organisations integrate fully. However, Hugo etal. 

(2004:14) claim that organisations begin reaching out to construct the supply chain 

network and start formulating partnerships and strategic alliances in this stage. 

Nevertheless, both Mentzer (2001:12) and Hugo etal. (2004:14) agree that full 

external and internal integration is reached in the fourth and final stage.  
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However, despite the fact that there is some divergence of opinion between these 

writers as regards the development level at each stage, they do agree that the 

evolutionary supply chain integration process requires time and follows certain 

developmental stages before the supply chains become fully integrated. 

 

In addition, in order to attain internal and external supply chain integration, 

Mentzer (2001:11) proposes that supply chain participants carry out the SCM 

activities as depicted in table 2.1. 

 

Table 2.1: Supply chain management activities 
 

Number Activity 

1 Integrated behaviour 

2 Mutual sharing of information 

3 Mutual sharing of channel risks and rewards 

4 Cooperation 

5 The same goal and the same focus of serving customers 

6 Integration of processes 

7 Partners to build and maintain long-term relationships 

 

Source: Mentzer (2001:11) 

 

2.3.1.5 Integrated view of supply chain management 

 

Subramanya andSharma (2008:1) define supply chain management (SCM) as the 

integration of key business processes from end user through original supplier and 

that provides products, services and informationwhich add value for both 

customers and stakeholders. By integrating the supply chain, organisationsare able 

to manage the supply chain through the use of information technology and systems 

(Salo & Karjaluoto, 2006:22). 

 

According to Awad andNassar (2010:51),the information systems used in SCM 

facilitate inter-enterprise cooperation and collaboration with suppliers, customers 
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and business partners. They assert that business process integration and redesign 

are important components of the management of the integration of supply chains. 

However, they also argue that integration not only involves the implementation of 

information systems, such as enterprise resource planning (ERP) and ensuring that 

these systems communicate or interface with the legacy systems, but that 

integration also involves integrating ERP with customer relationship management, 

e-procurement and e-marketplaces, as well as making them available over the 

WorldWideWeb in order to foster cooperation and collaboration across the entire 

supply chain. 

 

Subramanya andSharma (2008:1) argue that information should be readily 

available to all organisations in the supply chain and that the business processes 

should be structured in such a way as to make full use of this information.  

 

The complexity of information flows in each member company and between the 

member organisations of a supply chain has been detailed in the previous sections. 

Quad Inc. (2003:2–3) argue that it is obligatory for a company to transform data 

into actionable information in order to reduce cost, improve the quality of decision 

making and reporting and reduce the time required to market. Enterprise-wide 

information flow is the foundation for automating processes and streamlining 

operations. In addition, it will enable speedy access to all the necessary information 

required to make decisions, from every information system in the enterprise, 

seamless data exchange, the quick and cost-effective addition of new applications 

and fast adaptation to changes within the business environment and as regards 

demands. 

 

Despite emphasising the benefits of supply chain integration and, specifically, 

information integration in the supply chain, Drake (2006:8) reports that few, if any, 

supply chains are fully integrated throughout the entire channel. Consequently, 

organisationsare not experiencing all of the benefits of supply chain management. 

Ballou (2004:6) concurs with this opinion. According to him, a study found that 

organisations do not practise SCM in its broadest sense, but limit their SCM 

activities to one tier upstream and one tier downstream. The literature presents 

examples of the difficulties associated with supply chain integration. Hugo et al. 
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(2004:72–74) reiterate that barriers to successful integration do exist. These 

barriers include the following: 

 

- The multiple variable problem. When redesigning the supply chain, a 

multitude of factors and variables in difficult-to-control circumstances 

present themselves, and are exacerbated by nonlinear and non-

sequential flow and process problems 

 

- Complexity of the logistic network. As a result of the complexity of 

supply chain networks, mistakes are made before the perfect 

configuration is found. 

 

- Conflicting objectives. Each supply chain partner plays a different 

role to that of the other partners. In the case of low vertical integration 

levels, trade-offs are increasingly difficult to resolve. 

 

- Dynamic, ever-changing nature of the supply chain. Changes in the 

form, configuration, relationships, capacities and capabilities are 

ongoing. Optimisation routines may have to be revised often and 

adapted to the new conditions. 

 

- Efficiency trap. Supply chain managers often focus inwardly on 

optimising the operations of a particular organisation, rather than 

generating overall supply chain value. 

 

- Lack of trust and process ownership. Mistrust and fear between 

supply chain partners are major obstacles to the integration effort and 

may lead to the partners not sharing information, although the 

information may be available. Resistance to change and a lack of 

communication also impact negatively on the integration process. 

 

- Inventory management is not less difficult. Inventory problems may 

occur during the integration process with these problems originating 

in ever-present delays, slowdowns resulting from delays in material 
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shipments and delayed communication on inventory statuses in the 

supply chain. 

 

 

Murphy (2004:1–7) adds the cost and availability of technology as an additional 

barrier to supply chain integration. He argues that direct system integration is 

costly and that operating large networks is extremely resource intensive. In many 

cases, it is the larger organisationsonly that are willing to invest in such 

technology. 

 

Fawcett,Magnan and McCarter (2005:3) add unwillingnessas regards information 

sharing, inadequate technology, misinterpretation of feedback among supply chain 

partners, organisational culture and structure, and a lack of managerial 

commitment to the list of barriers to supply chain integration. 

 

However, as regards the barriers to supply chain integration, it must be emphasised 

that it is not only the lack of electronic integration but also human and 

organisational behaviour that lead to restraints in the information flow, as outlined 

above. Logical reasoning will, therefore, infer that removing the barriers will 

facilitate an improvement in the information flow. In fact, Hugo et al. (2004:74) 

list the following key success factors that must be realised if supply chain 

integration is to succeed. 

 

- Organisational commitment and buy-in on the part of the top and 

middle management in all the supply chain partner organisations 

- An unambiguous and realistic definition of the benefits for the supply 

chain and all its members 

- Flexibility, agility and transparency in operational systems, processes 

and organisational structures 

- Effective and efficient utilisation of information and communication 

technologies throughout the chain 

- Supply chain leadership and a creation of a common vision for 

integration 
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- Effective utilisation of cross-functional and cross-organisational 

teams 

 

According to Hugo et al. (2004:74), the above key success factors must be 

incorporated into and managed by the integration process if the supply chain is to 

be integrated successfully. 

 

Fawcett andMagnan (2001:14–15) recognise that managers rely either on 

compartmentalised integration programs (ERP, CPFR, etc) or on ad hoc 

approaches to achieving the conceptual ideas of a seamless, value-added process. 

However, according to them, such approaches fail to provide the vision and 

understanding necessary to building an integrated supply chain.  

 

However, it may be stated conclusively that the integration of a supply chain leads 

to improved information flows throughout the supply chain, as organisations 

consider systems to improve their data availability and data accuracy during the 

integration process so as to increase their response capability (Harrisonet al., 

2003:96–97). In other words, information flow throughout the supply chain is 

indispensable for the proper functioning of the entire supply chain as a complete 

entity. 

 

Although the supply chain management definitions offered by several writers may 

be categorised into three different groups, it is essential that these categories not be 

considered in isolation, but as an attempt to formulate an integrated supply chain 

management definition. In fact, Min and Mentzer (2004:2) propose that 

organisations in the supply chain need first to recognise the systemic, strategic 

implications of the activities and processes involved in managing the supply chain 

ī known as supply chain orientation (SCO). Accordingly, they termed the actual 

implementation of the supply chain orientation across the supply chain and its 

members supply chain management (SCM). Mentzer (2001:14) emphasises, that it 

is not possible for a company which does not possess a supply chain orientation to 

implement SCM as such a company lacks the required underlying philosophy. 

Furthermore, he indicates that, althoughan organisation would be able to 

implement SCM techniques on a non-integrated basis if it had the required SCO, 



94 
 

this would not lead to supply chain management, as it is essential that the SCO be 

present across the entire spectrum of organisations in the supply chain. Only if all 

the member organisationsexhibit a supply chain orientation, realising the activities 

as presented in table 2.1, will these organisationsbe able to implement SCM.  

 

In other words, a supply chain orientation represents a management philosophy, 

whereas supply chain management corresponds to the sum total of all the overt 

management actions undertaken to realise this philosophy. 

 

2.3.2 The management of supply chains  

 

2.3.2.1 Introduction 

 

The previous sections detailed the multifaceted nature of supply chain management 

(SCM). The question then arises as to the way in which such a complex structure 

as a supply chain network may be managed. If SCM is considered in the context of 

the business framework, then the goal of SCM is to achieve a sustainable 

competitive advantage (Li, 2008:5). Harrison et al. (2003:4) contend that SCM 

may be divided into a strategic component ī supply chain design ī and a 

tactical/operational component ī supply chain execution. Hugo et al. (2004:16–18) 

also support this view when they refer to the general tasks of SCM as including 

supply chain design and to SCM as a management process inclusive of supply 

chain planning, organising and execution, as well as the implementation and 

controlling of the supply chain.  

 

The management of the SC through (1) supply chain strategies, (2) supply chain 

design, (3) supply chain planning and execution and (4) supply chain measurement 

will be discussed in more detail in the following sections. 

 

2.3.2.2 Business and supply chain strategies 

 

Strategies are an essential aspect of running a business (Webster, 2008:348). 

According to Hines (2004:33), strategy has its origin in the Greek word strategos 

which means “general”,although the word has been interpreted differently in the 
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modern literature. He contends that the wider interpretations of the word refer to 

“getting to a chosen position”’ and “the means (how) to achieve the ends 

(objectives)”. The latter of the two interpretations is the focus of several narrower 

interpretations. Hugo et al. (2004:23) and Swink et al. (2011:27) offer the 

following more detailed description, namely, “the direction and scope of an 

organization over the long term; which ideally matches its resources to its changing 

environment and, in particular, its markets, customers or clients so as to meet 

stakeholders’ expectations”. Strategy may also be described in terms of the state of 

being forward looking, integrating complex issues and countering the effects of 

turbulence and uncertainty.  

 

Hugo et al. (2004:23) emphasise that it is essential that organisationsbe strategy 

and learning focused if they wish to survive in the competitive marketplace of 

today. This also applies to supply chains. In order to be successful, strategies must 

be implemented into the organisation and operationalised, thus aligning the 

organisation and the different levels of the business, namely, corporate level, 

business unit, functional unit and supply chain (Swink et al., 2011:26–27). This, in 

turn, implies that an SCM strategy should be an inherent part of the business 

strategy (Stadler & Kilger, 2008:21). 

 

Hines (2004:56) asserts that organisations realise competitive advantage if they 

adopted one of the following three generic strategies, namely, lowest cost, 

differentiation or focus strategies. Typically, low-cost strategies rely on high 

volumes and low unit profitability which, when combined, achieve higher than 

normal returns on investment. The returns achieved by a differentiation strategy are 

higher than normal returns as a result of higher unit prices at lower volumes. A 

focus strategy may also employ cost or differentiation strategies. As depicted in 

figure 2.8, organisations, which attempt to pursue a mixed strategy of low cost and 

differentiation become “stuck” in the middle. 

  



96 
 

 

   

  

 

 

 

 

 Figure  

 

 

Figure 2.8: Return on investment versus chosen strategy 

Source: Hines (2004:57) 

 

The choice of strategy depends largely on environmental, market, political, social 

and global factors. Supply chain strategies are conducted under the umbrella of the 

corporate strategy of the organisation (Hines, 2004:57). However, if they are to be 

effective, it is essential that SCM strategies fit strategically into the corporate 

strategy. According to Hugo et al. (2004:23–24), the following ways have been 

identified in which an SCM strategy may add value to a corporate strategy: 

 

- Creating a cost advantage 

- Focusing on value adding 

- Delivering superior customer service 

- Designing for flexibility 

- Innovating 

- Creating a productivity and efficiency advantage 

 

Although Hines (2004:56) agrees with the above findings, he maps the above SCM 

strategies against the three generic strategies mentioned above. According to Drake 

(2006:3–7), strategic advantages that may be achieved by SCM include cost, 

quality, flexibility and response time. 
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Once an appropriate strategy has been chosen, the supply chain must be designed 

in such a way that it provides a seamless and integrated flow of materials and 

information. The activities involved in supply chain design will be discussed in the 

following section.   

 

2.3.2.3 Supply chain design 

 

According to Stadler andKilger (2008:87–88), supply chain design refers to the 

process of determining the supply chain infrastructure ī the plants, distribution 

centres, transportation modes and lanes, production processes, etc. that will be used 

in order to satisfy customer demand. These activities are strategic in scope and use 

a time horizon of several months or even years.  

 

Harrison et al. (2004:6–7) contend that supply chain design addresses a wide range 

of strategic infrastructure issues in an organisation. The following include 

examples of the typical key issues to be considered: 

 

- Manufacturing  

i. How many plants are needed? 

ii. Where should each plant be situated? 

iii. Which products should each plant produce? 

iv. Which process technology should each plant employ? 

v. What markets should each plant serve? 

 

- Supply base design 

i. Simultaneously select suppliers for all parts within 

commodity groups  

ii. Allocate suppliers to plants 

iii. Determine selection criteria 

 

- Distribution 

i. Should stock be shipped directly from each plant? 

ii. How many distribution centres are needed? 

iii. Which distribution centre will serve which customers? 
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iv. What transportation modes will be used? 

 

-  Outsourcing 

i. Cost trade-off versus service considerations 

ii. What portion of the supply chain will remain in-house versus 

outsourced? 

 

- New product and design process 

i. What infrastructure should be used when adding new items 

to an existing line? 

ii. At what demand points are new sources of supply needed 

and where should they be located? 

 

In order to provide answers to these questions, supply chain modelling may be 

used as a tool to predict the expected organisational and supply chain performances 

(Stadler & Kilger, 2008:81; Li, 2008:51).  

 

Hugo et al. (2004:76–80) emphasise design constructs on a more functional level. 

These specifically include push–pull demand strategies, vertical coordination, 

design for efficiency and parallel processing. According to Stadler andKilger 

(2008:19–21),it is vital that business functions be aligned with business strategies 

and, thus, basic business processes must be analysed, evaluated and improved. In 

addition, the fundamental network structure of both suppliers and customers must 

be improved. These activities may be accumulated under the umbrella of business 

process mapping. The industry standard Supply Chain Operations Reference 

(SCOR) model may be used to assist this process. SCOR has been developed and is 

distributed by the Supply Chain Council (www.supply-chain.org). SCOR attempts 

to capture the current or “as-is” state of the supply chain processes and derive the 

desired state of a process through benchmarking and best practices analysis (See 

figure 2.9 below)(Coyle et al., 2003:495–498). 
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Figure 2.9: Supply chain operations reference model for business process re-

engineering 

 Source: Supply Chain Council (www.supply-chain.org, 2005) 

 

SCOR provides a framework for mapping the main supply chain processes, 

measuring the performance of the processes by means of a pre-defined set of 

measures, as well as considering cross-industry best practices that, when employed, 

may enhance performance (Kent, 2006:3). Once the current business processes 

have been mapped and the operational performance established against the 

competition, then future state options may be considered. The future state supply 

chain designs must seek to incorporate the best practices contained within the score 

model as well as the best practices already established in the company (Kent, 

2006:3). As pointed out earlier in the section, operations research techniques, such 

as optimisation and modelling, may be used to prove the validity of the new future 

state supply chain design.   

 

http://www.supply-chain.org/
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Once the supply chain has been designed and the design been validated, the supply 

chain operation then requires planning and execution. 

 

2.3.2.4 Supply chain planning and execution 

 

Supply chain planning and execution refers to the process of determining tactical 

and operational issues such as inventory policies and deployment, manufacturing 

and service schedules and transportation plans. In all these instances, production 

and transportation data usually vary within a known probability distribution, while 

the infrastructure is assumed to be fixed. The time period for the analysis typically 

spans days, weeks or months and focuses on implementing detailed, short-term 

plans (Harrisonet al. 2003:4). 

 

According to Scala Business Solutions (2004:8–9), supply chain planning and 

execution include the following activities: 

 

- Supply chain planning 

i. Demand forecasting 

ii. Supply planning 

iii. Configuration planning 

 

- Supply chain execution 

i. Material management 

ii. Manufacturing and shop floor control 

iii. Purchase management 

 

These activities are all covered by the scope of the SCOR model. As a reference 

model SCOR has identified five management processes, namely, plan, source, 

make, deliver and return (Swink et al., 2011:42; Webster, 2008:353). 

 

The “plan” dimension encompasses the demand and supply planning and 

management. This task typically involves the balancing of resources with 

requirements, the establishment and communication of plans for the entire supply 

chain and the execution of processes. Demand forecasting involves the estimation 
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and management of the customers’ requirements. Specifically, it requires the 

gathering of information about the unmet needs of the customers and the sharing of 

demand information with all the relevant supply chain members. Webster 

(2008:353) refers to the “plan” element as the development and enabling of supply 

chain plans, source plans, make plans, deliver plans and return plans.  

 

As regards the “source” activity deliveries are scheduled, receipts verified 

payments authorised, suppliers identified, assessed and selected and inventory 

managed. 

 

The “make” activity refers to the scheduling of production, issuing and testing of 

products,as well as the management of performance, data, work-in-process, 

equipment and facilities, the production network and compliance with regulatory 

requirements. 

 

The “deliver” dimension deals with the management of orders, customer enquiries, 

shipment routing, warehouses, receipt and verification of product at customer site, 

finished product inventories, information and transportation. The “return” activity 

involves all those processes involved in the return of goods from the customer as a 

result of incorrect delivery or paperwork or defective product.  

 

The above supply chain planning processes interact with each other and are 

extremely complex. In addition, in order to achieve the desired performance from 

the supply chain, it is necessary to monitor and control operations on a daily basis. 

This, in turn, requires some form of comparison of performance accomplished 

against a laid down standard, or a form of measurement allowing for such a 

comparison. This will be discussed in the next section. 

 

2.3.2.5 Supply chain measurement 

 

 The complexity of the supply chain operation, integration and coordination makes 

it difficult to measure the performance of the entire chain (Coyle et al, 2003:482–

483). In addition, it is essential that the measures selected represent both the supply 

chain operation and its variables in reality (Hugo et al., 2004:100). The measures 
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also need to provide management with an overview of the performance of the 

organisationand/or the supply chain (Santos et al., 2006:1). In order to accomplish 

a comparison both between the organisations and between divisions within the 

organisation, measures need to be designed which are suitable for both internal and 

external performance measurement. 

 

 Hugo et al. (2004: 101–102) contend that traditional measures relied heavily on 

financial and cost measures such as return on investment (ROI) and profitability. 

However, the supply chain is not driven merely by cost, but by any decision taken 

in terms of any of the supply chain drivers, but mainly production, inventory, 

location and transportation ī see figure 2.3. Specifically, these decisions will 

influence variables such as quality, speed, transparency, responsiveness, 

collaboration and throughput, as well as the financial variables. 

 

Although it would appear that supply chain performance measurement has been 

insufficiently researched (Hugo et al., 2004:101), nevertheless, it is possible to find 

traces of diversified development through to fully encompassing models. The 

supply chain scorecard of Santos et al. (2006:2–4) is an example of such 

developments. They proposed a supply chain performance measurement 

framework based on the four perspectives of the generic balanced scorecard,which 

had been developed by Norton and Kaplan. These four perspectives include: 

 

- Customer perspective 

- Business process perspective 

- Financial perspective 

- Innovation and learning perspective 

 

Each of these BSC perspectives encompasses a number of KPIs, which may be 

selected depending on their relative level of importance in each business and 

supply chain. The supply chain BSC of Santos et al. (2006:1–2) is depicted in 

figure 1.4. 

 

Another example of the variety of KPI’s that may be used in the SCM performance 

measurement context emerges from a study involving a performance measurement 
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framework and which was conducted by Von Haaren andMalyshko (2007:11). This 

proposed performance measurement framework comprises five balanced scorecard 

perspectives, including the four perspectives mentioned above, but with the 

additional perspective of “cooperation”.  

 

Santos et al. (2006:2–4) and Von Haaren andMalyshko (2007:11) define specific 

KPIs and metrics that may be used to evaluate supply chain performance, given 

certain key assumptions such as strategy and the network selected.  

 

 A more in-depth discussion of scorecards and other measurement frameworks will 

be provided in section 2.4.  

 

2.3.3 Information systems and supply chain management 

 

2.3.3.1 Introduction  

 

According to Simchi-Levi et al. (2009:407), information technology is an 

important enabler of effective supply chain management and, typically, spans the 

entire enterprise and beyond, encompassing suppliers at one end and customers at 

the other. However, in order to utilise information in supply chain management, 

information needs to be collected, analysed and shared for the purpose of 

collaboration (Simchi-Levi et al., 2009:414). In an effort to achieve this, Swink et 

al. (2011:299) argue that organisations can integrate their information systems with 

key suppliers. According to them, buyers can have supplier portals on their 

websites so that suppliers are able to access the buyer’s scheduling information. 

Current scheduling information helps suppliers to establish priorities and carry out 

more effective operations planning. As a result, changes in schedules may be 

discussed between buyer and suppliers. 

 

Customer relationship management software, which may form part of supply chain 

management information systems, has been developed to analyse and manage data 

from numerous sources both within and outside of organisations (sales calls, actual 

quantities purchased, call centres) so as to gain greater insight into the buying 

behaviours of customers (Swink et al., 2011:273–274).   
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Furthermore, in an attempt to reduce the total cost of the supply chain operation, 

organisations have been using optimisation models in the areas of sourcing, 

manufacturing, transportation, warehousing and customer service management 

(Van Eck, 2003:35; Shapiro, 2002:1; Li, 2008:5). Such models, which may form 

part of other stand-alone solutions, endeavour to provide optimisation by 

integrating certain of the above areas. The fact-based decision making and 

optimisation accomplished by these models has helped many organisations to 

produce plans that have enabled these organisations to reduce their supply chain 

costs significantly. 

 

Lee (2003:1–2) is of the opinion that sound and scientifically based inventory 

replenishment models, which incorporate statistical and operations research 

techniques, are needed. These techniques are necessary in order to analyse the 

richness of the data and to deduce the required patterns, trends, variability and 

dynamics of customer demand. In addition, these scientific techniques enable 

organisations to balance various costs ī inventory, transportation, handling 

warehousing and other direct and indirect labour ī while simultaneously rendering 

optimal services to their customers. However, such a balancing act requires timely 

and accurate data, coupled with appropriate analytical techniques (Lee, 2003:1–2). 

 

In the wake of faster and growing computer technology, more sophisticated 

modelling and optimisation methods have become both possible and available 

(Van Eck, 2003:35–36). However, according to Ganeshan and Harrison (1995:1–

3), such models are huge and require a considerable amount of data. Nevertheless, 

as a result of the enormity of data requirements and the broad scope of decisions, 

these models often provide approximate solutions to the problems they describe. 

