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Abstract 

Given the significance of maintenance in today's operating environment, excelience in 

maintenance performance becomes a strategic issue of capital intensive organizations. Managing 

for excellence needs effective measurement of performance. Whilst organizationd performance 

measurement in general has been discussed extensively in the literature, few of these discussions 

focus specifically on the maintenance function. The overall objective of this research project is to 

study the role measurement can play in managing maintenance performance. In the initial phase 

of the inquiry, eight maintenance organizations in Hong Kong and Canada were visited and 

interviews were conducted during these visits. Findings from such field work indicate that 

maintenance organizations seldom measure their performance using a balanced set of indicators, 

or regard performance measurement as a strategic management tool. An approach that involves 

the use of strategy driven balanced scorecards has k e n  proposed to enhance effectiveness of 

maintenance performance management. 

Given its novelty. the proposed approach had to be put into practice to validate its efficacy. 
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Two maintenance organizations were involved as collaborating parties in an action research to 

study the application of bdanced scorecards as the tool for managing maintenance performance. 

Observations fiom the action research indicate that the initial balanced scorecards developed by 

maintenance organizations are typically machuiecentric, rich in outcome measures but poor in 

performance drivers, with weak linkage between scorecard measures and the espoused strategy of 

the maintenance organization. The tools for the design and deployrnent of the maintenance 

scorecards, and those for the presentation and analysis of scorecard results were identified and 

field tested. Conditions conducive to successhl applications of bdanced scorecards in 

maintenance organizations are found to include: existence of a participative and social process, 

widespread understanding of the balanced scorecard concept, the maintenance strategy is widely 

comrnunicated, the momentum of change is sustained, and the support infiastructure is in tune 

with the espoused strategy. Two propositions are derived fioni the results of the action research 

viz: 

Proposition 1 - Maintenance performance management is emphaFized in organimtions 

where maintenance is regarded as an investment. an integral part of asset management. and 

where managers have a holistic but no1 machine-centric mincl-set. 

Proposition 2 - Managers with a good understanding of the batanced scorecard concept 

will be able to use the balanced scorecard to inform people of the k y  resulr areas and show 

thern how exemplary maintenance performance in rhese areas can be achieved. 

The five-step fhnework proposed in this study provides the road-map for applying balanced 

scorecards in managing maintenance performance. The design of the maintenance system that 

wil l  fit in the specific operating environment can be guided by the soci-technical system-based 

framework suggested in this thesis. 
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Introduction 

1.1 Challenges of Maintenance 

Intense cornpetition on the supply side and heightened volatility in customer requirements on the 

demand side are the charactenstics of the current business environment. Co&onted with such 

reaiity, organizations are under great pressure to enhance their capability to create value to customers 

and improve the cost effectiveness of their operations on a continuous basis. Maintenance, k i n g  an 

important support fûnction in businesses with significant investments in plants and machinery, plays 

an important role in meeting this taIl order. It has been found that in the UK manufacturing industry, 

maintenance spending is between 12 to 23 per cent of the total factory operating costs (Cross 1 988). 

In refineries, the maintenance and operations deparhnents are often the Jargest and each may 

comprise about 30% of total staffhg (Dekker 1996). Acquiring the right mix of physical assets and 

making the best use of those already in place to meet business needs are the ways maintenance can 

contribute to improve competitiveness of capital intensive organizations. 

The performance demanded of maintenance has been made much more chailenging by the 

following developments in the contemporary business environment: 

(1) Emerging trends of operation strategies. 

The conventional wisdom embracing the concept of "economy of scale" is losing followers. 

An increasing number of organizations have switched to "lean manufacturing", "just-in-tirne 

production" and "six-sigma programs". These trends highlight a shifi of emphasis fiom 

volume to quick response, elimination of waste, and defect prevention. With the eIimination 

of buffers in such demanding environments, breakdowns, speed loss and erratic process yields 

\vil1 create immediate problem to the timely supply of products and services to customers. 

Obviously, instailing the right equipment and facilities, optirnising the maintenance of these 
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assets, and effective deploy ment of manpower to perform the maintenance activities are 

crucial factors to support these emerging trends of operation strategies. 

(2) Toughening societal expectations 

There is widespread acceptance ofthe need to protect the environment and safeguard people's 

safety and health, especially in the developed countries. As a result, a wide range of 

regulations have been enacted in these countries to control industrial pollution and prevent 

accidents in the workplace. Scrap, defects, and inefficient use of materials and energy are 

sources of pollution. They are ofien the resuit of operating plant and facilities under less than 

optimal conditions. Machine breakdowns interrupt production. In chernical production 

processes, a common cause of pollution is the waste material produced during the start-up 

period after production interruptions. Apart h m  producing waste material, catastrophic 

failures of operating plant and machinery are also the major cause of industrial accidents and 

heaith hazards. Keeping facilities in optimd condition and preventing fdures are an effective 

means to meet the ever more demanding societal challenge of pollution control and accident 

prevention. These are the core iûnctions of maintenance. 

(3) Technological changes 

Technology has always been a major driver of change in diverse fields. It has also changed 

at a breathtaking rate in recent decades, with no signs of slowing down in the foreseeable 

future. Maintenance is no exception in being under the influence of rapid technological 

changes. Non-destructive testing, transducers, vibration measurement, thermography, 

ferrography, and spectroscopy make it possible to perform non-intrusive inspection. I3y 

applying these technologies, the condition of an equipment c m  be monitored continuously 

or intennittently while it is in operation. This gave birth to condition-based maintenance, an 

alternative to the classical time driven approach to preventive maintenance (Tsang 1995). 



Power electronics, programmable logic controllers (PLCs), computer controls, transponders, 

and telecommunications systems are increasingly king introduced to substitute electro- 

mechanical systems. They offer the benefits of improved reliability, flexibility, compactness, 

light weight, or low cost, Fly-by-wire technology, utilizing sofhvare controlled electronic 

systems, has become a design standard for the curent generation of aircraft. Flexible 

manufacturing cells and computer in tepted  manufacturing systems are gaining acceptance 

in the manufacturing industry. Contactless smartcards (CSC) are being introduced in public 

transport services as a convenient means of fare collection. The CSC project involves the 

creation of a network of