 

With the development of optimisation from operational research methods, through 

MRPI/II programs and ERP packages to advanced planning and scheduling (APS) 

software, the aim of the next section is to provide a historical overview of the 

software development. 
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2.3.3.2 Historical perspective 

 

Up to approximately 50 years ago, supply chains, mostly internal ones, were 

designed and managed using pencil and paper with a little help from calculators 

(Taylor, 2004:111). Computers then made their appearance and individual 

mathematical models were developed to manage schedules, capacity and 

inventories. During the 1980sand 1990s, manufacturing resource planning MRP(II) 

evolved from the material requirements planning (MRP) system. Manufacturing 

resource planning concentrated on a method for the effective planning of all the 

resources of a manufacturing company (Li, 2008:10). Following the MRP era, the 

existing software was developed into management information systems (MIS) such 

as the enterprise resource planning (ERP) system. These systems offer a partial or 

complete integration of several functions in the company, including accounting, 

purchasing, material management, transportation, human resources and 

manufacturing (Li, 2008:11). Following this evolution advanced planning and 

scheduling software was introduced to assist the supply chain planning process. In 

addition, several ERP vendors introduced additional modules such as business-to-

business (B2B), customer relationship and online customer and supplier linkages as 

well as electronic commerce ī “dot.coms” ī to augment the integration of supply 

chain members (Handfield & Nichols, 2002:85–86; Li, 2008:11). The following 

section takes a closer look at the current supply chain software. 

   

2.3.3.3 Current supply chain software 

 

Internal integration and business information systems represent a critical step in 

SCM. Unless an organisation is able to communicate information effectively 

between its internal business functions, then the information flows with external 

supply chain partners are unlikely to succeed (Handfield & Nichols, 2002:85–86). 

It is essential that the huge amount of data emanating from the supply chain be 

filtered, analysed and converted into usable information to enable effective 

decision making. This is realised by information systems known as data 

warehouses, data mining and decision support systems (Stadler & Kilger, 

2008:316–317; Handfield & Nichols, 2002:89–90). Knolmeyer,Mertens and 

Zeier(2002:4–6) assign different levels to the systems that support SCM. At the 
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lowest level they list functions which they consider to be part of the intra company 

supply chain. In order to carry out these tasks at the lowest level operative or 

execution systems are commonly used. At the middle level we find advanced 

planning and optimising systems which, typically, support CPFR, demand 

planning, production planning and scheduling as well as the available-to-promise 

(ATP) function. The top level features systems that support both supply chain 

network design and the strategic planning of partnerships in the supply chain. 

These systems may all be found in a single ERP software suite or as an 

accumulation of standalone systems integrated to achieve a near real-time 

transparency of the supply chain.  

 

Taylor (2004:114–116) and Stadler andKilger (2008:500) maintain that the 

advanced planning and scheduling (APS) system constitutes the most important 

application which is aimed directly at managing the supply chain with APS 

specifically supporting the top to middle levels, whereas ERP supports the middle 

to lower level functions of the enterprise. Despite the fact that APS systems offer a 

wealth of scheduling and planning possibilities, they normally do not provide the 

necessary modules with which to put these plans into action and integration into 

the existing ERP system is necessary. However, the importance of the relatively 

new APS applications may be appreciated when considering the definition of an 

APS system as supplied by Van Eck (2003:11): “An APS system is a system that 

sits like an umbrella over the entire chain, thus enabling it to extract real-time 

information from the chain, with which to calculate feasible schedules, resulting in 

fast, reliable response to the customer.”  

 

However, as Taylor (2004:117–120) points out, ERP and APS systems are not the 

only systems that support supply chain management. There are several other 

applications that serve the needs of a supply chain, including warehouse and 

transportation management systems which focus entirely on operational needs, 

inventory flow and storage of inventory as well as transportation network design, 

shipment tracking and route scheduling. He also indicates that the newest software 

also includes applications that handle customer relationship management (CRM) 

and which are aimed at integrating all customer contact activities, as well as 

supplier relationship management (SRM) ī even newer than CRM.  
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Supply chain visibility is yet another development (Taylor, 2004:119–120). These 

applications track the movement of inventory as it flows through the chain, 

providing a graphical display showing actual and expected levels at certain 

locations. The supply chain event management software, in particular, allows for 

the definition of business process eventsthat trigger when the specified event 

occurs. This supply chain event management software also allows supply chain 

managers to act on exceptions rather than having to follow each movement and 

compare it to plan. 

 

The above section is intended to provide an overview of the development of the 

information systems in supply chain management. Specific systems will be 

discussed in more detail in chapter 4. 

 

2.3.3.4 Conclusion 

 

According to Stadler andKilger (2008:313), the ubiquity of new 

telecommunications and the Internet has made real-time, online communications 

throughout the supply chain a reality. These systems have improved the accuracy, 

frequency and speed of communication between suppliers and customers, as well 

as internal customers. As a result of these improvements, information may be 

transmitted more rapidly through the supply chain, thus causing material to 

bepulled through the supply chain faster and this, in turn, results in improved 

deliveries, less waste, improved cost and increased customer value. 

 

2.4 SUPPLY CHAIN PERFORMANCE MEASUREMENTS 

 

2.4.1 Introduction 

 

 The measurement of supply chain performance, especially in relation to 

information flow efficiency,forms the basis of this research. In particular, this 

research study attempts to provide indicators and metrics of information flow 

efficiency from a supply chain performance point of view. As has been emphasised 

in figure 2.3 above, information is one of the critical drivers of supply chain 

activity and it remains the basis for decisions taken in the other four supply chain 
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drivers, namely, production, inventory, location and transportation. In order to 

provide a further foundation for this study, this sectionwill, firstly, provide 

anoverview of general business performance measurement models involving 

general business performance metrics and the flow of information or 

communication and, secondly, current supply chain performance measurement 

practices and the manner in which information flow is being addressed. 

 

2.4.2 General business performance measurement models 

 

2.4.2.1 The Balanced Scorecard (BSC) 

 

The balanced scorecard (BSC) is an integrative approach for developing strategic, 

organisational-level metrics (Swink et al., 2011:41). Robert Kaplan and David 

Norton of the Harvard Business School first introduced the BSC in the 1990s 

(Kaplan & Norton, 1992). 

 

The BSC may be understood as a means of providing management with richer and 

more relevant information about the performance of certain key performance areas 

of their businesses (Stadler & Kilger, 2008:50–51). According to Hendricks,Menor 

and Wiedman(2004:1), the BSC requires that senior management translate the 

organisation’s vision and strategy into the following four performance 

perspectives, namely, (1) financial, (2) customer, (3) internal business and (4) 

learning and growth ī see figure 2.10. As the figure shows, objectives are devised 

for each perspective, measurements and targets are developed for each objective 

and the necessary initiatives put into place for the purpose of achieving the set 

objectives. The BSC aims to determine the cause and effect relationships between 

the objectives in the four perspectives as well as combining traditional financial 

measurements with non-financial measurements in a single report. 
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Figure 2.10: The balanced scorecard 

Source: Swink et al. (2011:41) 

  

2.4.2.2 The communication scorecard (CSC) 

 

Pfannenberg andZerfass (2004:5) emphasise that the communication function in a 

business, together with other functions such as human resources, business 

development, marketing, finance, etc., create the necessary basis for the earning of 

returns through the delivery of an organisation’s products and services and the 

marketing of these products and services. However, communication alone does not 

generate income, although it must be considered as an important driver for business 

success.  

 

Zerfass (2004:4) elaborates further on this topic, and argues that the already 

existing models, which used the BSC to optimise the communication processes 

within the public relation function, are not sufficient in their application. In fact, he 

argues that their actual contribution to the realisation of the company strategy, 

originating from public relations exercises, such as market and employee 



110 
 

campaigns, may be questionable. The communications efforts must be clearly 

linked to both business strategy and tactical communication tools and it is through 

the operationalisation of this concept that strategic communication goals and 

quantifiable measure may be identified and, in turn, linked to economic goals. 

Zerfass (2004: 4) also points out that, in addition to the above concept, a link 

between the communication programs identified and the actual actions within the 

available media mix is still required. Zerfass’s work led to the development of the 

communication scorecard (CSC) ī see figure 2.11. This figure depicts a BSC, but 

expandedto include the “socio-political perspective”. 

 

 

 
  

Figure 2.11: The communication scorecard 
Source: Zerfass (2004:5) 

 

Zerfass (2004:6) expands on his proposed CSC by introducing detailed socio-

political goals. These goals may be deduced from the expectations of the 

stakeholders. He also introduces associated measurements to these goals, as 

required by a balanced scorecard approach. 
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However, the important point as regards this scorecard is the recognition of 

communication, which is only possible with the transfer of information, as a value 

driver for business success.  

 

2.4.2.3 The Skandia Navigator 

 

In order to evaluate the market value of an organisation, Skandia proposed to split 

the market value into financial capital and intellectual capital. Intellectual capital 

may be compared to an organisation’s intangible assets (Marr,Schiuma& Neely, 

2003:555). The Skandia Navigator divides intellectual capital into three basic 

concepts, namely, human capital, structural capital and customer capital. 

According to Malhotra (2003:7), the human capital includes the collective 

competence, capabilities, skills and experiences of employees and managers as 

well as their creativity and innovativeness. Structural capital, on the other 

hand,refersto the supporting infrastructure for human capital and comprises 

organisational processes, procedures, technologies, information sources and 

intellectual property rights. Customer capital consists of the value embedded in an 

organisation’s relationship with its customers, suppliers, industry associations and 

market channels. 

 

The implementation of this model concentrates on five areas of improvement ī 

financial, customer, process, renewal and development and human capital with 

human capital including both human and structural capital. In its application, the 

Skandia Navigator imitates the balanced scorecard as depicted in figure 2.11 

 

2.4.2.4 The intangible assets monitor 

 

The intangible assets monitor was developed by Sveiby (1997) and defines three 

types of intangible assets that account for the book value ī to market value 

discrepancy in the valuation of an organisation. The ‘residual’ that is not accounted 

for by the book value may be attributed to the individual competence of the 

employees, and to both the internal structure and the external structure (Malhotra, 

2003:7). According to Marr et al. (2004:560–561), the measurements of these three 
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intangibles may be divided into three measurement groups, which indicate the 

following: 

 

- Growth and renewal 

- Efficiency 

- Stability 

 

Marr et al. (2003:561) maintain that organisations are advised to develop one or 

two indicators for each intangible under each of the measurement groups. Table 

2.2presents an example of an intangible asset monitor. The intangible assets 

monitor emphasises the internal perspective and is meant to act as a management 

and communication tool although not primarily as a valuation tool, although it is 

used as such. The monitor provides management with valuable information about 

intellectual property. However,on the downside, the monitor lacks the ability to be 

integrated easily into any broader performance measurement systems, which may 

be designed to establish a link between intangible performance drivers and 

performance outcomes. 
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Table 2.2: Matrix of intellectual capital measures for intangible asset monitor 
 

 Human 

competence 

Internal structure External 

structure 

Indicators of 

growth/renewal 

Years in 

profession; 

Education level; 

Training cost; 

Turnover 

Investments in 

internal structure; 

Customers 

contributing to 

systems/process 

building 

Profitability per 

customer; 

Organic growth 

Indicators of 

efficiency 

Proportion of 

professionals in 

company; 

Leverage effect; 

Value added per 

professional 

Proportion of 

support staff; 

Sales per support 

person; Corporate 

culture poll 

Satisfied 

customer index; 

Win/loss index; 

Sales per 

customer 

Indicators of 

stability 

Average age of 

staff; Seniority; 

Relative pay 

Position; 

Professional 

turnover rate 

Age of 

organisation; 

Support staff 

Turnover rate; 

Rookie ratio 

Proportion of 

big customers; 

Age structure of 

markets; 

Devoted 

customer ratio; 

Frequency of 

repeat orders 

 

Source: Marr et al. (2003:561) 

 

2.4.2.5 The value chain scorecard 

 

The BSC was introduced above as a measurement instrument to provide a measure 

for business performance in four perspectives, namely, the financial, the internal, 

the customer, and the learning and growth perspectives. As such, the BSC 
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translates vision into objectives and associated metrics for facilitating performance 

measurement and strategic management. However, Bauknecht,Pröll and Werthner 

(2005:161–165) argue that a business model should be considered as the 

foundation for value creation, which is lacking in the BSC approach. They further 

contend that the BSC should be enhanced and adapted to incorporate a business 

model approach which includes distinct value dimensions as illustrated in figure 

2.12. Bauknecht et al. (2005:161–165) emphasise the following five value 

dimensions, namely, market, supply chain, enterprise, product and service, and 

customer. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.12: Business model with value dimension 
Source: Bauknecht et al. (2005:162) 

 

Based on this business model, a value related BSC with the same dimensions, as 

depicted in figure 2.13, is proposed. Notably, the enterprise and product and 

service dimension have been combined into a single enterprise-centric structure 

and process dimension. 
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Figure 2.13:A value-based BSC 
Source: Bauknecht et al. (2005:165) 

 

The BSC illustrated above provides some examples of mission, objectives and 

performance indicators. Accordingly, Bauknecht et al. (2005:166) contend that 

value-based strategies and suitable performance indicators are brought together in 
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an adapted BSC which includes four value-based perspectives, namely, market, 

supply chain, customer, and business structure and process, thus bridging the 

existing gap between business models and the BSC. 

 

2.4.2.6 The strategic value maps 

 

Value mapping is a second-generation performance measurement and performance 

management approach that avoids many of the weaknesses of the existing 

frameworks (Jack, 2001:5) with first-generation performance measurement 

frameworks failing to capture all of the measurement needs in one approach.  

 

If organisational performance measurement and performance management are to 

be effective it is essential that they both drive value creation in order to meet the 

needs of the stakeholders. If they are not adding value, then they are misdirected 

and energy and effort are being wasted. However, before an organisation is able to 

review and develop its performance measures the organisation needs to understand 

the value outcomes that it is trying to create and that these value outcomes are 

influenced by the needs of its stakeholders. According to Jack (2001:6), it is a 

fallacy that performance measures should be derived directly from strategy. 

Instead, the desired value outcomes and the measures of these desired value 

outcomes are derived from stakeholder and organisational needs  

 

Value mapping is a tool with which to sort through the myriad of improvement 

programs that organisations undertake in an effort to distinguish those programs 

that will have the largest impact on stakeholder requirements. In addition, value 

mapping also supports performance measurement by requiring an assessment of 

the impact activities and initiatives in terms of value-based outcome (Jack, 2001:7–

9).  

 

Figure 2.14 depicts the strategic value-mapping model and elaborates on the 

relationship between stakeholder needs, value drivers, measurements and desired 

outcomes. 
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Figure 2.14:Strategic value mapping model 
Source: Jack (2001: 8)  

 

In addition to Jack’s interpretation of the strategic mapping process, Harmon 

(2004:1) outlines the generic strategy map as designed by Kaplan and Norton. 

Harmon (2004:1) contends that the generic strategy map represents a refined 

methodology that seeks to align the balanced scorecard with the strategy of an 

organisation. In this map, as shown in figure 2.15, the four sets of BSC objectives 

are arranged in a hierarchical fashion, with financial objectives at the top. These 

financial objectives are affected by changes in customer objectives which, in turn, 

are affected by internal (process) objectives and changes in these internal 

objectives. The learning and growth objectives support and affect the internal 

business process objectives. 
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 Figure 2.15: A generic strategy map 

Source: Harmon (2004:2) 

 

2.4.2.7 The tableau de bord 

 

The BSC has widely been used as a strategic management tool for performance 

measurement and includes non-financial measures together with the traditional 

financial measures. However, although, the BSC has aroused a great deal of 

attention in the United States and in other countries, Bourguignon,Malleret and 

Nørreklit (2001:2) assert that the French-speaking community, in particular, in 

France, have not readily accepted the BSC. It would appear that these reservations 
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on the part of the Frenchstem from the fact that French organisations have used the 

tableau de bord for the past fifty years. According to Bourguignon et al. (2001:2), 

arguments range from the BSC being merely another version of the tableau de bord 

to French resistance to American products.  

 

Although these arguments may contain some truth, thus underpinning the cultural 

and socioeconomic differences between the originating countries, Bourguignon et 

al. (2001:10–12) point out that there are both similarities and differences between 

the two performance measurement approaches. The similarities refer to the fact 

that both these approaches aim at avoiding the monopoly of financial measures, 

thus assuming that anticipation is more important than reaction and recommending 

the selectivity of measures. The main differences may be found in the fact that the 

tableau de bord is not based on any specific model, unlike the BSC which is based 

on Michael Porter’s competition model, and, instead, relies on the manager’s own 

strategic representation (Bourguignon et al., 2001:10–11).In other words, in terms 

of the tableau de bord, the manager builds the whole model, from objectives to 

measures, based on his/her subjectivity. Another important difference may be 

found in the unequal emphasis placed on reward. Whereas the BSC links reward to 

performance measurement, the French tableau de bord places the emphasis on 

learning. 

 

However, Bourguignon et al. (2001:10–7) do emphasise that the tableau de bord 

has undergone many changes and that today’s tableaux differ considerably from 

the old ones. In fact, a new tableau de bord, developed by Daum (2002:8),is 

testimony of this progress. Daum’s tableau incorporates all of the four elements of 

the BSC, namely, financial results, market/consumer measures, product 

development measures and process/resource measures.  

 

In conclusion, it may be said that, although there may be differences in the way in 

which objectives and measures are derived, both management tools, the BSC and 

the tableau de bord, may be considered similar as regards their attempts to measure 

performance. 
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2.4.3 Performance measurement possibilities in the supply chain context 

  

 A supply chain does not remain constant and it must continually adjust to new 

circumstances. However, in order to derive the required performance from a supply 

chain, it is necessary that a company monitor and control its actions on a daily 

basis (Hugos, 2006:133). However, performance measurement is more complex 

than it may appear initially and measurements, that appear sound, may lead to 

inappropriate outcomes. For example, a company’s measurement may be order fill 

rate. In order to achieve a good score, the company may find that orders are kept 

back until all units are available for shipment. Therefore, although order fill rates 

of almost 100% may have been achieved, the customer will still be unhappy as 

he/shewill have received the goods far later than anticipated (Coyle et al., 

2003:482). The correct choice of measurements is, thus, of the utmost importance.  

 

 Stadtler andKilger (2008:49) emphasise that indicators have three functions, 

namely, informing īwith the main purpose being to inform management and, 

thus,to support decision–making, steering, in terms of which indicators form the 

basis for target setting; and controlling which uses indicators for the supervision of 

operations and processes. Performance measurements are used in a wide range of 

operations and it is difficult to imagine trying to control an operation without the 

frequent use of measurements. According to Stadtler and Kilger, performance 

measurement frameworks require some sort of metrics or system of metrics, which 

are able to describe facts in a quantitative way 

 

 By their very nature supply chain performance measurements differ from the 

traditional business and logistics measurements as supply chain performance 

measurements span functions within both a single company as well as in 

organisations in terms of their combined performance (Coyle et al., 2003:495). 

According to Murphy (2004:2),organisations must implement measurements that 

are meaningful and which drive results, especially in key performances areas 

(KPAs). Performances indicators relevant to KPAs are also known as key 

performance indicators (KPIs). These KPIs should be aggressive, but attainable, as 

it is essential that the indicators selected are backed up with plans and initiatives 

that may lead to the realisation of the goals identified. 
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 The supply chain drivers are depicted in figure 2.3. If a supply chain is to be 

successful, it needs to succeed in the specific areas of production, location, 

transportation and inventory. Specifically, supply chain performance and 

information flow in terms of efficiency and responsiveness was emphasised in 

paragraph 2.2.2. If the supply chain drivers are combined with the supply chain 

performance areas, it is possible to identify four categories of 

measurements(Hugos, 2006:137) 

 

- Customer service 

- Internal efficiency 

- Demand flexibility  

- Product development  

 

Hugos (2006:137) contends that customer service refers to the ability of the supply 

chain to meet the expectations of its customers while internal efficiency measures 

the ability of the supply chain to generate an appropriate level of profit, whilst 

operating at a low level of cost. Demand flexibility assesses the ability of the 

supply chain to adjust to uncertainty in the levels of product demand. The last 

category, product development, encompasses the measurement of the timeous 

design and delivery of new products to the supply chain’s markets.  

 

Within the supply chain context, Hugos (2006:140–146) breaks these categories 

down into the following individual measurements: 

 

- Customer service 

i. Complete order fill rate and order line item fill rate 

ii. On-time delivery rate 

iii. Value and number of back orders 

iv. Frequency and duration of backorders 

v. Line item return rate 

 

- Internal efficiency 

i. Inventory value 

ii. Inventory turns 



122 
 

iii. Return on sales 

iv. Cash-to-cash cycle time 

 

- Demand flexibility 

i. Activity cycle time 

ii. Upside flexibility 

iii. Outside flexibility 

 

- Product development 

i. Percentage of total products sold that were introduced in the 

previous year 

ii. Percentage of total sales from products introduced the 

previous year 

iii. Cycle time needed to develop and deliver a new product 

 

 Coyle et al. (2003: 490–492) arrived at the same detailed measurements and others, 

although they identify the performance categories as cost, time, quality and 

other/supporting. In a more detailed explanation of the categories they associate 

time with the customer dimension and cost with efficiency. Quality may be 

associated with customer service and efficiency, whilst the other/supporting 

category may deal with measurements of, for example, information.  

 

Simchi-Leviet al. (2009:368–381) propose to measure the perceived value to the 

customer of the customer’s entire relationship with a company. They argue that 

customer value is based on customer perceptions and this requires that metrics start 

with the customer. Typical metrics include service level and customer satisfaction, 

as well as supply chain performance ī an important contributor to customer value. 

Service level metrics include the ability to meet the required delivery dates of 

customers, while customer satisfaction metrics measure the performance of the 

sales department and personnel. Simchi-Leviet al. (2009:381–382) and Swink et al. 

(2011:42) refer to the SCOR model for the measurement of the supply chain 

performance. The performance perspectives referred to in this model include: 

 

- Supply chain reliability 
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- Flexibility and responsiveness 

- Expenses and 

- Assets/utilisation 

 

Specific metrics in these categories comprise: 

 

- Supply chain reliability 

i. On-time delivery 

ii. Order fulfilment lead times 

iii. Fill rate 

iv. Perfect order fulfilment 

 

- Flexibility and responsiveness 

i. Supply chain response time 

ii. Upside production flexibility 

 

- Expenses 

i. Supply chain management cost 

ii. Warranty cost as percentage of revenue 

iii. Value added per employee 

 

- Assets/Utilisation 

i. Total inventory days of supply 

ii. Cash-to-cash cycle time 

iii. Net asset turns 

 

However, although performance measurement is not a new concept and dates back 

to the 1950s when it was introduced in a formalised manner, the supply chain 

specific performance measures have evolved over time (Coyle et al., 2003:484). 

Traditionally, organisational performance measurements were mainly financially 

oriented with little contribution from other business functions or processes. The 

collision of the historical cost accounting centred standards and the requirement to 

build competitive organisations based on the performance as regards core 
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capabilities has led to the development of the balanced scorecard (Kaplan & 

Norton, 1996:7) ī seesection 2.4.2.1. 

 

2.4.4 Specific scorecards and alternative measures 

 

Following the review of performance measurement possibilities in the supply chain 

context, specific performance measurement frameworks pertaining to the 

measurement of supply chain performance and information flow performance are 

explored in the following section.  

 

Olugu andWong (2009:204–205) refer to traditional approaches to supply chain 

performance measurement (SCPM) such as Data Envelopment Analysis (DEA) 

and balanced scorecard models. However, DEA is not commonly used in supply 

chain performance measurement (SCPM) and requires advanced computational 

techniques such as linear programming (Mishra & Patel, 2010:104–105). In 

addition, DEA does not constitute a model of SCPM, but rather a computational 

method of analysis of arriving at metric values with which to measure 

performance. Accordingly, DEA will not be discussed in this study. 

 

The measurement frameworks discussed include the more commonly referenced 

models such as the BSC models (Von Haaren &Malyshko, 2007:11; Santos et al., 

2006:2–4; Swink et al., 2011:41; Hugo et al., 2004:106–107) and the SCOR model 

(Swink et al.,2011:42; Simchi-Levi et al., 2009:381–383; Webster, 2008:353–356). 

 

2.4.4.1  Supply chain scorecard models 

 

The balanced scorecard approach has been utilised in several areas of application, 

including supply chain management. Supply chain scorecards were developed as 

an adaptation of the BSC model to fit either an individual organisation or the entire 

supply chain (Hugo et al., 2004:102). Based on the BSC (see figure 2.10), four 

perspectives may be identified, namely (Santos et al., 2006:2–4): 

 

- Financial 

- Customer 
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- Internal processes and 

- Learning and growth 

 

There are variations on these four perspectives. Von Haaren and Malyshko 

(2007:11) prefer the following performance measurement perspectives: 

 

- Financial 

- Customers 

- Internal processes 

- Resources and 

- Cooperation 

 

The supply chain scorecards show the individual metrics associated with each 

perspective. Nevertheless, a closer inspection of the supply chain scorecards 

metrics proposed by the writers mentioned above reveals that the metrics are 

generally very similar in terms of each of the measured activities. However, 

depending on the focus of the business activities, additional metrics have been 

introduced in order to emphasise the individual business focus. 

 

Von Haaren andMalyshko (2007:11) introduced metrics which are focused on the 

utilisation of warehouses and equipment as well as the efficiency of transportation, 

whilst Santos et al. (2006:2–4) include metrics from all the supply chain business 

processes. The table below presents the primary and support business activities, 

and the metrics selected for each business activity, as identified by Santos et al. 

(2006:2–4). 
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Table 2.3: The supply chain balanced scorecard according to Santos, et al. 
 

Perspective Primary and support 

activities/proposed 

KPIs 

Metrics 

Customer perspective Sales/customer support Quality ī % non-conformity 

Forecast accuracy 

Market share 

Logistics On time delivery 

Number of products/ 

distribution channel 

Damaged shipments 

Financial perspective Sourcing Material acquisition cost 

Manufacturing Non-quality cost 

Warehousing cost 

Manufacturing unit cost 

Warehousing Cost of carrying inventory 

Logistics Logistics cost 

Transportation cost 

Accounting processes Cash flow 

EBDITA (earnings before 

depreciation, interest and tax) 

Income 

EVA (Economic added 

value) 

Operating ratio 

ROI (return on investment) 

Revenue per employee 

Return on asset 

Internal business 

process perspective 

Sourcing Supplier on-time delivery 

Material inventories 

Material quality 

Supplier cycle time 
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Planning % of orders delivered 

according to plan 

Schedule changes 

BOM (bill of material) 

accuracy 

Manufacturing Adherence to schedule 

% defective products 

Number of finished products 

/SKUs (stock keeping units) 

Manufacturing cycle time 

Setups/Changeovers 

Plant utilisation 

Delivery/storing Finished goods inventory turn 

Stock keeping units 

Innovation and 

learning perspective 

Innovation % new product development 

Social responsibility Social programs invested 

HR Absenteeism 

% employee training 

Employee productivity 

Motivation 

Employee turnover 

 

Source: Santos et al. (2006:2–4) 

 

As shown below Hugo et al. (2004:106–107) devised a supply chain scorecard 

based on the four perspectives of the BSC. 
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Table 2.4:The supply chain scorecard according to Hugo et al. 

 

Customer Dimension 
Measure Input Data Frequency of 

measurement 

Responsibility Goal Current 

performance 

Resource 

allocation 

Perfect order fulfilment       

Processing accuracy       

Forecasting accuracy       

Budget accuracy       

Delivery performance       

Customer satisfaction       

Product quality       

Business process dimension (incorporating time and asset utilisation) 
Measure Input Data Frequency of 

measurement 

Responsibility Goal Current 

performance 

Resource 

allocation 

Supply chain response 

time 

      

End-to-end pipeline time       

Order cycle time       

Production flexibility       

Material labour capacity       

Inventory days       

Net asset turns       

Cash-to-cash cycle time       

Capacity utilisation       

Financial dimension 
Measure Input Data Frequency of 

measurement 

Responsibility Goal Currentperform

ance 

Resource 

allocation 

Total supply chain cost       

Finished goods inventory 

turns 

      

Total delivered cost       

Cost of excess capacity       

Cost of capacity shortages       

Innovation 
Measure Input Data Frequency of 

measurement 

Responsibility Goal Current 

performance 

Resource 

allocation 

New product 

introductions 

      

New process technology 

development 

      

Partnerships       

 

Source: Hugo et al. (2004:106–107) 
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2.4.4.2  The supply chain operations reference (SCOR) model 

 

 The SCOR model was developed and is maintained by the SupplyChain Council 

(SCC), a non-profit organisation formed in 1996 by AMR Research and numerous 

member organisations (Webster, 2008:352). SCOR was introduced to provide a 

standard framework for describing supply chain processes, and included associated 

terminology, metrics and best practices (Webster, 2008:352). Simchi-Leviet al. 

(2009:381) and Swinket al. (2011:42) describe SCOR as a process reference model 

that includes analysing the current state of a company’s processes and its goals, 

quantifying operational performance, and comparing it to benchmark data. 

According to these writers, SCOR has developed perspectives and associated 

metrics for the measurement of supply chain performance. However, Swink et al. 

(2011:42) add that the SCOR model provide more than merely metrics as it also 

provides tools for charting and describing supply chain processes and identifies 

basic management practices at different levels of operation. 

 

According to the Supply Chain Council (http://supply-chain.org), the SCOR model 

provides a unique framework that links performance metrics, processes, best 

practices, and people in a unified structure. In addition, the framework supports 

communication between supply chain partners and enhances the effectiveness of 

supply chain management, technology, and related supply chain improvement 

activities. Figure 2.16 depicts the SCOR model 

 
 Figure 2.16: The SCOR model 

 Source: http://supply-chain.org 
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As emphasised by the Supply Chain Council (http://supply-chain.org) SCOR 

metrics are diagnostic metrics. SCOR recognises three levels of predefined metrics: 

 

-  Level 1 metrics are diagnostics for the overall health of the supply 

chain. These metrics are also known as strategic metrics and key 

performance indicators (KPIs). Benchmarking level 1 metrics helps 

establish realistic targets that support strategic objectives.  

- Level 2 metrics serve as diagnostics for the level 1 metrics. The 

diagnostic relationship helps to identify the root cause or causes of a 

performance gap for a level 1 metric.  

-  Level 3 metrics serve as diagnostics for level 2 metrics.  

 

The analysis of performance of metrics from level 1 through 3 is referred to as 

decomposition. Decomposition helps identify the processes that merit further 

investigation. (Processes are linked to level 1 and level 2 metrics.)  

 

Several of the metrics in the SCOR model are hierarchical, just as the process 

elements are hierarchical. Level 1 metrics are created from lower level calculations 

while level 2 metrics are generally associated with a narrower subset of processes. 

For example, delivery performance is calculated as the total number of products 

delivered on time and in full, based on a commit date. In addition, metrics 

(diagnostics) are used to diagnose variations in performance against plan. For 

example, an organisation may wish to examine the correlation between the request 

dates and commit dates.  

 

2.4.5 Conclusion 

 

 The many different business performance matrices and scorecards detailed in 

sections2.4.2 to 2.4.4 provide a glimpse only of the multitude of performance 

measurement tools currently in use, although those mentioned do represent the 

tools that are used the most frequently. The manifold adaptations of the balanced 

scorecard point to the fact that performance measurement is not only being applied 

to certain business processes, but that decision makers are also seeking to measure 

the progress of strategy implementation as well as that of non-strictly business 
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processes. However, in view of the fact that it appears that no one tool exists which 

suits all types of enterprises, new performance measurement tools are constantly 

being developed.   

 

 Nevertheless, both information flow and information itself have been accepted as 

two of the most important drivers of supply chain performance. Despite the fact 

that some writers have, to a certain extent, dealt with communication or 

information, communication refers mainlyto public relations activities and their 

effect on the profit position and social acceptance of an enterprise. The efficiency 

with which information is transferred throughout the supply chain, for example, 

intra-organisation and inter-organisation information flows, which are critical to 

the success of supply chain management, have not been incorporated into any 

measures or any scorecard.   

 

2.5  CONCLUSION 

 

 The supply chain has been depicted as a complex network of businesseswhich are 

forced, continuously,to undergo changes and adapt to new business conditions. In 

addition, writers have recognised that supply chains benefit from focusing on the 

entire supply chain rather than only on single enterprises within the supply chain. 

These benefits stem particularly from the optimisation of processes beyond the 

individual enterprise. However, such optimisation decisions may be taken 

effectively only if relevant information is allowed to flow freely and in real time 

between the function of an enterprise and between the member enterprises of a 

supply chain. The ability to process increasingly complex data structures, and to 

extract meaningful information from such data, has become one of the strategic 

advantages that enterprises seek to harness. In reality, enterprise resources are 

limited with these limits extending to which degree enterprises are able take 

advantage of favourable strategic choices.  

 

Clearly, if it is not possible to transfer important information within acceptable 

time frames, then decisions regarding the main driver of supply chain activities, 

production, location, inventory and transportation will neither effective nor 

efficient in nature. Such decisions are the domain of supply chain management, 
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which aims to align the supply chain strategy of an organisation with the overall 

business strategy of the organisation. Once a strategy has been formulated, it is 

essential that the appropriateness of the existing supply chain design be reviewed 

and, possibly, adjusted with the final supply chain design being executed in order 

to realise the desired goals. In order to assist the attainment of the supply chain 

management goals, supply chain performance must be measured and compared to 

requirements.  

 

Organisational performance measurement has developed over a period of several 

years, from mainly financially oriented measurements to a balanced approach 

which combines traditional financial measurements with non-financial 

measurements from the internal process, the customer and the innovation and 

growth perspectives. 

 

However, in all current performance measures, information flow, which almost all 

writers agree is essential to supply chain success, does not feature, with the 

exception of cases where information is exchanged with stakeholders in public 

relation scenarios. 

 

It is, therefore, the intention of this research to contribute to the existing body of 

knowledge on supply chain performance measurement. This research study will 

concentrate specifically on the measurement of information flow efficiency in 

intra- and inter-organisation scenarios, with information flow efficiency as one 

possible measurement, amongst other possible measurements,which relates to the 

different objectives of the balanced scorecard as regards either the success or 

failure of supply chain management implementation. Once incorporated into a 

balanced scorecard, these information flow efficiency indicators and associated 

metrics will provide additional reasons for the deficiencies or success of other 

perspectives, including finance or the customer perspective, and should be 

considered as complementary to the indicators and associated metrics contained in 

these perspectives. 
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CHAPTER 3 
INFORMATION, INFORMATION FLOW AND RELATED CONCEPTS 
 
 
 
3.1 INTRODUCTION 
 

Information and the flow of information always have played an important role in 

supply chain management (Reeker & Jones, 2002:1) with the bullwhip effect as the 

classic example underpinning this statement. The bullwhip effect is represented by 

the propagation and enlargement of small fluctuations of demand or inventory 

levels in either the final company or customer in a supply chain, extending back 

through the supply chain to the initial supplier. These fluctuations,as well 

asincreases in these small fluctuations in the beginning of the demand cycle,may be 

attributed to the fact that organisationsare in possession of incomplete information 

about the needs of the other supply chain members and, thus, respond to the 

imperfect demand projections with an disproportional increases in inventory 

which, in turn, creates an even larger requirement on the part of the company 

downstream (Trkmanet al., 2005:560). Trkmanet al. (2005:560)contend that if 

information is transmitted more rapidly between the organisations of the supply 

chain, i.e. directly from the customer to the manufacturer, then production peaks 

may be reduced by as much as 20%.  

 

According to Reeker andJones (2002:1), information will play an important role in 

the manufacturing systems and supply chains of the future. Jones, Reeker 

andDeshmukh (2002:1) assert that the manufacturing aspect of the supply chain, in 

particular, has changed in two important ways. Firstly, automated data collection 

systems on the shop floor support real-time scheduling decisions, and secondly the 

Internet supports the movement towards global supply chain management 

decisions on an organisation level. However, in both cases, the availability of 

information in real-time is crucial in terms of the success of any supply chain 

decisions that may be taken. According to Manjappa, Del Angel, Shan, Zhao 

Becerra andThomson (2008:10), information is the main asset that 

organisationspossesswhich enables these organisationsto provide the necessary linkages 

across supply chains for both clarity of purpose among the partners in the supply chain and 

timely service to customers 
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Jones et al. (2002:1) point out that, although current technology may provide 

information in real-time, it is not able to assure that the information provided will 

be accurate and meaningful and that it will be used correctly. The dichotomy of 

information, in terms of both its provision and characteristics, arises from the fact 

that information is often obtained through the use of the optimisation algorithms 

implemented in software. However, despite the fact that algorithms are designed to 

complete computations fast, the processing decisions for the data require a 

common understanding amongst the supply chain members if they are to be 

meaningful.  

 

Information, which is needed in order to arrive at meaningful decisions, has a 

direct impact on the performance of an enterprise (Jones et al., 2002:1; Madhani, 

2008:239; Trkman et al., 2005:561) with information being required in order to 

make the correct decisions about the future state of the supply chain. Accordingly, 

information is required at different places in the supply chain simultaneously. 

However, as detailed in section 2.2.4, chapter 2, it is not possible to assume that 

either the information transfer between the supply chain members or information 

sharing will happen with ease and barriers to information sharing are a reality 

(Katunzi, 2011:107–109).  

 

It is as a result of these barriers that the totality of information needed to describe a 

specific scenario may not be available and it is, therefore, understandable that 

organisations and supply chains may miss out on better decisions and improved 

performance as in the case of real time information sharing. It is for this reason that 

this research study aims to contribute to the existing body of knowledge on the role 

and importance of an efficient information flow both in supply chains as well as 

within and between member organisations, by measuring the efficiency with which 

information flows between supply chain members and then correlating these 

measurements with supply chain performance.  

 

Apart from the human and systems difficulties involved in transferring 

information, information itself is not a straightforward concept. In fact, as shown in 

chapter 1, an all-encompassing definition of information is still lacking. A useful 
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definition was found in terms of the origin and value of information but this 

definition does not incorporate either the technical or the etymological nature of 

information, or any of the pragmatic, epistemic, doxastic or modal properties of 

information.  

 

If supply chain members are to be able to access information, then the information 

must be transferred from its point of inception to the next point(s) of use. 

Information is typically conveyed in physical symbols such as marks on paper, 

sounds, electrical pulses, light waves and others (Jones et al., 2002:1).  

 

Based on the characteristics of information itself, as well as the various and 

complex methods of transferring information, it is clear that a detailed 

understanding of information, information flow and related concepts is required in 

order to attain the insights necessary to define the characteristics of the quantities 

of information flow that must be measured, as well as to define suitable measures 

for information flow efficiency. 

 

3.2 BASIC CONCEPTS 

 

3.2.1 Information as a concept 

 

 Chapter 1 provided a definition of information using a multitude of other 

definitions and concepts. The description of information arrived at then led to a 

categorisation of information based on both the types of information (see table 1.1) 

as well as the properties of information. In order to gain a better understanding of 

the way in which these different concepts fit into the overall concept of 

information, it may be useful to construct a concept map for information. 

 

Concept maps are diagrams showing the relationships between concepts 

(encyclopaedia at http:/www.answers.com/topic/concept-map). The concepts are 

connected with labelled arrows, in a downward branching hierarchical structure. 

The relationship between concepts is articulated in linking phrases, for example, 

“gives rise to”, “results in” or “contributes to”. Based on the concepts linked to 

information it was possible to construct a concept map ī see figure 3.1. 



136 
 

 
 

 Figure 3.1: Information concept map 

 Source: Developed from example concept map at 

http:/www.answers.com/topic/concept-map (accessed 05.01.2011) 

 

 The concept map indicates that the main concepts linked to information are data, 

communication, knowledge, information systems and people. It also reveals that 

information is gained from the processing of data and that information may be 

transmitted via communication to other entities. Such communication may be 

conducted between two or more persons, between a person and an information 

system (e.g. computer), between an information system and persons or between 

two or more information systems.  
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Communication itself requires an information source, a transmitter, a receiver, a 

destination and a medium or channel through which to transmit information. This 

principle was established as early as 1948 by CE Shannon (Shannon, 1948:2–3). 

  

Information may be integrated into a body of knowledge to create new knowledge. 

However, this integration process requires prior knowledge in order to be able to 

recognise the information content and to process the new information (Boisot & 

Canals, 2004:1–5).  

 

 Boisot andCanals (2004:1–5) contend that data is something that may be made 

public, but that only those who hold a “key” (or prior knowledge) are able to 

extract information and, thus, further meaning from the bare data. They also 

maintain that information is not equal to knowledge. This fact may be proven 

through the use of encryption. Although encrypted information may appear normal 

and may be understood in the sense in which it appears, it is only the entity that 

possesses the key to the encryption algorithm that will be able to extract the actual 

information transmitted. In addition, this information will be understood only if 

prior knowledge exists which is able to contextualise the information extracted 

correctly. 

 

 Stenmark (2002:2) describes information in the following ways: 

 

- Facts organised to describe a situation or condition, 

- A flow of meaningful messages 

- Data with meaning 

- Data with relevance and purpose 

- A message meant to change the receiver’s perception 

- Text that answers the questions who, when ,what and where 

- Data vested with meaning 

 

These descriptions confirm that information is derived from the processing of data 

as well as from ascribing meaning to the information so derived. 
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 It may be concluded from the above descriptions of information that information is 

not merely a physical or a technical quantity which may be described in terms of 

mathematical theory, but that it also has semantic, semiotic, pragmatic and 

etymological dimensions. Accordingly, information spans a wide horizon of 

disciplines. These will be explored in the following sections after a standard 

definition for information has been provided.   

 

3.2.2 The standard definition of information (SDI) 

 

According to Floridi (2005:353; 2011:5) and Primiero (2008:115), most analyses 

of information have supported a definition to the effect that information is equal to 

data + meaning. However, through rigorous analysis, Floridi (2005:353; 2011:5) 

proposes that this definition is insufficient to be applied within an information 

theoretical epistemology. 

   

Primerio (2008:115–116), Floridi (2011:5–6)arrive at a more rigorous formulation 

that asserts that information may form part of the popular ‘DOS’ (declarative, 

objective and semantic) concept only, and if and only if a symbol ů satisfies the 

following four conditions (Primerio, 2008:115–116; Floridi, 2011:5–6): 

 

1. ů consists of n data (d), for n Ó 1 

2. The data are well-formed (wfd) 

3. The wfd are meaningful (mwfd = ŭ) 

4. The ŭ are truthful  

 

The first requirement indicates that it is not possible for information to be dataless, 

but it does not specify which types of ŭ constitute information. Floridi (2011:6) 

contends that there are four types of data, namely: 

 

(1) Primary data. These data constitute the basic data which may be found in 

databases and which consists of either simple arrays of data, or the contents of a 

book. They are the data an information management system is generally designed 

to convey to the user; 



139 
 

(2) Metadata. These are secondary indications about the nature of the primary 

data and include essential properties of the primary data, such as location, format, 

updating, availability, and copyright restriction etc; 

(3) Operational data. These are data unique to the usage of the primary data itself 

as well as the operation of the entire data system. 

(4) Derivative data. This refers tothe data that may be extracted from (1) – (3), 

whenever these data are used as sources, that is, in search of patterns. 

 

Floridi (2011:10) argues that it is not necessary for all data to be present 

simultaneously. In the special case in which there are no primary data available, 

this does not mean that, in fact, no primary data were embedded in the information. 

A negative answer, that is an empty search query, or silence as an answer, may still 

be interpreted as primary data which arebeing provided through explicit negative 

data.    

  

The second condition requires data to be well-formed representations of the 

information required in a specific format, thus tying a specific format to data in 

order to be able to interpret the data as information. 

 

The third condition requires data to be meaningful. Floridi (2011:6) emphasises 

that it is essential that data comply with the semantics of the chosen system, code 

or language in question. Semantic information, however, is not necessarily 

linguistic, but may also occur in terms of illustrations which are to be visually 

meaningful to the reader.  

 

According to Floridi (2005:355–365), well-formed and meaningful data may still 

be of poor quality and such data can be imprecise, incorrect or inaccurate. Such 

data, if not truthful, may constitute misinformation only. However, misinformation, 

according to Floridi (2005:367), does not constitute information in any way. He, 

thus, considers this condition as vitally important if data are to become 

information. This view is also supported by Sequoiah-Grayson (2007:331–344).  

 

However, as regards the information which is used in cognitive and computer 

science, Scarantino and Piccinini (2010:313) and also in a more general sense, Allo 
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(2007:331–344) considers false information to represent information. This, thus, 

implies that it is not necessary that the truth condition, as detailed above, be met. 

However, Allo (2007:331–344) adds that false information may never act as the 

stepping stone to the knowledge that epistemological theorising requires.  

 

3.3 INFORMATION AS AN INTERDISCIPLINARY CONCEPT 

 

3.3.1 Introduction 

 

 As shown in the previous section, information is not a straightforward concept, and 

no single definition exists that is able to describe the concept of information fully. 

Instead, the concept of information is always portrayed in terms of the particular 

field of study in which it is discussed (Floridi, 2003:1). For example, the natural 

sciences consider the physical component of information only, whichmay be used 

to describe the content of information as well as the information transfer rate 

mathematically. Nevertheless, despite the fact that such knowledge may be 

extremely useful in the telecommunications field, it says almost nothing about the 

semantics of information. It is also of particular significance fact that information 

has meaning and that this meaning must be absorbed, interpreted and transferred.  

 

In another sense, information may be studied as part of linguistics, especially 

semiotics, which deals with the study of signs and symbols within the context of 

culture and communication, cognition and ecological interaction. In order to 

provide a satisfactory representation of the concept of information, as well as a 

more complete approximation of the term information, an object of this study, the 

different theories and schools of thought as regards information will be briefly 

discussed in the following sections.    

  

3.3.2 Information within the natural sciences context 

 

As regards the natural sciences, the concept of information has been governed by 

CE Shannon’s definition of information and communication. CE Shannon 

published his paper “A mathematical theory of communication” in 1948 at the Bell 
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Labs. In this paper, he provides an exact mathematical definition of the concept of 

information (Adriaans, Van Benthem, Gabbay, Thagard, & Woods, 2008:171).  

 

Shannon’s theory is based on the fact that information, in the form of messages and 

chosen from a finite set of possible messages, may be transmitted from a sender to 

a receiver through a defined channel (see figure 3.2). Denoting the probability that 

a sign i from a finite alphabet is transmitted with the probability p(i), then the 

information content when receiving sign i is  

 

IC(i) = -ld(p(i)). 

 

The information contentIC(i) of a sign is reversely proportional to the logarithm of 

the probability of transmitting sign i. The quantity ld in the above equation denotes 

the logarithm to the base 2, which results in information being measured in bits 

(binary digits) (Reucher, 2006:5).  

 

However, the statistical choice of a specific symbol from a finite alphabet may also 

be described by the term uncertainty. This means that, while the receiver of a 

communication system ī as depicted in figure 3.2 ī is waiting to accept the next 

sign, the receiverwill be uncertain which sign the sender will actually produce 

(Schneider, 2005:2–3). However, once the symbol appears, it is known and the 

uncertainty decreases and, thus, information will have been received. Information 

may, therefore, be expressed as a decrease in uncertainty. Shannon’s theory takes 

into account the possible different probabilities with which the individual symbols 

of the finite alphabet appear in messages, thus resulting in different uncertainties as 

regards the symbols being sent. Shannon arrives at the following formula for 

uncertainty (Shannon, 1948:11, Adriaans et al., 2008:176): 

 

   )(log
1
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i
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=

=  

 

This formula makes it possible to measure the amount of information 

transferred,with this measurement being expressed in number of bits per symbol or 
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message. This number represents the decrease in uncertainty which results from the 

receipt of this symbol or message. 

 

Another important development in Shannon’s work concerns the transmission of 

information through a noisy channel with the noise in a channel further increasing 

the uncertainty with which a particular symbol is received. This uncertainty 

continues to exist after the symbol has been received. Denoting the uncertainty 

before the transmission with Hbefore and the uncertainty after the receipt of the 

symbol with Hafter, it follows that the rate of transmission, R, equals 

 

R = Hbefore– Hafter 

 

In terms of this theory, the transmission rate will drop if noise is present in the 

transmission channel. However, without noise, the uncertainty after the 

transmission of a symbol will fall away, and the transmission rate will equal the 

uncertainty that existed before the transmission of the symbol. 

 

The above formulae deal with the possibility of measuring both information and 

information transfer or flow. Accordingly, this theory may have a direct impact on 

this research study and will, thus, be revisited in a later chapter.  

 

Shannon’s theory of information and his treatment of information as a decrease in 

uncertainty have provided a satisfactory measure of the physical transmission of 

symbols over a communication channel. In view of the fact that communicated 

information always has a physical dimension, this model is relevant, although the 

physical part is only a carrier for what is meaningful, and this, in turn, lacks a 

satisfactory theoretical basis (Reeker & Jones, 2002:5). Gernert (2006:145) argues 

that Shannon and Weaver (1949) had clearly delineated the limitations of their 

theory by stating that the proposed measure of information does not take the 

meaning and usage of the message into account.   

 

According to Reeker andJones (2002:5), information becomes meaningful 

information only, also often referred to as semantic information, once the 

transmitted symbols or words, etc. have been interpreted. This interpretation 
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process depends largely on conventions, sensory capabilities, experience, language, 

adopted standards and other personal traits. The following sections will discuss the 

term information in a humanīsocial context. 

   

  

 
 

Figure 3.2: Schematic diagram of a general communication system 

Source: http://www.tnt.uni-hannover.de/js/edu/vorlesungen/InfoTheor/download 

/shannon1948.pdf (Shannon, 1948:2) 

 

3.3.3 Information as a humanīsocial concept 

 

3.3.3.1 Information in a semiotic context 

 

Semioticsmay generally be characterised as the science of symbols and systems of 

symbol with the production of symbols, the structure of symbols, and the cognition 

of symbols being the focus of this science. Furthermore, semiotics also deals with 

communication and culture, processes of cognition and orientation and interaction 

between living forms (Zimmermann, 2004:705–710). 

 

Beim Graben (2006:170) and Patokorpi (2011:43) argue that the classic 

information theory established by Shannon and Weaver, although highly useful and 
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appropriate to the telecommunications field, does not take into accounteither the 

content and the value or the meaning or quality of information. According to them, 

information is required in order to change the status of knowledge in an agent. In 

most cases it is not possible to extricate this purpose from the possibility and 

ability on the part of the receiver to act upon the change in knowledge. 

 

As a general rule, symbols may be assigned the following three components, 

namely, a structural component (morphology/syntax), a meaning of the symbol, 

and pragmatic component (purpose of action in reality context).  

 

This partitioning of symbols into three components, as proposed by the semiotic, 

may also be applied to natural speech systems. In this context of natural speech 

systems, verbal utterances may mean “devotion” (comfort), they may be used 

simply to“air some feelings”orthey may be considered as (direct or indirect) an 

order for action (“Please close the window”) (Zimmermann, 2004:705–710).    

 

During the communication process, non-verbal symbols (if it is possible to 

recognise them) are as important as the verbal information itself. 

 

In terms of information technology the core question for the linguistic science is 

the following: “Which methods are available, or must be developed,in order to 

process and make accessible to an information retrieval system, the information 

which is available in the coding of a natural language, so as to ensure that all 

relevant, and only relevant, sources of information are returned for a given 

problem?”. 

 

This problem is also manifested in the natural languages, in terms of which verbal 

utterances are fixed in words or sentences. As regards electronic dictionaries, it is 

essential that basic word forms and derivatives, word agglomerations and sentence 

structures be recognised.  

 

The semantic or meaning of words is also of interest in linguistics.  The semantics 

of information will, thus, be discussed in the following section. 
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3.3.3.2 The semantics of information 

  

In general, semantics involves the study of meaning. As such, semantics is opposed 

to syntax with semantics referring to what something means, while syntax 

represents the formal structure in terms of which something is expressed (Dodig-

Crnkovic, 2005:2). According to Dodig-Crnkovic (2005:2), semantics, thus, 

concerns the relation between the expression of language and its meaning. In terms 

of information, objective semantic information is assumed to have a declarative or 

factual value, that is, it is supposed to be correctly qualifiable alethically. 

 

The main issue in semantic information pivots on the requirement that information 

be truthful. Floridi (2005:366) argues that well-formed and meaningful data may 

still be of poor quality. However, even if data is imprecise, incorrect or 

inaccurate,it will still constitute data but, if the data is not truthful, then it will 

constitute misinformation only. Floridi (2005:366) further emphasises that, 

although the word “information” may be used as a synecdoche to refer to both 

“information” and “misinformation”, exchanging false information about a state x, 

in actual fact, does not denote the exchange of any information at all, but rather the 

exchange of meaningful and well-formed data with semantic content only. As a 

result, it is essential that any definition of information should include a necessary 

truth-condition (Dodig-Crnkovic, 2005:6). According to Dodig-Crnkovic (2005:6), 

Floridi’s quantitative theory of strongly semantic information (semantic 

information with a truth condition) is based on truth-values as opposed to the 

classic quantitative theory of weakly semantic information of Bar-Hillel and 

Carnap (D’Alfonso, 2011:66). Although the classic theory assumes that truth-

values supervene on information, this principle has been found to be too weak and 

generates the well-known Bar-Hillel and Carnap paradox (D’Alfonso, 2011:65). 

 

This paradox infers that the sentence “A triangle has four sides” contains more 

semantic information than the contingently true statement that “The earth has only 

one moon”. 
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As a solution, Floridi’s concept of strongly semantic information contains truth 

from the outset and, thus,both avoids the paradox and is consistent with the 

common usage of the word information.  

 

However, a dilemma becomes apparentin deciding between the two definitions of 

information with the weaker definition accepting meaningful data as information, 

and the stronger one claiming that information must be true in order to qualify as 

information (Dodig-Crnkovic, 2005:6–7). 

 

However, Dodig-Crnkovic (2005:6–7) argues that meaningful data need not 

necessarily be true in order to constitute information as partially true information, 

or even completely false information,may lead to an outcome which is both 

adequate and relevant for inquiry. If truthlikeliness admits degrees, then the history 

of enquiry is one of steady progress towards the truth. Accordingly, in that sense, 

models may generate information for improving our knowledge about the 

empirical world. 

 

3.3.3.3 Other diverse views and theories on information 

 
3.3.3.3.1 Fred Dretske’s naturalist theory of information (Dretske, 1983) 

 

According to Truyen (2002:6), Fred Dretske (1983), in “Knowledge and Flow of 

Information”, sets out a novel theory of knowledge based on Shannon’s theory of 

communication. Truyen (2002:6) reports that Dretske restates the technical point 

about equivocation in defining the relation between the information on the sender’s 

side ī I(s) ī and the information on the receiver’s side ī I(r). In fact, a reduction of 

possibilities takes place when a message is composed while the decision 

mechanism on the sender’s side may alter the probability that a particular token 

will be transmitted. For example, suppose a choice of eight names exists but, if a 

certain name is to be transmitted, this name is exchanged for another one. This 

name will then appear twice as likely as any other name. In Dretske’s view 

(Adriaans et al., 2008:33–37), there is a difference between I(s) and I(r) and this 

difference may be named Is(r). There are two ways of defining Is(r): 
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 Is(r) = I(r) – noise 

 Is(r) = I(s) – equivocation 

 

In the first formula the information transmitted from s to r is defined as the 

information at r without noise, and in the second formula as the information 

without the part that is not transmitted to r. It would, thus, appear that noise and 

equivocation are the same on the receiver’s side. However, on the sender’s side, it 

is not clear whether the processes are relevant to communication theory. Truyen 

(2002:7) points out that Shannon’s theory involved the transmission of signals and 

the transfer of data, irrespective of any decision made on the sender’s side. 

 

Dretske (1981:1-288) developed other principles regarding the amount of 

information generated by a certain state of affairs and the amount of information 

carried by a particular signal as well as the informational content of a signal. 

However, according to Truyen (2002:9), these definitions may be used for 

comparative purposes, but are otherwise too awkward to be used in practice. He 

also argues that, unlike Dretske, it is not possible to make abstractions about the 

manner of processing data on the part of the receiver in order to obtain information. 

However, different information will come about as a result of the receiver’s prior 

knowledge. Accordingly, information is not a given, but is created in the 

communication process, during which agents, who have information needs, process 

data accordingly. 

 
3.3.3.3.2 The situation theory of information 

 

In terms of situation theory, there is recognition accorded to the partiality of 

information as a result of the finite, situated nature of the agent (human, animal, 

machine) with limited cognitive resources. Any agent must employ necessarily 

limited information extracted from the environment in order to reason and 

communicate (Devlin & Rosenberg, 2006:8). 

 

According to Devlin and Rosenberg (2006:8), situation theory takes its name from 

the mathematical device which is introduced in order to take into account that 

partiality of information. A situation may be conceived of as a limited part of 
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reality. Such parts of reality may beeither spatio-temporal in nature, or else thought 

of as fictional worlds, contexts of utterances, problem domains, mathematical 

structures or databases. In addition, there is a distinction made between individuals 

in terms of which situations possess structure that plays an important role in the 

theory, whereas individuals do not.  

 

A fundamental assumption underlying the situation-theoretic approach to 

information is the assumption that information is not intrinsic to any signal or to 

any object or configuration of objects in the world; but that information arises from 

the interactions of agents with their environment (Devlin & Rosenberg, 2006:10). 

 

According to this approach, it is not the elements of language only that function as 

carriers of meaning but, as in the case of the real things of the world, non-linguistic 

signs may also convey meaning.  

 
3.3.3.3.3 Bar-Hillel and Carnap’s theory of semantic information (D’Alfonso, 2011:63) 

 

This particular theory of semantic information measurement is of interest to this 

research study as the theory provides measures for information. The semantic 

information theory was influenced by the work of Bar-Hillel and Carnap, who 

developed a definition for the information content of a statement in a given 

language in terms of the possible states this information content rules out. The 

basic notion is that the more possibilities (possible states of affairs) a sentence rules 

out, the more information it contains, that is, information is the elimination of 

uncertainty. The information content of a statement is, thus, relative to a language 

(D’Alfonso, 2011:63; Dodig-Crnkovic, 2005:5).  

 

According to Dodig-Crnkovic (2005:5), Bar-Hillel and Carnap suggested two 

measures of information. The first such measure of the information content 

(quantity of semantic information) of a statement S is termed the content measure, 

cont(S), and it may be defined as the complement of the a priori probability of the 

state of affairs expressed by S: 

 

 cont(S) = 1 – prob(S). 
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However, the content measure is not additive and violates other natural intuitions 

about information. Another measure, termed the information measure (or 

informativeness), inf(S) in bits is given by: 

 

   inf(S) = log2(1/(1-cont(S))) = - log2prob(S) 

 

 prob(S) again is the probability of the state of affairs expressed by S, and not the 

probability of ‘S’ in some communication channel. According to Bar-Hillel and 

Carnap, cont(S) measures the substantive information content of a sentence S, 

whereas inf(S) measures the surprise value, or the unexpectedness, of a sentence H. 

 

However, Dodig-Crnkovic (2005:5) emphasises that the information measure 

violates a common intuition that the information of S, given by an evidence E, 

must be less than or equal to the absolute information of S. In fact, according to the 

two measures above, in a case in which evidence E is negatively relevant to 

statement S, the information S relative to an evidence E is higher than the absolute 

information of S. This paradox has already been touched upon in section 3.3.3.2 

and the solution shown. The main intention of this section is, thus, to introduce the 

measurements of information. 

    

3.3.4 Information as a value concept 

 

Weissinger (2005:6) contends that some writers are in agreement that, as a concept,  

information has an evaluative sense, even if they differ on exactly what this 

evaluative sense is. He contrasts the factual with its non-factual sense, with the 

latter being described as attitudinal and understood in terms of a thing’s perceived 

benefit or harmfulness to an individual. Accordingly, the values an individual holds 

are, in fact, attitudinal states and it is these attitudinal statesthat cause one’s 

engagement in either preservation or acquisition activities.  

 

In a more idealistic sense, Weissinger (2005: 6) explains that information may be 

regarded as the very structure of thought and, thus, it is possible to define 

information as both the content of thoughts and the standard by which such thought 
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is evaluated. Valuation is, therefore, understood as a person’s ability to assess a 

thing’s likeness to a standard critically in order to determine its purpose and 

whether it satisfies that purpose. 

 

Hefurther indicates that it is possible to develop a normative system that is able to 

rate certain types of information on a series of scales of “betterness” or 

“worseness”, as determined by the individual, organisation, society, or culture. 

Furthermore, information has instrumental value, and is usually communicated in 

an organised or formalised pattern to increase its potential utility. Weissinger 

(2005:7) argues that, since the value of information is instrumental, utility is the 

major criterion of the social value of information. Moreover, information may be 

good for any number of purposes, for example, as intelligence, news, a message, 

recreation, a joke, a narrative, knowledge, and so forth because the subjective 

settings of purpose may differ. 

 

Weissinger (2005:7) also points out that other writers have produced a list of 

attitudinal states that exceed the simple states mentioned above. These values listed 

range from honesty, love, generosity, creativity and happiness to freedom. On 

reflection, it may be recognised that these values belong to different groups of 

virtues which are, in fact, character traits and which overcome certain passions and 

which obscure judgement. Creativity is a form of technical goodness. A creative 

person not only has the ability to do well but also, performs the kind of activity 

associated with excellence. Happiness is a form of hedonic good, associated with 

pleasure and notions such as enjoyment. 

 

In conclusion, meaningful information embedded in, inter alia, proverbs and oral 

narratives, has value because of both its purpose and its benefit. 

 

3.3.5 Conclusion 

 

 The preceding sections attempted to provide a composite overview of the concept 

of information. It was demonstrated that information theory has its roots in the 

natural sciences approach, as demarcated by CE Shannon. Shannon’s information 

theory is based on the purely physical character of information transferred in a 
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communication channel and is based mainly on the reduction of uncertainty, once 

symbols or data have been sent.  

 

However, this view does not account for the meaning that is attached to, nor the 

structure of, the message or data, nor does it account for whether or not the 

message or data are actually true.  

  

In general, writers agree that information is a consequence of meaningful data 

which is in the process of being interpreted by a knowledgeable person. 

 

Depending on the specific theory, that is,the weakly semantic or the strongly 

semantic theory of information, writers’ opinions range from truth not being a 

requirement to alethic neutrality being a precondition for the formation of 

information from data.    

 

However, as regards this research study thetheories of information discussed above 

must be viewed in the context of a real supply chain. The question then arises as to 

the way in which the information theories may be interpreted and how they 

influence this research. 

 

The information flowing within the company of a supply chain and between the 

supply chain members was discussed in detail in chapter 2. In answering the 

question posed above, it will be assumed that, in a particular case, the completion 

data about a manufacturing order has become available. This data may have 

become accessible either by word of mouth, or through a computerised information 

system. The data indicated that the order in question would be delayed and would 

only be completed one month later than originally envisaged. Based on this data, a 

knowledgeable order administrator in the specific manufacturing company of the 

supply chain would become aware that this manufacturing order was linked to a 

specific customer. In view of the fact that he is acquainted with this customer’s 

preferences, he would now be in a position to interpret the customer’s reaction to 

the delay and to make decisions regarding the future treatment of the order. It is, 

thus, clear that this information should be true, otherwise future decisions and 

consequences may prove disadvantageous. In this sense, the extracted information 
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is also valuable, specifically as regards both the customer and the order 

administrator. 

 

It is essential that this research study consider all elements of information and that 

a measurement of information flow in terms of physical characteristics only will 

not suffice. 

 

However, the simultaneous interpretation of all the theories of information, as 

detailed above,would be difficult and unyielding. Accordingly, the following 

sections will deal with categorising the concept of information into more 

convenient and manageable objects. 

 

3.4 THE CATEGORISATION OF INFORMATION 

 

3.4.1 Introduction 

 

If it were possible simply to express all the information that is important in 

characterising a system’s behaviour, including a supply chain, in bits, this would 

provide a numerical value that could be used to measure and control system 

performance and to effect improvements (Reeker & Jones, 2002:4). Reeker and 

Jones (2002:4) argue that in a purely physical system numerical measures of 

energy output alone may be sufficient to characterise the overall system and to 

measure energy efficiency.  

 

However, as shown in the previous sections, information does not consist of a 

physical component only and, indeed, includes semantic, semiotic and epistemic 

elements. Without these elements it would not be possible to convey information 

successfully. The elements necessary in transferring information were specifically 

elaborated on in section 3.2.2 in the discussion on the concept of the standard 

definition of information. 

 

Accordingly, Reeker andJones (2002:5–7) propose a different categorisation of 

information in terms of which information is arranged into a physical component as 

well as a meaningcomponent.In addition, Truyen (2002:12) offers another proposal 
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for characterising information in terms of a layered information model. On the 

other hand, Beim Graben (2006:170–175) and Gernert (2006:144) refer to 

syntactic, semantic and pragmatic information categories, which may, however, be 

related to the above categorisations.   

 

However, information has already been categorised in chapter one, in terms of the 

epistemology of information.   

 

In order to provide an understanding of the way in which information may best be 

categorised, the different categories applicable to information will be discussed in 

more detail in the following sections. 

 

3.4.2 Information categorisation according to a physical and a meaning component 

 

Reeker andJones (2002:5–7) proposed a classification of information,according to 

its dimensions, into potential and mediate information. This will be discussed in 

the following sections. 

 

3.4.2.1 Potential information 

 

Reeker andJones (2002:5–7) are of the opinion that Shannon’s information yielded 

a highly satisfactory measure of the physical transmission of symbols across a 

communication channel. According to them, the model is relevant as 

communicated information always has a physical dimension despite the fact that 

this physical dimension is a carrier only for what is actually meaningful. The 

physical information that is sent out is not meaningful until it is interpreted at the 

point at which it reaches the recipient. However, before that time, it is nothing 

more than data, or potential information.   

 

3.4.2.2 Mediate Information 

 

As regards their categorisation of information, Reeker andJones (2002:5–7) 

contend that the meaningful part of information (often referred to as semantic 

content or knowledge) requires a theoretical construct, which they term mediate 
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information. Themediate information directs the process in terms of which the 

potential information becomes meaningful. This mediate information,which is 

required to convert potential information into meaningful information, is partially a 

set of conventions that were used by the speaker in the belief that the listener 

would interpret the information using the same conventions. Such conventions are 

either based on sensory capabilities or consist of experiences with the world and 

the language, or areadopted from standards, informal or formal.  

  

3.4.2.3 Meaningful Information 

 

According to Reeker and Jones (2002:5–7), meaningful information consists of two 

parts, namely, potential information and mediate information. As outlined above, 

mediate information is required to attach meaning to potential information. The 

transmission of meaningful information, as shown in the case of a simple linguistic 

utterance and as depicted in figure 1.2, requires not only that a certain amount of 

potential information be transmitted, but it also requires a “hidden channel” of 

mediate information that is previously known to both the sender and the receiver. 

This may be compared with the scenario where a speaker had encrypted something 

and sent a message of which the key was the mediate information sent by another 

channel.   

 

3.4.3 Layered information model 

 

Truyen (2002:13–15) approaches the concept of information from an information 

systems and information retrieval point of view. In his proposal, he contends that 

the information contained in, for example, documents must be reformatted in order 

to adapt it to machine use. 

 

Accordingly, binding sections, which are often included in exposés, do not count as 

vital information, but must be translated into tools that the user may apply to 

navigate through the information stored. Truyen and his colleagues have developed 

a layered information model for the analysis of the content of documents before 

translating the content into machine-stored information. This model is depicted in 

figure 3.3. 
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Figure 3.3: Layered information model  

Source: Truyen (2002:13)  

 

In his information model,Truyen (2002:14–15) distinguishes between the different 

information categories as follows: 

 

- Core information. This type of information is often restyled into a 

text in terms of which verbs tend to be replaced by concepts, names, 

and attributes. Core information represents the pure content of the 

information itself. 

 

- Redundant information. Redundant information refers to a trivial type 

of additional information, which may also be considered as prior 

knowledge about a certain subject matter. 

 

- Contextual information. This information entails additional 

information, unique to the core information, which may consist of, for 

example, chronological background information relating toa certain 

period of time appearing in the core information. 
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- User community. There is often, embedded in the core information, 

information about the community that uses the specific core 

information. Accordingly, information for scholars may be 

represented and stored differently as compared to information 

relevant to books. 

 

- Procedural information. Many publications also include some 

indications on the way in which the document should be used. This 

information is referred as procedural information. In the context of a 

computer user interface, this information is separated from the “pure 

content” in order to enhance its usability for different users with, 

possibly, different skills. 

 

- Meta information. This information provides information about a 

document or publication itself. It comprises information such as, inter 

alia, the originator, the publisher, the purpose of the document, and its 

relation to other publications. 

 

- Collateral information. Collateral information includes information, 

which may possibly have an association with other information 

chains, that is, DNA research and archaeology. Initially this type of 

information does not have any importance in relation to the core 

information, as this type of information is not necessarily known. It 

may, however, become incremental information over time. 

 

- Noise. Noise originates from superfluous information and 

functionality in terms of computer interfaces. A specific type of noise 

is created when an interface requires more steps to achieve a certain 

task than to reach decisions. This, in turn, leads to the generation of 

superfluous information during each unnecessary step.  

 

 

According to Truyen (2002:16), the above types of information are, intertwined in 

the total information which is passed between human or non-human agents. This 
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information requires processing not only in human minds, but also in animal 

brains, plants, and robots and computers. However, although information, or even, 

in simpler terms, data, may reside in different storages, i.e., brains, books, CDs and 

ROMs, the data or information will become information again and again, only with 

each access, each use of it and each query made to it. Accordingly, Truyen 

(2002:16) concludes that it is essential that a genuine information theory consider 

information both as input and as the result of processing by knowledgeable agents 

who continuously try to adjust their beliefs to changing situations.  

 

3.4.4 Conclusion 

 

Two main categorisation models were discussed in the above sections.Reeker 

andJones (2002:5–7) clearly differentiate between a physical and a mediate 

component of information. The physical component may be transferred by various 

means, i.e., sound waves, whereas mediate information comprises a “key” which 

enables the encrypting and decrypting of the actual information transferred, and 

which directs the process of interpretation of the information sent through the 

communication channel. 

 

Truyen’s model (2002:13), as depicted in figure 3.3 above,sorts information into 

categories based on their relation to the core message to be transferred. His model 

is relevant specifically to information systems that process information digitally, 

and in respect of which the storage and renewed representation of information to a 

different user at a different knowledge level are of particular concern. 

 

Both models are relevant to this research study, which is principally concerned 

with the measurement of the efficiency of the information flow in supply chains 

and member organisations. As outlined in the example discussed in section 3.3.5, it 

is not possible for this study to focus on the physical part of information and its 

transfer only and the study must also take into account the totality of information 

transferred, including its meaning and value.1 In this study, the transfer process is 

                                                 
1 This study focuses on information flow. However, there will be no information flow if information is not 
transferred from one party to another. Information flow and information transfer are, thus, closely linked and, 
therefore, considered to be almost synonymous. 
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of particular importance as it encompasses information transfer and, thus, the 

information flow between persons, persons and information systems and between 

information systems. In order to retain a relevant, but simplistic, view of 

information transfer or flow, information will be considered as a single integrated 

concept, although this includes the effect of the information on its recipient. The 

basic model, as proposed by Reeker andJones (2002:5–7),is the most appropriate to 

this study, as it takes into account information which is being sent through a single 

channel and limits the unnecessary increase of variables to be observed during the 

research.  

 

The following sections will consider the flow or transfer of information and related 

concepts such as communication and knowledge transfer in more detail. 

 

3.5 INFORMATION FLOW AND COMMUNICATION  

 

3.5.1 Introduction 

 

Organisations are often considered to be part of multi-company, multi-echelon 

networks, such as supply chains. SCM aims at the integrated control of such 

networks and this, may, in turn provide significant benefits. The utilisation of 

information technology is considered to be an imperative requirement for 

managing these networks, and has also been associated with significant supply 

chain improvements (Auramo, Inkiläinen, Kauremaa, Kemppainen, Kärkkäinen, 

Laukkanen, Sarpola,& Tanskanen, 2005:2).  

 

Wu et al. (2004:1) emphasise that information flows are between persons and, in 

social organisations,such information flows are important to issues such as 

productivity, innovation and, generally, in acquiring new and useful ideas. They 

also contend that the way in which information spreads determines the speed with 

which individuals are able to act and plan their future activities. 

The flow of information is,thus, extremely important to the success of a supply 

chain. However, as mentioned above, information technology plays an important 

role in SCM and, therefore, the use of information technology requires an 

interaction with humans.  
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As regards SCM, it is possible to distinguish three distinct mechanisms of 

information flow or transfer (Mizuta & Nakamura, 2005:2): 

 

- Information flow between persons 

- Information flow between persons and information systems and vice 

versa 

- Information flow between information systems   

 

In order to understand the mechanisms governing the transfer of information or 

communication and the closely related concept of knowledge transfer, these 

concepts will be discussed in more detail in the following sections. 

 

3.5.2 Information flow or transfer and communication 

 

3.5.2.1 Basic concepts 

 

People seek and use information constantly as part of their daily lives with 

information relating to work, leisure, health, money, family and other categories 

being sought from a vast array of sources, including digital media (Johnstone et al., 

2004:1). The use of digital media is becoming ubiquitous, especially in offices. 

Nevertheless, digital information is not the only source of information. As 

indicated by Mizuta andNakamura (2005:2), person–to–person and computer 

mediated communication function as important information transfer mechanisms in 

organisations. A more in-depth discussion of the individual modes of 

communications will be contained in the following sections. 

 

3.5.2.2 Person-to-person communication 

 

In modern society, in which the use, creation and dissemination of information are 

vitally important activities, a person’s communication competence has acquired a 

new meaning in the information and knowledge society and the effective use of 

information has become a tool both for increasing competition and for the control 

of knowledge and resources. New information, which creates new knowledge, is 

acquired through communication only (Chreptaviļiene, 2004:2). 
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According to Ekman andLankoski (2003:4), face-to-face communication relies 

heavily on factors other than primary messages to transmit meaning, for example 

people use body language and tone of voice to convey meaning. Caplan (2001:3) 

suggests that interpersonal communication is a rule-governed form of interaction 

(e.g. turn-taking, conversational norms, facial expressions). In his view, it is 

incumbent on participants to attend to both verbal and non-verbal cues constantly, 

as well as to the content of the messages. Interpersonal communication involves 

messages designed for some particular other and, thus, participants in such 

communication are engaged in rule-governed, highly involved, and reciprocal 

message processes.  

 

The anatomy of the communication process has been described in chapter 1 and is 

depicted again in figure 3.4 below. This anatomy of the communication process is 

founded on both the basic theory of communication of CE Shannon as well as the 

expanded view of Reeker andJones (2002:10), who include the mediate portion of 

information as regards attaching meaning to the message sent.  
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Figure 3.4: The conveyance of knowledge process 

Source: Reeker and Jones (2002:10) 

 

3.5.2.3 Computer mediated communication (CMC) 

 

Electronic communication and information transfer are enjoying increasing 

popularity (Avrahami & Hudson, 2006:1). The advent of the Internet, in particular, 

has meant that computer-mediated communication, described as synchronous and 

asynchronous communication, using text messages and real-time pictures sent via 

computer, has increased both the breadth and depth of connectivity between 

individuals with global communication becoming available by the touch of a 

button (Grooms, 2003:2). Long distance communication has become a fact of life 
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for an increasing number of persons, and more and more relationships are being 

formed and maintained online, including supplier-purchaser relationships (Bos, 

Olson, Gergle, Olson & Wright, 2002:1). According to Bos et al (2002:1), these “at 

a distance” collaborators have an increasingly varied range of computer-mediated 

communication tools at their disposal. Piltz (2001:3–6) lists the following basic 

applications of CMC: 

 

- Electronic messages 

- Electronic mail (e-mail) 

- Electronic discussion forums 

- Computer conferences (text and video)   

 

Bos et al. (2002:1) maintain that CMC offers new possibilities for communication, 

although it is essential that the communication media be selected carefully, based 

on the type of communication task envisaged. Nevertheless, it would appear that 

there are several types of tasks that seem unaffected by the communication media 

while a few of these types of tasks, particularly those with a high affective 

component or in terms of which either context or interpersonal trust is extremely 

important, will be influenced, if not inhibited, by CMC. 

 

The mediated person-to-person(s) communication may be modelled as depicted in 

figure 3.5. 
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Figure 3.5: Mediated person-to-person(s) communication model 

Source: Ekman andLankoski (2003:9) 

 

The  modeldepicted above is similar to the communication model presented in 

figure 3.4, although the model in figure 3.5 has been extended to include the 

technical structures necessary for the mediation process. This mediated 

communication model includes both the user interfaces (UI1 and UI2) and the 

service. According to Piltz (2001:3), the user interfaces of the computer-mediated 

communication process are represented mainly by keyboards and monitors, to 

which microphones and cameras may be added with computers providing the 

service. This excludes mass media such as television.  

 

The main difference between the real person-to-person communication and the 

mediated communication may be found in the fact that the mediated 

communication lacks the direct, cognitive perception of the communication 

partner, as well as the situational, physical and psychological context (Piltz, 

2001:3). Ekman andLankoski (2003:4) contend that, in normal person-to-person 

communication, the sender has full control over what he/she sends and what is 

received. However, in mediated communication, the message sent is never the 

same message that has been sent. In figure 3.5, this situation is depicted by the fact 

that there are two messages, namely, message 1 that is sent to the service and 

message 2 which is passed on by the system. The distortion influences the 
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translation process from message 1 to message 2, thereby altering the message 

which has been sent. Such distortion may also appear in user interface 2, thus 

further influencing the message received. The complexity of user interfaces and 

services influence the characteristics of the CMC system.  

 

According to Piltz (2001:6–8), the basic characteristics of CMC include the 

following: 

 

- Individual and mass communication  

 

CMC exhibits elements of both individual and mass communication. 

Electronic messages and e-mails may be assigned to individual 

communication, whereas discussion forums and computer conferences 

may be classified as both individual and mass communication, as they 

mayeither be public or anonymous and are simultaneously interactive.  

 

- Written communication 

 

With the exception of videoconferences, CMC media, allow written 

communication only. Accordingly, it is not possible to transfer non-

verbal messages as they appear in the direct person-to-person 

communication. Therefore, the set of signs that may be transmitted 

with this type of CMC is limited to the standardised character set, as 

described by ANSI.   

 

- Asynchrony 

 

In face-to-face communication, telephony and video-conferences, both 

or all the communication partners have to be available at the same 

time. However, in the case of e-mail and discussion forums, the 

communication partners are able to read their messages or respond to 

messages at their leisure, and they do not need to be present 

simultaneously. The following aspects of face-to-face communication 

are a result of the asynchrony: 
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o Individual control: The individual communication partner 

retains control over the time, length and autonomy of his/her 

communication. 

o Flexibility and ability to reach: This includes the use of 

different terminals and the ability to read mailboxes from 

any terminal. 

o Turn taking: The continual change in the roles between the 

communication partners, as in face-to-face communication, 

is not necessary.   

o Speed of message exchange: In face-to-face communication, 

synchronisation is required between the messages sent 

during a communication with the speed of the message 

exchange occurring at the speed of speech. In the case of 

asynchronous CMC, the speed of the message transfer may 

be increased to the speed of reading. 

 

 

- Storage of communication contents 

 

The storage of the communication content is a specific characteristic of 

CMC. In contrast to telephonic or face-to-face communication, e-mails 

are stored immediately, respective to both the sender and the date of 

transmission. A similar principle is used in discussion forums, where 

submissions are archived centrally. 

 

Although not all forms of CMC are, fundamentally, different kinds of 

communication, there are, however, computer-mediated communication 

phenomena that do not represent new extensions of ourselves, nor is it possible to 

classify them in terms of the traditional notions of “mass” and “interpersonal” 

communication systems (Caplan 2001:1). However, emerging technology is 

continuously enriching the characteristics and possibilities of CMC and bringing 

them closer to face-to-face communication and its characteristics. 
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3.5.2.4 Information system-to-information system communication  

   

Business-to-business (B2B) e-commerce is emerging as a new market with 

tremendous potential. Organisations are trying to link their services across 

organisational boundaries in order to trade electronically in goods (Sayal, Casati, 

Dayal & Shan, 2001:1). However, this form of trading requires communication 

between information systems and the execution of transactions between the, often 

heterogeneous, systems of different organisations. In order to achieve successful 

interoperability between systems, industry standards, which provide guidelines as 

to the way in which the electronic interaction should be carried out, have been 

developed. However, when interacting with a trading partner, an organisation must 

not only be able to send and receive messages and carry out conversation according 

to a specific standard, but also be capable of coordinating the internal business 

processes with the external interactions. The alignment of internal and external 

business processes requires an integrated supply chain in terms of which each 

supply chain partner has installed a fully integrated ERP and SCM solution, as 

depicted in figure 3.6 below. 

 

  
 

Figure 3.6: Complementary application of ERP and SCM systems in an 

integrated supply chain  

 Source: Buxmann, Ahsen, Diaz andWolf (2004:297) 
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The ERP system provides primarily inbound oriented functions, while the SCM 

solution focuses on both intra- and inter-organisational processes. However, in 

many cases, both ERP and SCM systems are integrated into one single system. 

 

However, fully integrated supply chains rarely exist because organisationsoften 

have legacy systems installed which are interfaced with other, sometimes 

standalone, SCM and ERP systems, thus preventing full and real-time integration 

(Inovis, 2007:4).  

 

According to Barchi andTongil (2007:7), advancement in information technology 

and the acceleration of globalisation have created the problem of supporting the 

inter-operation of the various data formats and communication protocols used by 

the different trading partners in business communities. Standard communication 

protocols and unified data format automate both speed up information transactions 

and enrich the quality of the information flow. However, as is evident today, these 

standards are still far from merging into one universal standard; for example, there 

are countless disparate formats and standards of documentation, spreadsheets, 

databases, accounting software, and ERP packages in existence (Barchi & Tongil, 

2007:7).  

 

However, despite the existence of disparate systems, communication between 

systems is being used, mainly in the form of electronic data interchange (EDI) and 

web-based interactions (Zhu, 2004:168–178). 

 

The main standards will be discussed in the following sections: 

 

- EDI. EDI refers to the direct electronic transmission, computer to 

computer, of standard business forms, such as purchase orders, 

shipping notices, and invoices between two organisations. Within a 

supply environment, documents are transmitted electronically, thus 

eliminating the need to generate hardcopies and distribute these 

hardcopies manually. EDI increases the speed of the information 

flow, while simultaneously decreasing the potential for data errors 
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(Burt et al., 2009:185–186). The basic components of EDI include a 

standard EDI form, a translation capability and a mail service (the 

network). The translation software translates company-specific 

database information into the standard EDI document format, which 

will then be sent by the mail service to a third party provider, 

responsible for the network, to the receiver. At the receiver, the 

information transferred is translated into company-compatible 

information and dealt with appropriately (Swink, Melnyk, Cooper & 

Hartley, 2011:299). Before the mid-1990s, the high implementation 

cost of EDI constituted a major barrier to its wide-spread 

implementation, as EDI required significant investment by 

organisations in dedicated hardware and specialised software 

(Monczka et al., 2010:457). The WorldWideWeb, however, is a huge 

network with standard protocols, allowing for quicker, inexpensive 

B2B transactions (Burt et al., 2009:186–187). 

 

- Extensible Markup Language (XML). XML has evolved over the last 

several years from the HTML (hypertext markup language), which 

uses tags that define a Web page’s format. In the case of XML, the 

tags define both the Web page’s content and the meaning of the text 

(Webster, 2008:87). An XML parser interprets the tags according to a 

schema indicated in the message header. However, unlike EDI, which 

demands strict compliance with a predefined message length and field 

order, the information in an XML document may appear and be in 

whatever order or length the sender desires. Although it would appear 

that standards regulating the use of XML are nearing resolution, the 

main issue that may be insurmountable in terms of supply chains, is 

the willingness to share strategic information among the members of 

the chain (Burt et al., 2009:198).  

 

- RosettaNet.RosettaNet Partner Interface Processes® (PIPs®) define 

business processes between trading partners. 

PIPs fit into seven clusters, or groups of core business processes, that 

represent the backbone of the trading network. Each cluster is broken 
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down into segments ī cross-organisational processes involving more 

than one type of trading partner. Within each segment are individual 

PIPs. PIPs are specialised, system-to-system, XML-based dialogs. 

Each PIP specification includes a business document with a interface 

specificvocabulary, and a business process with the choreography of 

the message dialog (http://www.rosettanetorg/). 

 

- BizTalk. BizTalk is a Microsoft initiative that seeks to provide 

software and business communities with the necessary resources for 

learning about and using XML for enterprise application integration 

(EAI) and B2B document exchange, both within and across 

enterprises (http://msdn.microsoft.com). 

 

- Open Applications Group (OAG). OAG is a consortium comprising 

many of the prominent stakeholders in the business software and 

components industry throughout the world. The Open Applications 

Group is focused on building process-based business standards for 

eCommerce, Cloud Computing, Service Oriented Architecture 

(SOA), Web Services, and Enterprise Integration 

(http://www.oagi.org). 

 
- ebXML.ebXML is a joint initiative of the United Nations Centre for 

Trade Facilitation and Electronic Business (UN/CEFACT) and the 

Organisation for the Advancement of Structured Information 

Standards (OASIS).  The original project envisioned and delivered 

five layers of substantive data specification, including XML standards 

for business processes, core data components, collaboration protocol 

agreements, messaging and registries and repositories 

(http://www.ebxml.org/). 

 

- Object Management Group (OMG). OMG task forces develop 

enterprise integration standards for a wide range of technologies, 

including: Real-time, Embedded and Specialised Systems, 

Analysis & Design, Architecture-Driven Modernisation and 

http://www.oagi.org/
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Middleware and a range of industries, including business 

modelling and integration, finance, government, healthcare, legal 

compliance, life sciences research, manufacturing technology, 

robotics, software-based communications and space 

(http://www.omg.org/). 

- Open EDI Reference Model (ISO14662). ISO/IEC 14662:2004 

specifies the framework for coordinating the integration of 

existing International Standards and the development of future 

International Standards for the inter-working of Open-edi Parties 

via Open-edi and also provides a reference for those International 

Standards. As such, it serves to guide the work necessary to 

accomplish Open-edi by providing the context to be used by the 

developers of International Standards to ensure the coherence and 

integration of related standardised modelling and descriptive 

techniques, services, service interfaces and protocols 

(http://www.iso.org/).  

- Open Financial Exchange (OFX). OFX is a unified specification for 

the electronic exchange of financial data between financial 

institutions, business and consumers via the Internet 

(http://www.ofx.net/).  

 

It is clear from the above listing of available services that it is extremely important 

to choose the correct standard for a particular industry. The necessary criteria to 

consider include: 

 

- Control over an installed base of customers 

- Simplified implementation 

- Improved flexibility 

- Set-up time and complexity 

- Intellectual property rights 

- Ability to innovate 

- Experience 
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- Backward compatibility 

- Symmetric versus asymmetric standards 

 

Despite the fact that some industries have been successful in establishing standard 

brokers within their domains for example, RosettaNet, Chemical Industry Data 

Exchange (CIDX), Petroleum Industry Data Exchange (PIDX), and Odette File 

Transfer Protocol (OFTP), inter-operability is still an issue when data exchange is 

required across different industries. In addition, many Electronic Data Interchange 

(EDI) and Extensible Markup Language (XML) standards have been localised for 

regional requirements around the world which, in turn,exacerbates the complexity 

to this problem (Barchi & Tongil, 2007:7). 

 

3.5.3 Conclusion 

 

Information plays a significant role in the success of supply chain management. In 

the real supply chain world, information is transferred in communication processes 

in three distinct modi operandum. In the first instance, information is transferred 

from person-to-person. This type of communication involves face-to-face contact 

involving the spoken word as well as non-verbal communication, such as body 

language. In the second instance, information may be entered into an information 

system, or computer, via a keyboard or scanner. This informationmay be 

interpreted according to certain rules and be made visible on a workstation in a 

different department, via a monitor or printer. This type of communication is 

termed computer-mediated communication and it involves user interfaces and 

service providers. In the third instance, information may be transferred between 

systems following a certain protocol, which must be understood at both ends, 

namely, transmitter and receiver. In all cases it is important that the receiver 

understand the information in the way in which it was intended by the sender, thus 

providing for a common frame of understanding, and an elimination of noise. 

 

The flow and accumulation of information,which leads to new knowledge, will be 

discussed briefly in the following section.  
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3.6 INFORMATION FLOW ANDKNOWLEDGE  

 

3.6.1 Introduction 

 

The terms knowledge and knowledge management are widely used throughout 

theory.  

Pedroso andNakano (2007:2) emphasise that both information flows and 

knowledge are particularly critical in supply chains, where products and services 

are characterised by high technology content and consumers who are both 

knowledgeable and demanding. According to Pedroso and Nakano (2007:2), 

consumers must be made aware of new technologies and developments so asto 

enable them to be familiar with and to consume these new developments and 

technologies. It is essential that to understand fully new features, and applications 

as well as the limitations of new products and services, otherwise they may either 

be utilised incorrectly or consumed, causing complaints and poor product image. 

Information flows and knowledge are of the utmost importance in product 

development as well as in demand creation and propagation throughout the supply 

chain. 

 

According to Wadhwa andSaxena (2005:13–14), knowledge,unlike information 

which provides meaningful facts and data only, enablesthe making of predictions, 

causal associations and/or predictive decisions. The management of knowledge 

through systematic sharing in supply chains is an important strategic issue, which 

may significantly affect the overall performance of the supply chain (Wadhwa & 

Saxena, 2005:13–14) and will be discussed in the following sections. 

 

3.6.2 Knowledge 

 

3.6.2.1 The basic concepts of knowledge 

 

Resatsch andFaisst (2003:2), Wadhwa andSaxena (2005:14), and Garcia-Perez 

andMitra (2007:374) define knowledge as “a fluid mix of framed experiences, 

values, contextual information and expert insight that provides a framework for 

evaluating and incorporating new experiences and information”. Knowledge 
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originates in the mind of individuals (Zins,2007:479), whereas in organisations it 

may be embedded in routines, processes, practices and norms. Knowledge actively 

enables performance, problem solving, decision making, learning and teaching by 

integrating ideas, experience, as well as the intuition and the skills with which to 

create value for the individual, the employees, the organisation, its customers and 

stakeholders. 

 

The above discussion raises the question as to how knowledge is formed. Hey 

(2004:13) proposes that knowledge is created by the accumulation of information. 

Information is, thus, a necessary medium for eliciting and constructing new 

material. He also contends that knowledge is derived from an organised body of 

information. However, it appears that that part of knowledge, which is more easily 

definable, involves the accumulation and assimilation of multiple pieces of 

information, providing structure to the knowledge by forming relationships 

between the pieces of information, and internalising and personalising that 

knowledge by bringing it from the outside ‘in’ to the mind. Nevertheless, once 

inside, it is difficultboth to pin down and to see. In addition, Boisot andCanals 

(2004:2) assert that prior knowledge only wouldmake possible a contextual 

understanding of the information received.  

 

The fact that information is required in order to construct new knowledge, and that 

data leads to information, suggests that a hierarchy exists between these concepts. 

Bellinger, Castro andMills (2004:1) presented the transition from data to 

information, knowledge and wisdom (DIKW). The DIKW hierarchy will be 

discussed in the following section. 

 

3.6.2.2 The data-information-knowledge-wisdom (DIKW) hierarchy 

 

The DIKW hierarchy may be depicted in a knowledge pyramid, as depicted in 

figure 3.7. 
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Figure 3.7: The knowledge pyramid 

Source: Hey (2004:3) 

The knowledge pyramid sets out the basic dependency levels between the 

individual concepts data, information, knowledge and wisdom. However, Hey 

(2004:2) reports that other writers include understanding and intelligence before 

arriving at wisdom. 

 

Hey (2004:3) and Bellinger et al. (2004:3) outlinesuch a different perspective of 

the knowledge pyramid as presented in figure 3.8, comprising a linear chain rather 

than a pyramid.   

 

According to this view, the researching of data and the absorption of the resultant 

information relate to the experience that we have had in the past and are, indeed, 

still having. However, the construction of knowledge and the formation of wisdom 

are required to produce novel concepts in the present and future. The diagram also 

shows the change in context, from a simple gathering of data to connecting the 

parts, formulating a whole and joining different wholes together.   

 

These principles are extremely relevant to the supply chain management process. 

Firstly, data is gathered about the status of the various individual, demand 

satisfying activities. The data may be structured and accumulated and, together 
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with other knowledge about the customer, leads to customer specific information. 

Together with the data and information from related processes, such as materials 

management and distribution management, it is then possible to construct 

knowledge about the status of the company processes. Joining the knowledge of 

one company with the knowledge from other supply chain partners will lead to an 

overall view of the entire supply chain performance. 

 

 
Figure 3.8: A different perspective of the knowledge pyramid 

Source: Hey (2004:3) 

 

The following section will discuss different types of knowledge in the hope that 

this will lead to a deeper understanding of the concept of knowledge. 

 

3.6.2.3 Types and styles of knowledge 

 

Mittelmann, Häntschel, Ehrhart, Hahn andWienerroither (2001:4) argue that 

knowledge may be found in individual form, bound to a person. However, it is also 

available in collective mode, in terms of the procedures, routines, practices and 

rules of an organisational unit or working group.  
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Knowledge may also exist as either an internal or anexternal species. The internal 

knowledge may be considered to exist within an organisation, whereas external 

knowledge may exist with the consultants or other cooperating partners of an 

organisation. 

 

Resatsch andFaisst (2003:3–5) contend that knowledge may be divided into 

another two types, namely, explicit and tacit. Experts, who possess topic specific, 

as well as cognitive, skills that contain patterns of thought or notions, beliefs, 

institution and mental models, hold tacit knowledge. Explicit knowledge may be 

articulated in an artefact of some type outside of a human being, and may be 

transferred to other persons. Explicit knowledge is rational and includes theoretical 

approaches, manuals and databases. The above typology of knowledge is 

illustrated in the knowledge cube depicted in figure 3.9. 

 

 
 

Figure 3.9: The knowledge cube 

Source: Mittelmann et al. (2001:4) 

 



177 
 

The explicit and tacit oriented perspective lends itself to the categorisation of 

knowledge into four styles, namely, dynamic, system-oriented, human-oriented and 

passive, as shown in figure 3.10. 

 

Resatsch andFaisst (2003:4–5) emphasise the use of these four styles to 

characterise organisations. According to them, passive style organisations do not 

manage knowledge in a systematic manner and do not truly exploit knowledge. 

Organisations of the system-oriented style place greater emphasis on codifying and 

reusing knowledge, which is, in turn, increased by the use of advanced IT systems 

to facilitate the complexity of accessing and using knowledge. The management 

capabilities of such organisationsare enhanced by group and standard training 

programs. Human-oriented style organisationsplace the emphasis on acquiring and 

sharing tacit knowledge and interpersonal experience. Knowledge within such 

organisations originates from internal networks with good relationships among 

organisational members. These organisations tend to seek radical learning abilities 

and prefer procedures such as storytelling as a way in which to share knowledge. 

The dynamic style is an aggressive and integrative way to manage tacit and explicit 

knowledge dynamics. The organisationscharacterised by style achieve the best 

overall performance of all the types of organisations.   

 

 
Figure 3.10: The four styles of knowledge 

Source: Resatsch andFaisst (2003:4) 
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It is important to note that the explicit–oriented level considers the degree of 

codifying and storage of organisational knowledge needed if a person is to use it 

and access it and this, in turn, also renders knowledge easily transferable. The tacit-

oriented level considers the acquisition and sharing of organisational knowledge. It 

is this type of knowledge that resides in the minds of an individual and is difficult 

to track. 

 

3.6.3 Conclusion 

 

Section 3.6 discussed the concepts of information flow and knowledge. Knowledge 

is formed by accumulating information in a contextual sense by applying prior 

knowledge. This process leads to knowledge innovation ī one of the most 

important assets for most organisations. Organisations have found that, in order to 

remain competitive in a climate of increasingly sophisticated customers, increased 

competition and the availability of technology, they have both to engage into 

activities aimed at harnessing the existing knowledge stock, but also to renew the 

knowledge within the knowledge stock so as to stay abreast of developments 

within a specific market These requirements have led to the increased use of 

information technology in order to store and redistribute knowledge.  

 

3.7 CONCLUSION 

 

 This chapter dealt with the concepts and complexities of information, information 

flow, communication, and knowledge. 

 

The introductory section emphasised the fact that efficient information transfer 

plays an important role in the successful operation and integration of the supply 

chain and its related activities. The way in which information spreads determines 

the speed with which individuals are able both to act and to plan their future 

activities. 

 

 A composite overview of the concept information was provided. Information was 

defined and categorised in different contexts. The concept of communication as a 
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means of transferring information between different media was introduced. In 

order to transfer or communicate information it is important to understand that 

information comprises both a physical and a mediate component.  The physical 

component consistssolely of the physical possibility of transferring the 

information, whereas the mediate component includes the meaning of the words, 

tone of the voice, as well as non-verbal signs, especially in person-to-person 

communication. It was also emphasised that both information and the data creating 

the information must be well-formed, meaningful and truthful. 

 However, supply chains do not communicate solely in terms of person-to-person 

communication. Current technology also promotes person-to-computer and 

computer-to-person communication, agglomerated in the term computer-mediated 

communication. This type of communication differs from the person-to-person 

communication in that interfaces are required that allow the human user to translate 

the entered information into a computer-compatible format as well to translate the 

computerised information into a human-understandable format. 

 

Modern technology also makes provision for the transfer of information between 

computers and information systems with such transfers requiring a clear 

understanding of the meaning of the messages sent. This is accomplished by 

protocols and laid down standards that regulate the way in which electronic 

information transfer should be carried out.  

 

 In order to improve communication and data transfer in supply chains, supply 

chain managers often embark on the use of information systems tailored to supply 

chain activities. The nature of such systems will be discussed in the following 

chapter. 
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CHAPTER 4 
THE ROLE OF MANAGEMENT INFORMATION SYSTEMS (MIS) IN 

THE SUPPLY CHAIN 
 

 

4.1 INTRODUCTION 

 

 If they are to remain successful,it is essential thatsupply chains become more and 

more efficient and more responsive to the needs of increasingly demanding 

customers, as business survival and prosperity continue to become more 

problematic. For example, competitive pressures have led to former competitors 

forming mergers to create global conglomerates, the continued downsizing of 

corporations to concentrate on core business and to improve efficiencies, efforts to 

reduce trade barriers, and the globalisation of capital.  

 

All these facts point to an increased internationalisation of business organisations 

and markets, as well as increased complexity. In addition, business issues and 

decisions are also becoming more convoluted and must be made in real time 

(Turban et al., 2007:3). This increased demand as regards flexibility requires that 

more and more information be disseminated and analysed in shorter periods of 

time.  

 

Recent developments in information technology (IT) have made it possible to store 

vast amounts of data and information, and to design algorithms to sift through the 

data and information quickly so as to return the information necessary for the 

making of effective decisions. Both IT and communication networks play a 

significant role in designing supply chains that have a competitive advantage 

(Hugos, 2006:169).  

 

IT assists particularly in the provision of information and its transfer by storing 

information and making it available on request. These tasks are carried out by 

information systems (IS), which are designed specifically to collect, manipulate 

and disseminate data and information and to provide a feedback mechanism (Stair 

& Reynolds, 2003:4). 
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According to Ventana Research (2006:4), organisations have struggled with 

information challenges for years with billions of dollars being spent on addressing 

this issue by acquiring cutting-edge information technology. Today, advances in IT 

have reduced both the cost and complexity of these IT systems. However, it is 

essential that company executives be able to take advantage of the rapidly 

changing conditions and make the best use of the available resources. Gaining 

greater access to useful information has been one of the most significant reasons 

why organisations invest in IT and information systems. Organisations require 

information for the following reasons (Ventana Research, 2006:5–6): 

 

- Financial reports 

- Management reports 

- Alerts 

- Visibility 

- Decision support 

- Planning and budgeting 

 

Such reports are often created on a regular basis, that is, monthly or weekly, or on 

an ad hoc basis for specific analyses. Information systems that provide such 

information have been implemented in many different forms. The main 

implementations include stand-alone spread-sheet systems, extended spread-sheet 

systems incorporating central databases, fully-fledged enterprise resources 

planning systems, decision support systems and supply chain execution systems 

(SCE). Any of these systems should provide benefits to the users in terms of 

powerful analysis capability and easy reporting facilities as well as adequate 

security features.  

 

If the above facts are taken into account, it may be concluded IT has had a 

profound effect on the performance of supply chains and that IT is a critical 

enabler of effective supply chain management (Simchi-Levi et al., 2009:14–15). 

Progress in information technology enables organisations to share information ī 

one of the most critical factors in building integrated supply chains. The flow of 

information in business organisations and, particularly, in supply chains affects 
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productivity and innovation because it determines the speed with which individuals 

are able to act and plan future activities (Wu et al., 2004:1). Any delays in response 

to any information transferred or delays in transferring information between supply 

chain members will, ultimately, affect the efficiency of the supply chain. Ideally, 

all the participants in the supply chain would support real-time, online 

communication, and information sharing. McLaren et al, (2004:1–15) found that, 

by implementing information systems, organisations will integrate both internally 

and externally. In addition, the level of information integration plays a decisive 

role in the way in which organisations and supply chains communicate.  

 

It is clear that information systems impact on the efficiency of the information flow 

in both organisations and supply chains and, therefore, the concepts of and 

associated with information technology and information systems require 

elucidation. These will, thus, be discussed in the following sections.  

 

4.2 BASIC CONCEPTS 

 

4.2.1 Information technology (IT) 

 

4.2.1.1 Origin and definition  

 

Information technology is derived from the French word informatique and 

informatikain Russian and encompasses the notionof information handling. 

According to Chidnandappa andDharnendra (2006:1–2), IT is a new science 

involving collecting, storing, processing and transmitting information.  

 

The online encyclopaedia Merriam-Webster defines IT as “the technology 

involving the development, maintenance, and use of computer systems, software, 

and networks for the processing and distribution of data”.  

 

According to Oz andJones (2008:15), information technology may be defined as 

“all technologies that collectively facilitate construction and maintenance of 

information systems”. In a more day-to-day interpretation, information technology 

is often referred to as “the application of computers and telecommunications to the 



183 
 

collection, processing, storage and dissemination of voice, graphics, text, and 

numerical information” (Tansey, 2003:3). Tansey (2003:4) contends that the main 

uses of information technology comprise the following: 

 

- Storage and easy retrieval of information: databases 

- Analysing information: spreadsheets, accounting packages 

- Internal communications (within business): networks 

- External communications (with other businesses and customers): e-

mail, booking systems, etc. 

- Presentation of information: word processing and desktop publishing  

- Computer-aided design (CAD) 

- Computer-aided manufacture (CAM): robots, process control 

- New and better products: video recorders, washing machines, etc. 

 

These main uses may be divided into categories which, in turn, lead to the 

components of information systems ī see nextsection. 

 

4.2.1.2 The components of information technology    

 

According to Chidnandappa andDharnendra (2006:2–4), it is possible to discern 

the following components of information technology: 

 

- Computer technology 

- Communication technology  

- Reprographic, micrographic and printing technologies 
 

4.2.1.2.1 Computer technology 

 

Computer technology encompasses computer, software, artificial intelligence, 

microchip technology, ROM and storage technology, machine-readable databases 

and computer networks.  

 

The computer hardware of modern microcomputer systems includes a central 

processing unit (CPU), internal memory storage, disk drives and other devices for 
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the transfer of data and programs in and out of memory, and telephone or network 

connections for linking computers with other computers. The internal memory 

storage may be divided into three categories, namely, random access memory 

(RAM), read-only memory (ROM) and disk space such as hard disks.  

 

Apart from the internal memory and processing chips, computers also contain input 

and output units (I/O devices), which transfer data in and out of the computer. Such 

devices include typewriter-type keyboards, mice, printers, telephone lines, 

microphones, loud speakers, scanners, monitors and voice recognition software.  

 

Computer software consists of programs, which are stored in external or internal 

memory storage. These programs contain instructions which, when executed, allow 

the user of the computer to carry out manifold activities, such as writing letters, 

performing calculations on a spreadsheet, playing games or music, or creating new 

programs. 

 

Computer programs fall mainly into two categories, namely, operating systems 

programs and application programs. Operating system programs manage the 

internal functions and activities of the computer. They carry out the coordination 

tasks of reading and writing the data between internal units, such as hard disk, 

RAM and CPU, between internal and external equipment, such as keyboards and 

printers, performing basic housekeeping functions, and facilitating the use of 

application programs. As a result of the fact that a computer requires an operating 

system program, it follows that the application program must be compatible with 

the operating system program. In order to accomplish the required compatibility 

between the two types of programs, the operating system program offers an 

application-programming interface (API) to the application program developers.  

 

Computer networks allow computers to communicate with each other and this, in 

turn, enables dispersed computer users to exchange information between them, for 

example, by electronic mail (e-mail) or the internet.This also reduces the time and 

cost of transferring information, regardless of the physical location of the 

computers.  
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The construction of a computer network requires certain hardware which,either 

physically or virtually, connects the individual computers with each other. In the 

simplest form, a simple cable may link two computers if they are situated in close 

proximity to each other. Long-distance connections between computers may be 

accomplished via the telephone line or even wireless systems. A modem is one 

common type of hardware that manages the telephonic transmission of digital data. 

Networking software is required to enable computers to communicate with each 

other. 

 

Networks may be of limited nature, such as Local Area Networks (LANs), which 

are mainly used in organisations to connect employees with each other and to 

enable them to share data with each other, or else public networks, such as the 

World Wide Web (WWW or Internet). The WWW renders accessible to Internet 

users hypertext documents, which reside on hypertext transfer protocol (HTTP) 

servers throughout the world. These hypertext documents or web pages are 

identified by uniform resource locators (URLs), and are written in hypertext mark-

up language (HTML). The codes embedded in the web pages may instantly access 

other documents on the WWW. The Internet became a mass media phenomenon 

with the development of “web browser” programs that permit personnel computers 

to access a wide variety of information and programs on the WWW. The Internet 

has also changed the way in which commerce is conducted. The Internet enables 

virtually all users to buy certain goods and trade via the Internet The development 

of this electronic commerce (e-commerce) has shifted the speed with which 

business transactions are carried out, and poses new challenges to the legal, as well 

as the supply chain management, community.  
 

4.2.1.2.2 Communication technology 

 

Communication technology may be classified into the following groups 

(Chidnandappa & Dharnendra, 2006:3–5): 

 

- Audio technology 

As a result ofdramatic improvements and inventions, older 

gramophone records have been dwindling in importance and far more 
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sophisticated cassettes and tape recorders have emerged. Today, 

random access memory devices are slowly replacing the older tape 

based units, although these older tape based units are still widely used 

for creating back-ups of large, server based data. Modern FM 

(Frequency Modulation) receivers are replacing the outmoded AM 

(Amplitude Modulated) radio receivers. This audio technology may 

be used in libraries and information centres for the provision of a 

wide variety of information. 

- Audio visual technology 

Motion pictures, television and videodisc are the main representatives 

of this technology. Videodisc is a new medium containing pre-

recorded information, which allows the user to reproduce this 

information in the form of images on the screen of a television 

receiver at will while videodisc technology offers high quality 

storage, image stability and speed of recall. 

- Facsimile transmission (fax) 

Facsimile transmission has been boosted by the adoption of methods 

of data compression made possible by compact, reliable and 

inexpensive electronics.  During the initial stages, the average speed 

of facsimile transmission was 3.4 minutes per page.  However, this 

technology was slow and was replaced by micro facsimile. Satellite 

communication and fibre optics have increased the potential of 

facsimile transmission. 

- Electronic mail 

E-mail is the electronic transmission and receiving of messages, 

information, data files, and letters or documents by means of point-to-

point systems or computer-based messages systems. 
 

4.2.1.2.3 Reprographic, micrographic and printing technologies  

 

The technology of reprography has made a big impact on the document delivery 

system.  Most research libraries have reprographic machines and provide 

photocopies of any document on demand.  By using reprographic and micrographic 

techniques, it is possible to condense bulky archives and newspapers and, 
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thus,solve storage problems. Such techniquesalso serve the purpose of preserving, 

they help in resource sharing and the save the time of users. 

 

- Micro forms 

Microforms is a term referring to all type of micro-documents, 

whether they are transparent or opaque, or in roll or sheet form.  The 

varieties of microforms include microfilm, microfiche, ultra fiche, 

microopaques, cards. 

- Roll-film (microfilm) 

Microfilm is a continuous strip of film with images arranged in 

sequence.  It is available in 100 feet rollswhich are 35 mm wide. 

- Microfiche 

This is flat film with large number of images arranged in rows and 

columns.  Standard sized microfiche of 4x6 inches accommodates 98 

pages. 

- Printing technology 

Thousands of years ago, people recognised the need to keep records 

of their daily activities. Paper was invented and the art of writing and 

record keeping came into being. However, lasers and computers have 

now entered the field of printing. There are three categories of 

computer printers, namely, line printers, dot matrix printer, and laser 

printers with laser printers being the most popular today. 

  

Information technology supports the internal operations oforganisations in a supply 

chain as well as collaboration between these organisations. In the context of supply 

network innovation, information systems are the primary conduit for information 

flow. Information systems will be discussed in the following sections. 

 

4.2.2 Information systems (IS) 

 

4.2.2.1 The basic concepts of information systems  

 

As outlined above, an information system comprises any organised combination of 

people, hardware, software, communication networks and data resources that stores 
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and retrieves, transforms and disseminates information within an organisation 

(O’Brien & Marakas, 2006:6). This concept of data and information processing is 

depicted in figure 4.1 (Hogan, Carnahan, Carpenter, Flater, Fowler, Frechette, et 

al., 2001:344): 

 

 

 
 Figure 4.1: Concepts of information and data processing 

Source: Hogan et al. (2001:344) 

 

Figure 4.1 above illustrates the concept of processing data into information, storing 

data and information and representing data and information on request using an 

information system. This theory may be applied to different types of information 

systems. 

 

The following, two concepts are embedded in “information systems”, namely, the 

concepts of information and systems.  The concept of information, which is one of 

the main topics of this research work, has already been discussed in-depth in 

chapter 3. However, the concept of “systems” will be briefly discussed in the 

following sections. 
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4.2.2.2 Systems 

 
4.2.2.2.1 Basic concepts and definition 

 

According to Oz andJones (2008:12), a system may be defined as “an array of 

elements or components that interact to accomplish goals”. In other words, the 

elements themselves and the relationship between them determine how the system 

works. In addition, systems include inputs, processing mechanisms, outputs and 

feedback.  

 

Bellinger (2004:1), on the other hand, defines a system as “an entity which 

maintains its existence through the mutual interaction of its parts”.The main 

emphasis in this definition is on “mutual interaction”. This, in turn, implies that 

something is occurring between the parts, over time, which maintains the system. 

Accordingly, a system differs from a simple collection of elements or parts as, in a 

system, element A of the system influences element B of the same system, but 

element B also influences element A. 

 

Examples of systems include cells, organisms, persons, communities, solar systems 

and the universe. 

 

In any discussion about systems and the interactions between the elements of these 

systems, the notion that these interactions produce results, which are greater than 

the sum of the results of the individual actions of each element in isolation, is of 

key importance. This effect is termed synergy. 

 

Systems exist in many different forms and shapes and for vastly different purposes. 

Other examples of systems include, inter alia, a carwash, a coffee shop, a school, a 

movie with some of these systems depending on their environment, for example, 

the carwash, while others, for example,mechanical systems, do not depend on their 

environments. Based on their interaction with the environment, systems may be 

classified into different categories. This classification of systems is the subject of 

the next section.     
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4.2.2.2.2 Classification of systems  

 

As mentioned above, systems may be classified according to their interaction with 

the environment. Bellinger (2004:2–3) proposes that systems may be isolated, 

closed or open. However, Reynolds andStair (2003:10) and O’Brien andMarakas 

(2006:24–25) extend this list of system characteristics to include an organisational 

point of view, and add classification items such as simple and complex, stable and 

dynamic, adaptive and non-adaptive, and permanent and temporary. 

 

As regards computer systems that process inputs through a set of instructions 

contained in a program and produce desired outputs such as reports, it is clear that 

such systems may be simple or complex, permanent and stable and, in most cases, 

non-adaptive in nature. It is the latest software only which is used in artificial 

intelligence, and which is capable of learning, that may be considered as both 

dynamic and adaptive. 

 

For the sake of completeness, Bellinger (2004:3–5) mentions Boulding’s 

classification of systems. This classification is based on the viewpoint of the 

economist Kenneth Boulding(Bellinger, 2004:3–5)and includes the following six 

general classes: 

 

- Parasitic system ī a system in which the positive influence from one 

element to another provides a negative influence in response to the 

first. 

 

- Prey/predator system ī a system in which the elements are essentially 

dependent on each other from the perspective that the quantity of the 

one element determines the quantity of the other element. 

 

- Threat system ī a system in which one element does not do 

something if the other element does not do something else. 
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- Exchange system ī elements of this system provide goods and 

services to other elements in exchange for money or other goods and 

services. 

 

- Integrative system ī a system in which some elements work together 

in order to achieve a desired common objective or goal. 

 

- Generative system ī a system in which two people come together to 

create something,although neither of them have any idea when they 

began the process. 
 

4.2.2.2.3 System performance and standards 

 

It is important to know how well or how badly a system performs, particularly as 

regards information systems, in terms of which the processing of massive amounts 

of data may require resources for long periods of time. O’Brien andMarakas 

(2006:16) maintain that system performance may be measured in several ways. 

Firstly, they mention efficiency as a performance measure. Efficiency is a measure 

of what has been produced divided by what was consumed in production. The 

second measure they propose is effectiveness, which measures the degree to which 

a system achieves its goals. One way of calculating this measure is to take the 

number of goals achieved and divide this figure by the total number of goals 

required.  

 

However, in order to evaluate system performance, a system performance standard 

is required with which the efficiency and effectiveness measures may be compared.  
 

4.2.2.2.4 System variables and parameters 

 

Systems and their elements are not always under the direct control of a decision 

maker. For example, the price a company charges is under the direct control of the 

companyconcerned, whereas the cost of raw material may not be under the 

company’s control. The quantities or items that may be controlled are termed 

system variables, while those items that cannot be controlled are termed system 
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parameters. It is important to differentiate between the variables and parameters 

when designing and modelling systems (Stair & Reynolds, 2003:11) 

 

4.2.3 Types of information systems 

 

4.2.3.1 Introduction 

 

The above discussion on general systems provided a basic definition of the concept 

of systemsand, in particular,an explanation of the classification of systems as well 

as the interaction between the elements of a system. As discussed above, the 

systems theory may also be applied to computer and information systems.  

 

Oz andJones (2008:22–26), Reynolds andStair (2003:18) and Murphy andWood 

(2004:62) propose that the information systems used in business organisations may 

be categorised into transaction processing systems, supply chain management 

information systems, decision support systems, customer relationship systems, 

business intelligence systems and geographic information systems. Some 

businesses employ special systems such as artificial intelligence and expert 

systems. 

 

4.2.3.2 Management information systems (MIS) 

 

Oz andJones (2008:9–14) describe a management information system as an 

information system, which provides managers with predefined management reports 

which contain the information required to aid decision making. According to 

Geerders (2004:1–5), the MIS are consistent, modular and flexible tools for the 

systematic acquisition, analysis and archiving of data and information from a 

variety of sources. In particular, MIS should, ideally, provide an understanding of 

relevant processes on the basis of available, historic information as well as 

providing information about a current situation, especially for early-warning, 

forecasting changes and impacts as well as forecasting the consequences of policy 

decisions and measures. 
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Generally, MIS generate outputs, either on demand or automatically, and 

periodically in the form of textual or graphical reports. Such reports may be 

transmitted to the relevant users in either digital or printed form. Another group of 

reports may be generated to assess the possible consequences of certain measures 

or activities, such as the availability of new manufacturing capacity.  

 

On the other hand, Geerders (2004:1–5) maintains that MIS are costly assets and 

require detailed planning, design, implementation and operation in order to ensure 

success.   

 

4.2.3.3 Decision support systems (DSS) 

 

Murphy andWood (2004:62) contend that decision support systems aid managers 

in making decisions by providing information tools for analysis and models. These 

tools and models enable the users to store information, access and report historic 

information, analyse and manipulate information, as well simulate future, proposed 

situations.  

 

Simulation involves a model which consists of a series of mathematical 

relationships and algorithms, which describe a specific, real-world problem. By 

using such models, the users will be able to predict an outcome by changing the 

values of parameters and input variables and entering these new values into the 

model.  The results of the simulation will approximate reality the best if the model 

provides a comprehensive descriptionof the real-world problem.  

 

However, despite the fact that simulation is a powerful analytical tool to predict 

results to changes in the real-world problem cheaply, a poorly constructed model, 

bad data, inaccurate assumptions and even overly complex models may lead to 

sub-optimal, or even unworkable, solutions. 

 

4.2.3.4 Transaction processing systems 

 

A transaction processing system captures and processes the data which describes 

business transactions, updates organisational databases and produces a variety of 
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information products (O’Brien & Marakas, 2006:220–222). Transactions arean 

integral part of doing business andinclude sales, purchases, deposits and payments 

as well as transactions arising from production processes.  

 

According to O’Brien and Marakas (2006:220–222), the primary objective of a 

transaction processing system is the efficient processing and control of such 

transactions. The actual processing of transactions by the computer system may be 

carried out in either batch or real-time mode (O’Brien & Marakas, 2006:220–222; 

Oz & Jones, 2008:13). As regards batch processing, the data relating to the 

transactions is stored for processing at a later time, whereas real-time processing 

mode processes transactions at the time at which they occur.  

 

Examples of transaction processing systems include payroll systems, the computer-

to-computer transmission of business data in a structured format via EDI, 

automatic identification technologies such as barcode enabled transaction 

processing, and point-of-sale systems that record the sale of specific items at the 

till (point-of-sale). 

 

The enterprise resource planning (ERP) system is a special type of transaction 

processing system. Generally, the ERP system integrates the manufacturing and 

business finance functions of an organisation. In many cases, the ERP system also 

includes purchasing, production planning and inventory modules. In order to 

maintain these functions, the ERP system captures transaction from the different 

functions of the business, and updates databases simultaneously in the business 

function modules that are affected by the transactions captured. Accordingly, the 

main benefit of an ERP system is its consolidated capability of updating and 

reporting the effects of multiple transactions across all business functions(Cuenca, 

2004:243–248).  

 

4.2.3.5 Artificial intelligence (AI) and expert systems (ES) 

 

Artificial intelligence is a subfield of computer science which is devoted to the 

development of programs that enable computers to display behaviour that may be 

characterised as intelligent (Thomason, 2009:1; O’Brien & Marakas, 2006:10). 
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This, in turn, implies that AI systems display behaviour that humans associate with 

intelligence or solve problems that humans believe an intelligent being only would 

be able to solve. 

 

Richter (2004:12–15) contends that, in order to achieve intelligent behaviour, AI 

systems need a way in which to represent knowledge and methods for reasoning. 

AI systems generally differ from procedural programs in that AI programs do not 

follow a prescribed order of steps, although knowledge is represented and 

reasoning methods are provided. 

 

AI systems are used mainly in the areas of mathematical reasoning, natural 

language understanding, vision, robotics, machine learning neural networks and 

general knowledge based systems (Richter, 2004:15–17). 

 

However, as regards SCM and, specifically, logistics, AI systems have been 

employed to manage certain parts inventories of the US Air Force.  IS, utilising AI 

which is dedicated to a specific domain, are termed experts systems (ES). ES 

provide specific solution for specific problem areas such as the example cited 

above. Other examples involving ES include systems focused on specific issues 

regarding highway traffic, predicting urban traffic flows and managing traffic 

congestion (Murphy & Wood, 2004:68–69). 

 

4.2.3.6 Conclusion 

 

In conclusion, information systems acquire and store data which may, in turn, be 

used to extract information. Generally, IS may be divided into management 

information systems (MIS), decision support systems, transaction processing 

systems and systems employing artificial intelligence. In practice, organisations 

choose IS packages suited to the size and requirements of the company concerned, 

while the main implementations of IS are undertaken in terms of the financial 

functions. However, rapid growth in the use of IS has occurred specifically in the 

use of application specific software such as, inter alia, financial management, asset 

management, logistics, enterprise resource planning, customer relationship 

management, inventory planning, supply chain management, and warehousing, 



196 
 

particularly as regards an operational and execution related emphasis. The 

following section will focusmainly on the characteristics of IS.  

 

4.2.4 Characteristics of information systems 

 

4.2.4.1 Introduction 

 

As mentioned earlier in section 4.2.2.1, an information system consists of a set of 

interrelated elements or components that collect (input), manipulate (process) and 

disseminate (output) data and information and provide a feedback mechanism 

designed to meet a specific objective. 

 

Information systems and technologies are a vital component of successful business 

and organisations (O’Brien & Marakas, 2006:4).For this reason, the remainder of 

this chapter will deal with computer-based information systems (CBIS). 

 

According to O’Brien andMarakas (2006:26–28) and Oz andJones (2008:18), 

CBIS consist of hardware, software, databases, telecommunications, networks, 

people, procedures and information products that are configured to collect, 

manipulate, store and process data into information. An overview of a CBIS is 

depicted in figure 4.2 below. 

   

However, once an IS has been established, it is essential that the data and 

information contained in the system be protected from unauthorised access. In 

particular, the data and information need to be protected in order to ensure the 

confidentiality, integrity and availability of information system assets, including 

information and data that is to be communicated (O’Brien & Marakas, 2006:455–

457). In addition, it is often necessary to extend security measures to cover a 

complete network.  
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Figure 4.2: The basic components of an information system 

Source: Adapted from Bagad (2009:1–6) 

 

The following sections discuss the most common components of an IS, including 

software, networks, databases, people, procedures and feedback, especially from 

the point of view of information retrieval and the necessary interfaces with humans 

as well as specific security principles. 

 

4.2.4.2 Components of an IS 
 

4.2.4.2.1 Hardware 

 

(i) Overview 

 

Hardware consists of equipment which performs input, processing, output, storage, 

telecommunications and networks. Accordingly, hardware represents the physical 

aspects of computers which are required to support the information and 

information processing needs of an organisation electronically. Lin(2) (2006:4) 

distinguishes the following six categories of hardware, namely  
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- input device 

- output device 

- storage device 

- central processing unit (CPU) 

- telecommunications device 

- connecting device. 

 

These devices will be discussed in more detail in the following sections. 

 

(ii) Input techniques 

 

Lin(2) (2006:14) contends that input devices are tools with which to capture data 

and commands. Input may be manual, that is,by means of a keyboard, or electronic 

with the aid of scanners. Typical input devices include 

 

- keyboard 

- point-of-sale (POS)  

- microphone 

- mouse 

- pointing stick 

- touch pad 

- touch screen 

- barcode reader 

- optical mark and character recognition (OMR and OCR) 

- Scanner 

- RFID reader 

 

 (iii) Processing techniques 

 

According to Oz andJones (2008:20) and Stair and Reynolds (2003:14), processing 

involves the conversion or transformation of data into information. Accordingly, 

processing may involve calculations, the comparison of data, the sorting of data, 

the conversion of data and the storing of data for future use. Processing requires 

central as well as peripheral processing units, which carry out specific instructions, 
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as dictated by the operating system. Accordingly, the CPU orchestrates the 

interactivity between the input, output, storage and other peripheral devices. In 

addition, the CPU, in conjunction with the operating system, also monitors and 

directs the activities of application software, which is often required to perform 

specific and user defined tasks.  

 

(iv) Output techniques 

 

According to Lin(2) (2006:15–16), output devices may be characterised as 

equipment that is used to see, hear, or otherwise accept the results of information 

processing. The most common types of output devices include: 

 

- Monitors 

i. Cathode-ray tube monitors (CRTs) 

ii. Flat-panel displays 

iii. Liquid crystal display (LCD) monitors 

iv. Gas plasma displays 

 

- Pixels – the dots that make up an image on the computer screen 

- Printers 

i. Inkjet printers – form images by forcing ink droplets through 

nozzles 

ii. Laser printers – form images using an electrostatic process in 

the same way in which a photocopier works. 

iii. Multifunction printers – scan, copy, fax, as well as print 

 

- Loudspeakers – produce audible sound 

 

(v) Storage  

 

Storage devices are units that store data, either temporarily or permanently. 

Temporary storage is commonly found in a computer’s memory, with the 

information beingassigned to a memory location for later retrieval, whilst specific 

software is in execution. Once the software terminates, the storage locations are 
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cleared and become available for the next process. However, the permanent storage 

of data and information requires either a technology in terms of which the state of 

the memory location is not altered, or else technology such as magnetic or optic 

material, which may be altered to maintain the information or data written to it. 

The former technology is used to realise flash memory and memory cards, whereas 

the latter technology has been utilised in the creation of high-density floppy disks, 

hard disks, CD-ROM/R/RW and DVD-ROM/R/RW2 discs. 

 

(vi) Telecommunication devices 

   

Stair &Reynolds (2003:17) define telecommunication devices as units that carry 

electronic signals and transmit these signals to other telecommunication devices, 

which receive the transmitted signals and convert them into data that a computer is 

able to accept. Lin(2) (2006:19) differentiates between the following 5 basic 

telecommunication devices: 

 

- Dial-up access: on demand access using a modem and a regular 

phone line. Such devices are cheap, but generally slow (2400bps3 – 

56kbps). 

- Cable carrier: requires a cable and special cable modem. These 

devices function at approximately 512kbps – 200Mbps. 

- DSL (digital subscriber line): this technology uses the digital portion 

of regular copper telephone line to transmit and receive information. 

A special modem and adapter card are required. This device operates 

in the bandwidth of 128kbps – 30Mbps. 

- Wireless (LMCS): access is gained by connection to a high speed 

cellular such asa local, multipoint, communication system (LMCS) 

network via a wireless transmitter/receiver. This device operates at 

30Mbps or more.  

- Satellite: newer versions of telecommunications devices are 

characterised by two-way satellite access, thus obviating the need for 

                                                 
2 ROM = read-only memory, R = recordable, RW= rewritable, CD = compact disc, DVD =   
3 bps = bits per second, kbps = kilobits per second, Mbps = megabits per second 
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phone lines. Operating speeds of several hundreds of Mbps are 

achieved. 

 

O’Brien andMarakas (2006:194–196) also elude to terrestrial microwave 

technology, cellular telephone and pager systems that use several radio 

telecommunications technologies and optical fibre cable technology supporting 

operating speed of up to 10 terabits per second 

 

(vii) Connecting devices 

 

Connecting devices enable the hardware devices to connect and communicate with 

each other. Lin(2) (2006: 23–24) lists the following devices: 

 

- Ports: Parallel connectors are used to plug a printer into a system 

box; serial connectors are used to connect mice and keyboards; USB 

(universal serial bus) accommodates mice, flash memory cards and 

other expansionary equipment.  

- An expansion bus moves information from the CPU and RAM4 to all 

the other hardware devices. 

- Expansion slots are long narrow sockets on the motherboard into 

which expansion cards may be inserted. 
 

4.2.4.2.2 Software 

 

According to Oz andJones (2008:134), software consists of sets of instructions that 

govern the operation of the computer. Lin(2) (2006:8) maintains that computer 

programs contain the instructions that the hardware executes in order to perform an 

information processing task. Both Oz and Jones (2008:134) and Lin(2) (2006:8) 

agree that there are two basic categories of software, namely, application software 

and system software. 

 

                                                 
4 RAM = Random Access Memory 



202 
 

Application software is used for specific information processing needs, such as 

word processing systems, a payroll system, a customer relationship management 

system or a project management system.  

 

On the other hand, system software controls the way in which the various 

technology tools work together along with the application software. A computer 

operating system, which controls the basic computer operations and manages how 

the hardware devices work together and controls the interactions of the hardware 

devices with the application software, is an example of system software.   
 

4.2.4.2.3 Networks 

 

Oz andJones (2008:183–188) consider networks to be an interconnection of 

computers or devices within a building, a country or the world, in order to enable 

electronic communication and to share data information between members of the 

network. Lin(3) (2006:5) points out that virtually any kind of information and data 

may be stored and retrieved from a central location in the network. In addition, a 

network combines the power and capabilities of diverse equipment providing a 

collaborative environment in which to combine the skills of various people, 

regardless of their physical location. 

 

According to Lin(3) (2006:9) and Parsons and Oja (2012: 248), a network is made 

up of several physical elements, including computers, printers, scanners, and other 

devices. The manner in which the different items are connected is referred to as the 

network topology. According to Parsons and Oja, (2012:250-251) and Lin(3) 

(2006:11)Networks may be arranged in different topologies, for example, bus 

topology, star topology, ring topology, tree topology and wireless topology ī see 

figure 4.3.  

 

Networks are commonly referred to as “area networks”. Different area networks 

may be distinguishedLin(3) (2006:7-8): 

 

- Local Area Network (LAN): connects network devices over an 

extremely short distance. For example, a building may sometimes 
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contain a few small LANs, although a LAN may also sometimes span 

a group of buildings nearby.  

- Wide Area Network (WAN): is a geographically dispersed 

telecommunications network 

- Metropolitan Area Network (MAN): interconnects users in a 

geographic area or region larger than a LAN, but smaller than a WAN 

 

The different configuration of networks is depicted in figure 4.4. 

 

Parsons and Oja (2012:251-252) contend that networks are accessed and 

communicated with in a predefined way, using a protocol. The most popular 

protocols include token ring, Ethernet and fibre distributed data interface. 

Networks also require transmitting and receiving devices, which are commonly 

found in the form of network adapters, modems, repeaters, microwave transmitters, 

infrared laser transmitters, cables, hubs, routers and gateways.  

 

As regards networks, a distinction is often made between client-server networks ī 

versatile, message-based and modular infrastructure based network ī and a peer-to-

peer network which enables a computer to function both as a server or a 

workstation (Lin(3), 2006:35). 

 

The Internet is the world’s largest network. It uses two of the most influential 

technologies, namely, the transmission protocol/Internet protocol (TCP/IP) suite 

and the World Wide Web (www).  
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 Figure 4.3: Network topologies 

Source: Lin(3) (2006:11) 

 

The TCP/IP group of networking protocols is used to connect computers to the 

Internet with TCP providing transport functions and ensuring, inter alia, that the 

amount of data transmitted is the same as the amount received. The IP part of the 

TCP/IP protocol provides addressing and routing mechanisms. The World Wide 

Web is a client-server based environment, in which information is managed 

through websites on servers. Access to the websites is provided through the use of 

client software, such as browsers.   
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Figure 4.4: Types of networks 

Source: Lin(3) (2006:8) 
 

4.2.4.2.4 Database management 

 

A database is an organised representation of facts and information. A database 

may, for example, contain an organised collection of information pertaining to 
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customers. Such a customer database collects the same information from each 

customer, that is, name, postal address, code, telephone number and delivery 

address. Accordingly, such a database is constructed from a constant number of 

columns and an increasing number of rows, each time a new customer is added. 

Databases are one of the most important and invaluable parts of a CBIS (Stair & 

Reynolds, 2011:14). 
 

4.2.4.2.5 Human-to-computer interfaces and information retrieval 

 

The interface technology has changed since the introduction of the World-Wide-

Web. The content of information available from information systems, including the 

Internet, has changed dramatically from a purely structured text or database display 

to content that includes, inter alia, images, statistics, videos, music computer codes, 

real time sensors (Marchionini, 2006:2). In addition, the content of information 

changes frequently and is becoming increasingly more conditional. To this end, 

information retrieval systems should be designed to be closer to the end user in 

terms of the information needed, the required intellectual responsibility and control 

exerted by the user, the span of the lifecycle of the information, the support of 

adjusting informationby the end user and information sharing. 

 

The above list of requirements of interfaces to the computer system, coupled with 

the increasing computer literacy of users, present unique demands to interface 

design. Accordingly, it is essential that designers find ways of closely coupling the 

system backend to the user interface to enable users to interact with information 

rather than with systems(Marchionini, 2006:2-3). 
 

4.2.4.2.6 People 

 

According to O’Brien andMarakas (2006:27), people represent the essential 

ingredient for the successful operation of any CBIS. Information systems personnel 

include all the people who manage, run, program, and maintain the system while 

users are those people who retrieve and use the information from the system in 

order to obtain results. 
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4.2.4.2.7 Procedures 

 

Procedures include the strategies, policies, and rules for using the CBIS. For 

example, some procedures describe when a certain program is to be run, whereas 

others describe who may have access to a certain database to run, and who may 

have access to maintain the database. Other procedures deal with the methods and 

plans to be implemented in the case of disaster and extended system downtime 

(Stair &Reynolds, 2003:17).  

 

4.2.4.3 Information systemsecurity 

 

According to Ayen (2002:3), information security deals specifically with measures 

to ensure the confidentiality, integrity and availability of information system assets, 

including the information and data to be communicated. If these requirements are 

extended to include networks, it becomes necessary both to protect network 

services from unauthorised modification, destruction, and disclosure, as well as to 

provide the assurance that the network is performing its critical functions correctly 

and that there are no harmful side effects to using these network facilities. Ayen 

(2002:6–24) recommends the following security principles and measures: 

 

- Confidentiality 

 

Confidentiality protects against the disclosure of information to 

parties other than the intended recipients. Measures to achieve 

confidentiality include data access control and cryptography. 

Crytography encodes information by using an algorithm and certain 

secret information known only to the originator and the intended 

recipient of the information. 

 

- Integrity 

 

Integrity refers to the receiver of information being able to determine 

that the information received has not been altered in the transmission 

process by anything/anybody other than the originator. Integrity 
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mechanisms often use the same underlying technologies as 

confidentiality schemes, but they usually require additional 

information to be added to the original communication content for the 

integrity check, rather than encoding the information. 

 

- Authentication 

 

Authentication involves establishing the validity of a transmission, 

message, or originator. As such, authentication will allow the receiver 

to have confidence that information that is received originates from a 

specific, known source. Ways of ensuring authentication include the 

use of passwords, digital certificates, digital signatures and 

biometrics. 

 

- Availability 

 

Availability assures that the information and communications services 

will be ready for use when expected by the user. However, it is 

essential that information be available to authorised persons when 

needed. Specific examples of ensuring availability include firewalls, 

intrusion detection mechanisms, anti-virus protection, redundancy 

measures and backups. 

 

- Non-repudiation 

 

Non-repudiation refers to the prevention of later denial that a specific 

action had occurred, or that a particular communication had taken 

place. 

 

Specific measures to ensure non-repudiation include the addition of 

time stamps to communications and the maintenance of log files. 
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4.2.4.4 Conclusion 

 

 Information systems, either manual or computerised, require inputs of 

data/information. These systems then process the inputs to provide the required 

information and produce outputs which may be understood by the user(s). In most 

cases, information systems are of computerised nature, as the human ability to 

store, retrieve and process information is limited in capacity and requires vast 

amounts of time. CBIS are generally controlled by operating software, whereas 

application software generates the required information by accepting specific 

inputs and processing these inputs. 

 

 Information systems may be classified into different types of IS, including 

transaction processing systems, decision support systems, management information 

systems and expert systems. 

 

 Cables or wireless technology interlink several IS to form either local or wide area 

networks. Networks generally provide several users with access to uniform 

information. In addition, networks are able to make optimal use of ancillary 

equipment such as printers and scanners, as well as diverse people skills, 

independent of the physical location of these people. 

 

 However, the operation of networks also requires tight security measures in order 

to protect data from either unauthorised change or erasure. Another important point 

that needs to be considered is facility availability and network maintenance. 

 

 Despite security issues, networks provide a unique and important opportunity of 

connecting different IS, and sharing information, especially within supply chains. 

For this reason, specific management information systems, decision support 

systems and transaction processing systems have entered the field of supply chain 

management with the aim of improving the visibility of supply chain related 

information and, thus, supply chain performance. The information systems utilised 

in SCM, as well as specific supply chain information systems, will be discussed in 

the following sections. 
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4.3 INFORMATION SYSTEMS IN SUPPLY CHAINS 

 

4.3.1 Introduction 

 

The information systems for supply chain management must address the 

fundamental activities in the supply chain, namely, buy – make – move – store – 

sell. 

 

According to Oz andJones (2008:23), each of these activities may be linked to a 

specific module in the supply chain management system. It is as a result of the 

linkage of these activities to different modules and the capability of information 

systems to compute the effects of changes in these activities, that information 

systems allow the modelling of supply chains. The goal of modelling the supply 

chain is to capture the interdependency of the different activities that constitute the 

supply chain and to evaluate the consequences of local decisions on the entire 

supply chain. Govil andProth (2002:22) contend that the evaluation of the 

consequences of local decisions requires both algorithms and event triggers that 

will assist managers in accomplishing this type of evaluation.  

 

Within this framework of supply chain modelling, supply chain information 

systems may assume the form of management information systems, providing the 

necessary information to supply chain managers, or decision support systems, and, 

thus, assisting supply chain managers in making decisions, or expert systems, by 

elaborating on possible scenarios and offering possible routes to solving complex 

problems, or a combination of the above scenarios and decisions. 

 

According to Cuenca (2004:242–243), systems that are able to perform the above-

mentioned tasks have been in development for the past 40 years, since the advent 

of the first computer. From a historical point of view, the first development in 

systematising the information flows about the production process became visible 

when the first, commercially available, materials planning software, termed MRP, 

appeared on the market Cuenca (2004:243–245) further elaborates that the MRP 

systems were soon developed into MRP II software, which was capable, not only 

of material planning, but also updated associated entries in an integrated 
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production system. At the same time, distribution requirements planning (DRP) 

systems were developed on the basis of MRP in order to solve distribution relevant 

issues. 

 

Further software development brought to light enterprise resource planning (ERP) 

systems, which may be installed throughout the entire organisation and which 

include all the fundamental activities as detailed above. ERP systems are set up to 

approximate the actual flows of material through the organisation, including the 

associated financial values. Accordingly, ERP systems attempt to integrate all the 

sub-processes across the entire organisation, in order to provide integrated, 

comprehensive and consistent information, especially event dates, to all the users 

(Cuenca, 2004:243).  

 

In order to achieve real time updating of the ERP systems, the so-called 

manufacturing execution systems (MES) were utilised. MES typically interface 

with manufacturing machinery both to retrieve the occurrence of events, in this 

case, the occurrence of the start and completion of manufacturing processes, and to 

export the times and dates of such events to the ERP systems. MES also report on 

the general activities and states of the manufacturing equipment in real time which, 

in turn, enables managers to reaact in an appropriate manner to certain events.  

 

Later developments in supply chain information systems include advanced 

planning and scheduling systems (APS), which enable organisations to improve 

customer service dramatically and to reduce costs (Van Eck, 2003:1). Other system 

improvements include the development of customer relationship and supplier 

relationship management (CRM & SRM) modules. 

 

Based on the information above, supply chain information systems may be 

represented as depicted in figure 4.5 below. 
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Figure 4.5: A supply chain planning system and software modules based on 

APS. 

Source: Stadtler andKilger (2008:109) 

 

Figure 4.5 clearly depicts all the necessary activities in the supply chain, from 

procurement to demand fulfilment. 

 

In order to gain a better understanding of the nature and evolution of supply chain 

information systems, the different types of modules,as explained above, will now 

be discussed in more detail in the following sections. 

 

4.3.2 Material requirements planning (MRP) systems 

 

MRP, one of the first systems developed in the 1970s, could plan manufacturing 

situations in unlimited capacity models (Li, 2008:9–10). MRP combines the 

explosion of the bill of materials (BOM) with the concept of backward scheduling 

in order to arrive at the latest possible starting time for an order, based on lead 

times. MRP starts at the end item and progresses further down the BOMs by 

subtracting the lead times for each item of a BOM from the end item finish date in 

order to arrive at the latest start date of the manufacture of, or the purchase date 
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of,the lowest level item. The timing and quantities to be ordered for each level of 

BOM depends on the requirements for parts by the parent item. 

 

According to Knod andSchonberger, (2001:464–466), planned order release 

calculations must proceed from the first level to the second level, to the third level, 

and so on. This type of cascading through the levels of the BOMs achieves level-

by-level netting of material requirements. This task is, however, further 

complicated by the fact that the same material may be part of a lower level item, 

but, at the same time, be required by another parent item. Moreover, these same 

materials may be part of other parent items. In total, it is essential that independent 

demand be combined with dependent demand in order to arrive at an overall 

requirement for a specific material. The end items are driven mainly by the master 

production schedule (MPS), which provides the necessary input into MRP. Figure 

4.6 details the inputs and outputs of an MRP system. 

 

Figure 4.6 clearly depicts the open order status, on-hand balances, planning factors, 

independent demands, end item requirement per planning bucket and the product 

structure as mandatory inputs into an MRP system. Running MRP produces 

planned order releases, rescheduling notices and management reports. 

 

However, MRP systems, as described above, are one-way directed efforts. Valid 

material requirements are calculated based on the logic of the parent demand. 

Orders may be released accordingly but, once launched, the planning parameters 

actually encountered may differ significantly from those used to create the 

schedules. In addition, re-scheduling relies on notices, which must still be carried 

out manually and this mayconstitute a sizeable task, taking into account multilevel 

BOMs with hundreds or thousands of materials. Accordingly, MRP systems were 

further developed into distribution requirements planning systems and MRP II 

systems, which extend the logic of MRP further into the distribution requirements, 

in the first case, and also into closed loop manufacturing resource planning 

systems, as discussed in the following sections (Knod & Schonberger, 2001:475). 
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Figure 4.6: MRP system, with inputs and outputs      

Source: Knod andSchonberger (2001:466) 

 

4.3.3 Distribution resource planning (DRP) 

 

A distribution network may consist of several, consecutive inventory points. 

According to Van Eck (2003:10), distribution networks may include a factory, a 

central distribution centre and national sales warehouses. Accordingly, the 

coordination of the different activities (i.e. sales forecast, orders, transport and 

inventories) is essential. By developing the principles of MRP into the realms of 

transportation and distribution planning, DRP systems emerged to handle the 

abovementioned activities. 

 

Van Eck (2003:10) contends that DRP systems are information systems that 

support the co-ordination of distribution networks. The purpose of these systems is 

to record material flows and distribute this information to all points in the 
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distribution network. Thus, DRP enables the coordination of decision making 

between the members of the distribution network. 

 

4.3.4 Manufacturing resource planning (MRPII) systems 

 

According to Gil, Serna & Badenes (2010, 183), MRP II systems are a direct 

extension of MRP I systems. They calculate capacity requirements in addition to 

the material requirements. On the basis of a required production program, MRP II 

back-schedules and back-calculates, from the delivery date, both the material 

requirements and the capacity requirements. This process provides early 

information of possible bottleneck operations or resource constraints in terms of 

machinery, people and material (Gil, Serna & Badenes: 2010, 183). 

 

4.3.5 Enterprise resource planning (ERP) systems 

 

ERP systems constitute an extension of the MRP II system. ERP systems are 

strongly integrated amalgamations of all the necessary functions of an organisation 

and have the capacity to unite all the internal transactions of an organisation 

(Cuenca, 2004:243–244). ERP systems specifically integrate the five most 

important business processes of an organisation, namely, finances, logistics, 

manufacturing, human resources and sales and marketing. Figure 4.7 depicts a 

typical structure of a common ERP system although it excludes human resources 

planning.  
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Figure 4.7: Structure of an ERP system 

Source: Adapted from Taylor (2004:113) 

 

Van Eck (2003:10) argues that ERP should be considered as the backbone of an 

organisation. It enables a company to standardise its information systems by 

providing a streamlined dataflow between the different business processes. ERP 

systems consist of different modules, which provide the necessary graphical user 

interfaces (GUI’s) required for the business process represented by the specific 

module. Depending on the activation of various modules, ERP systems may be 

tailored to the needs of an organisation. Generally, ERP are able to handle tasks 

ranging from manufacturing transaction recording to balancing the books in 

accounting and reporting (Van Eck, 2003:10).  

 

Accordingly, by using integrated ERP systems, it is possible to move the correct 

information to the right people at the right time. Those ERP systems that connect 

directly with the ERP systems of suppliers and customers, thus improving the 

efficiency of the information flow across the boundaries of organisations, are 

clearly especially useful (Cuenca, 2004:246). However, although ERP systems 

have the capacity to calculate capacity requirements, rescheduling is handled 

mainly by rescheduling notices, as is the case in MRP and MRP II systems, which 



217 
 

must be acted upon manually. Relief from the tedious and time-consuming 

reprocessing of rescheduling notices was the basis for the concurrent development 

of the advanced planning system (APS) which, when coupled with ERP systems, is 

able to insert new start and end dates into the production orders and reschedule 

accordingly.  

 

Another shortfall of ERP systems may be found in the updating of information. In 

many cases, information on the status of work done will only be fed back to 

planning personnel long after the event and, thus, updating of the system databases 

will occur only at that time. Clearly, the practice of updating system information 

after the event may not be sufficient in the interests of efficient communication 

with customers and order promising as well as ascertaining product availability. 

Thus, more organisations are deciding to use manufacturing execution systems 

(MES), in addition to APS. MES have the capability of extracting pertinent 

information from the shop floor in real-time and conveying this information in the 

ERP systems. MES are the topic of the following section (Greeff and Ghoshal, 

2004:324-328).    

 

4.3.6 Manufacturing execution systems (MES) 

 

According to Tata Consulting Services (2002:1), manufacturing execution systems 

(MES) were developed to counteract the problems encountered in large 

manufacturing plants. In complex process plants, execution does not always run 

according to plan, no matter how good the plan. These difficulties may be the 

result of forecasting errors, capacity bottlenecks and process inefficiencies. 

However, these difficulties may give rise to a wide information gap, which is 

unacceptable, considering the fact that customers expect the timeous filling of their 

orders at competitive prices. Manufacturing execution systems were, thus, 

developed to bridge this gap. 

 

MES control the operations that enable the realisation of plans and help to close 

any gaps in execution by providing links between shop floor instrumentation, 

control hardware, planning and control systems, process engineering, production 

execution, the sales force and the customers (Tata Consultancy Services, 2002:1). 
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v. Consumer products 

vi. Engineering andconstruction 

vii. Healthcare 

viii. High tech andelectronics 

ix. Higher education andresearch 

x. Insurance 

xi. Media 

xii. Mill products 

xiii. Mining 

xiv. Oil andgas 

xv. Pharmaceuticals 

xvi. Project-oriented manufacturing 

xvii. Public sector 

xviii. Retail 

xix. Service provider 

xx. Telecommunications 

xxi. Utilities 

 

  
 

Figure 4.11: The modules of SAP R/3 

Source: Adapted from Cuenca (2004:268) 
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CHAPTER 5 
BUSINESS AND SUPPLY CHAIN PERFORMANCE MEASUREMENT 

 

 

5.1 INTRODUCTION 

 

Business organisations encounter manifold and ever-changing challenges within 

their business environment. In order to remain competitive, it is essential that 

organisations constantly monitor and, possibly, revise their strategies. These 

strategies include operational, marketing and supply chain strategies.  

 

Specifically, supply chains are gaining prominence over all other business 

processes (Kasi, 2005:1). The supply chain spans many organisational functions 

and multiple organisations (Harrison et al., 2003:63). In an effort to improve both 

production efficiency and product quality, organisations began to examine the 

design and members of the entire supply chain more closely (Baiman, Fischer & 

Rajan, 2001:173). 

 

It is essential that the decisions made with regard to the supply chain should be 

aligned to the overall corporate strategy of theorganisation concerned (Carter, 

Monczka, Ragatz & Jennings, 2009:6; Mohamed, Hui, Rahman & Aziz, 

2008:153). In determining whether the strategic goals of a business have been 

realised, Antic andSekulic (2006:71) contend that organisations use a variety of 

business performance metrics, which are assessed periodically. Beckinsell (2001:5) 

defines a set of strategically important performance metrics as a performance 

measurement system.  

 

Historically, business performance measurement systems were mainly, and often 

solely, financially oriented (Neely, 2003:3). Depending on the chief area of 

concern, it is possible to calculate various financial ratios, including, inter alia, 

current ratio, inventory turnover period and debtors to sales ratio. Neely (2003:6–9) 

maintains that these metrics accentuate different aspects of financial performance. 
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Customer dimension 
Measure Input Data Frequency of 

measurement 

Responsibility Goal Current 

Performance 

Resource 

allocation 

Perfect order fulfilment       

Processing accuracy       

Forecasting accuracy       

Budget accuracy       

Delivery performance       

Customer satisfaction       

Product quality       

Adequacy and 

accuracy of 

information passed 

to/received from 

customer 

      

Business process dimension (incorporating time and asset utilisation) 
Measure Input Data Frequency of 

measurement 

Responsibility Goal Current 

Performance 

Resource 

allocation 

Supply chain response 

time 

      

End-to-end pipeline time       

Order cycle time       

Production flexibility       

Material labour capacity       

Inventory days       

Net asset turns       

Cash-to-cash cycle time       

Capacity utilisation       

Information cycle 

time within 

organisation 

      

Financial dimension 
Measure Input Data Frequency of 

measurement 

Responsibility Goal Current 

Performance 

Resource 

allocation 

Total supply chain cost       

Finished goods inventory 

turns 

      

Total delivered cost       

Cost of excess capacity       

Cost of capacity shortages       

Cost of information 

provision/transfer  

      

Innovation 
Measure Input Data Frequency of Responsibility Goal Current Resource 
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CHAPTER 6 
THE MEASUREMENT OF INFORMATION FLOW EFFICIENCY IN 

THE SUPPLY CHAIN 
 

 

6.1 INTRODUCTION 

 

The importance of information flow efficiency has been widely acknowledged in 

contemporary literature on supply chains. Kottila et al. (2005:2) conducted 

research into the organic food supply chain. They found that the flow of 

information between the members of the supply chain is essential for the 

coordination of other flows, such as product flow and the flow of finances. The 

results of their study revealed that the information flow in the supply chain was 

ineffective, and that the members’ awareness of their individual needs was 

insufficient. These two factors, in turn, resulted in the inefficient performance of 

the organic food chain. Jain (2004:4) contends that information is one of the most 

important assets of an organisation. Consequently, the management of information 

flow becomes a strategic priority. Managing information and its flow entails both 

the implementation of an information strategy and the systematic assessment of the 

information and the associated flows.  

 

Information, however, does not flow freely. Cisco (2005:2) maintains that large 

computer networks, which enable computer-to-computer communication and 

proprietary point-to-point installations, may hamper the flow of information in 

several ways, including a lack of interoperability, limited access to computing and 

communication resources, and the inability of proprietary networks to adapt and 

support modernisation.  

 

However, even in purely personal communication, the flow of information may be 

hindered. Du-Babcock (2003:14–15) asserts that culture and group composition 

have a decisive influence on the communication behaviour in small groups. Other 

factors influencing person-to-person communication and the resultant flow of 

information have been discussed in section 1.2.3.4. 
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CHAPTER 7 
RESEARCH METHODOLOGY 

 

 

7.1 INTRODUCTION 

 

Information and its flow has been the cornerstone of numeroussupply chain models 

(refer to chapter 2). Whilst literature studies (refer to sections 2.2.2 to 2.2.7 and 

2.3.1.5) have identified that a relationship exists between shortcomings in the 

performance of a particular supply chain and the flow of information, no study has, 

as yet, provided metrics with which to assess the flow of information in 

organisations and /or supply chains. In addition, no meaningful method has, as yet, 

been proposed to measure the efficiency of information flow, especially in view of 

the complexity of information, as detailed in chapter 3. 

 

The primary objective of this research, as indicated in chapter 1, is to develop 

indicators and associated metrics of information flow efficiency within supply 

chains. 

 

7.2 PROBLEM STATEMENT 

 

According to numerous writers of supply chain related literature (refer to sections 

2.2.2 to 2.2.7), information flow and the efficiency of information flow play an 

important role in the efficient functioning of supply chains.  

 

As regards the flows of materials, funds and information, as detailed in chapters 2 

and 3, the measurement of the efficiency of these flows of material and funds has 

received the bulk of attention in the literature. However, in order to be able to 

control supply chain performance, it is essential that managers also pay attention to 

the efficiency of information flow and, thus, they require an instrument for 

measuring the efficiency of the information flow. However, as discussed in 

chapters 4, 5 and 6, there is a dearth of measurements for information flow 

efficiency. However, the measurement of information flow efficiency will aid the 

assessment of supply chain performance and assist in providing realistic 
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CHAPTER 8 
RESEARCH RESULTS AND CONCLUSIONS 

 

 

8.1 INTRODUCTION 

 

This research attempted to identify indicators and associated metrics of information 

flow efficiency.  

 

The aim of the first part of the empirical study was to identify and select indicators 

and associated metrics that may be applied to measure information flow efficiency. 

The second part of the empirical study involved testing the indicators and 

associated metrics in a case study in selected organisations in a particular supply 

chain, in an attempt to measure information flow efficiency.  

 

Sections 8.2.2 to 8.2.6 present the results of the survey, which was designed to 

evaluate the general characteristics of information and information flow. The 

evaluation was carried out by ascertaining the opinions of company leaders in a 

specific telecommunications cable manufacturing supply chain in South Africa, in 

this regard. The survey was aimed at determining both the ranking in importance of 

a selected list of indicators and metrics for information flow efficiency, as well as 

the informational integration of organisations and the general use of integration-

promoting information technology. 

 

Section 8.3 presents the results of the actual testing of the indicators and metrics.  

 

8.2 SURVEY RESULTS  

 

8.2.1 Introduction to survey results discussion 

 

The survey instrument was structured in the form of a questionnaire which aimed 

both at providing evidence of the information integration both within organisations 

and within supply chains, and at ascertaining opinions regarding the importance of 

information and information flow characteristics. The findings enabled the 
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Maintenance”, “Project Management”, “CRM”, “ATP” and others are used by less 

than 25% of the respondents. 

 

 
Figure 8.18: Modules of ERP, APS, MES systems in use 

 

Question 36 enquired about the use of technology that is able to automate 

transactions, for example,bar-coding and radio frequency identification (RFID). As 

illustrated in figure 8.19, 44% of respondents employ bar-coding technology, while 

3% only utilise RFID, while 56% of all the respondents do not make any use of 

such technology. 
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8.3.5.7.2 “Information/data must be useful to all users, from a strategic to an operational level” 

 

The second retained metric considered “Information/data must be useful to all 

users, from a strategic to an operational level”.This metric was concerned 

specifically with the usefulness of data to the different organisational levels within 

the organisation. Some systems may be regarded as more efficient on the 

operational level by their dealing efficiently with transactional data, while other 

systems may provide key performance indicators for the different functions of 

anorganisation. Some systems are also able to provide data and information for 

strategic decision making, without the need to download the data into a spreadsheet 

system in order to perform further calculations to arrive at business trends and 

other strategically important information. If a system wasequally strong on all 

levels it was awarded 100%, while selective usability and the necessity of 

additional work in order to render the information useful were awarded 0%. 

 

8.3.6 Measurement results 

 

The 22 metrics associated with the seven indicators retained were assessed in the 

organisations as detailed above and described in section 7.5. The results are 

presented in table 8.8. 

The organisations are shown in the top row and are numbered from 1 to 25. The 

“underscorenumber” additions to some of the company numbers provide an 

indication of the number of interviews conducted at the particular company. Thus, 

where there are no additions, one interview only took place. 

 

The bottom row depicts the averages of figures in each of the columns. As shown 

in table 8.8, the individual and average results of the information flow efficiency 

metrics assessed vary both between and within organisations. In particular, the fact 

that the scores vary within organisations provides evidence of the fact that the 

experts in eachcompany assessed the metrics in different ways. It is, therefore, 

possible that the results of single interviews may be skewed to indicate either a 

better or a worse performance, depending on the opinion of the experts. It, thus, 

appears sensible to insist on more than one interview per organisation in order to 
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achieve more balanced assessments of each metric. However, it was not possible to 

interview more than one respondent in all the organisations. In total, 17 

organisations had one person available only, fourorganisations had two persons 

available, threeorganisations had three persons available and one company had four 

persons available for interview. 
 

Therefore, in the cases in which more than one interview was conducted, the scores 

obtained for each metric were averaged. The results are presented in table 8.9. 

Table 8.9 also depicts the individual averages for each indicator, summarised in the 

“Average”row for each indicator, the combined total averages of all the metrics for 

each company, displayed in the “Averages 1”row, and the combined averages of 

all metrics,for each company, excluding the metrics of the indicators “Timeliness” 

and “Consistency”, presented in the “Averages 2”row. 
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Table 8.8: Results of the measurements of information flow efficiency 
 
 
 

Indicator Company 1_1 1_2 1_3 2_1 2_2 3_1 3_2 4 5 6_1 6_2 7 8 9 10 11 12_1 12_2 12_3 13_1 13_2 13_3 14 15 16 17 18 19_1 19_2 20 21 22 23 24 25_1 25_2 25_3 25_4 

 Metric Scores 
Accessibility Access to information 75 60 40 50 80 100 80 85 60 100 100 85 65 95 65 90 50 80 90 95 95 80 60 85 45 70 90 70 75 75 70 65 80 95 50 70 70 75 

 User friendly access screens 100 85 60 80 60 100 60 50 60 80 100 75 50 80 60 50 100 100 100 100 80 80 80 50 40 50 95 60 90 95 65 50 70 95 20 60 80 65 
Consistency Comparability 70 50 40 50 90 70 90 90 90 100 90 97 30 100 75 90 100 90 100 90 95 80 60 90 80 25 90 80 95 80 45 95 50 100 50 75 80 70 

 Enterprise-wide communication of 
changes 

50 40 60 50 90 100 50 50 90 100 100 100 80 100 100 80 50 85 95 85 60 90 40 85 75 75 90 85 70 70 100 70 90 80 40 50 50 50 

 Clearly defined process of info 
provision 

90 90 100 70 100 100 90 100 50 100 100 100 100 90 94 100 100 95 100 95 95 95 80 90 75 30 80 85 70 80 100 60 90 90 60 40 30 55 

Timeliness Time taken to retrieve data 60 60 70 80 100 100 85 100 75 100 100 90 90 100 70 95 100 95 100 90 100 80 75 90 75 40 90 85 80 85 65 80 80 80 80 80 50 65 

 On-time provision of data 50 40 50 100 80 50 78 90 50 48 100 60 50 90 90 70 90 75 90 83.3 80 90 80 75 80 50 85 25 80 60 70 85 60 85 50 40 50 60 

 Time difference between receipt and 
responding 

65 60 50 25 75 60 50 80 75 25 100 95 50 25 70 75 85 85 100 85 90 80 80 95 60 70 75 40 75 50 85 70 100 95 50 70 80 50 

 Reporting of late or missing data 60 80 50 50 50 60 90 75 50 80 0 85 60 90 70 90 60 85 85 85 85 80 10 50 80 50 80 60 60 75 90 95 70 0 50 70 60 40 

Relevance Meeting needs of data presentation 100 80 75 80 100 80 75 80 100 100 100 100 70 100 80 100 100 100 95 100 95 75 50 85 70 60 100 75 70 80 90 75 90 100 60 60 70 70 

 Ability of content to adjust to future 
needs 

85 60 70 100 85 50 25 95 100 100 100 100 50 100 90 70 95 92 90 80 50 80 100 100 90 90 95 35 70 90 90 80 80 100 60 90 90 70 

 Consideration of information 
priorities 

90 85 70 85 100 0 100 100 50 100 100 100 80 100 100 90 100 100 100 100 100 90 90 95 50 75 100 65 80 70 85 90 80 100 90 80 80 50 

Accuracy Correctness 50 60 95 100 90 50 85 95 100 99 87 98 95 95 90 85 95 80 95 98 95 90 95 100 75 80 95 95 70 85 80 100 70 90 90 75 80 80 

 Control of information consistency 60 60 60 100 100 75 100 75 90 50 0 95 90 100 94 100 100 100 90 90 95 90 75 95 80 40 95 70 75 100 100 95 60 80 10 60 40 70 

 No of corrections required 50 60 95 100 90 50 15 95 100 95 87 98 95 95 95 85 95 80 95 98 95 90 95 95 75 80 95 95 70 85 80 95 70 90 10 75 80 80 
 Treatment of erroneous data 90 80 60 100 85 70 100 75 80 80 90 97 70 80 85 100 65 95 95 85 95 90 80 95 65 80 90 90 75 80 75 90 70 70 50 95 70 65 
 Specified accuracy levels for info 100 90 60 60 55 70 85 100 100 50 100 100 90 95 75 90 85 100 100 100 80 95 80 95 65 65 100 90 90 90 80 60 80 100 30 85 70 40 

Security Protection from unauthorised access 40 40 70 90 90 100 100 95 30 50 75 100 50 50 95 100 100 94 85 100 95 95 65 75 85 25 100 65 70 95 90 95 70 90 70 90 60 50 

 Protection from unauthorised 
change 

40 40 70 90 90 100 100 95 30 50 80 100 50 50 100 100 100 94 85 100 95 100 65 70 85 25 100 65 70 95 90 95 70 90 70 90 60 50 

 Regular backups 80 100 90 100 100 100 95 100 30 100 100 100 100 30 100 100 100 92 85 95 95 100 90 95 90 90 100 65 70 95 100 95 60 90 70 90 70 60 
Usefulness Usefulness to user 90 80 85 80 100 80 100 90 100 80 100 95 80 100 80 100 100 100 100 100 95 90 80 95 60 60 100 85 65 70 80 80 80 100 80 80 70 70 
 Usefulness of data to all users from 

strategic to operational level 
60 80 70 80 60 100 100 95 70 95 100 75 70 100 75 75 50 70 85 80 80 80 100 70 75 45 100 60 70 80 60 70 70 90 80 66.5 60 65 

Averages  70.7 67.3 67.7 78.2 85.0 75.7 79.7 86.8 71.8 81.0 86.8 93.0 71.1 84.8 84.2 88.0 87.3 90.3 93.6 92.5 88.4 87.3 74.1 85.2 71.6 58.0 93.0 70.2 74.5 81.1 81.4 81.4 74.5 86.8 55.5 72.3 65.9 61.4 
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APPENDIX 3: INTERVIEW QUESTION GUIDE 
 
 

Company:__________________________    
 
Position:___________________________ 
 
Name:__________________________________ 
 
Measure Variable Percentage Unit 
Accessibility Access to information  % 

User friendly access screens  % 
Consistency Comparability  % 

Enterprise wide communication 
of changes 

 % 

Clearly defined process of 
information provision 

 % 

Timeliness Time taken to retrieve data (real-
time) 

 % 

On-time provision of data  % 
Time difference between receipt 
and responding 

 min 
% 

Reporting of late or missing data  % 
Relevance Meeting needs of data 

presentation 
 % 

Ability to adjust for future needs  % 
Consideration of information 
priorities 

 % 

Accuracy Correctness  % 
Control of information 
consistency 

 % 

No of correction required  % 
Treatment of erroneous data  % 
Specified accuracy levels for 
information 

 % 

Security Protection from unauthorised 
access 

 % 

Protection from unauthorised 
change 

 % 

Regular backups  % 
Usefulness Usefulness to the user  % 

Usefulness of data to all users 
from strategic to operational 
level 

 % 
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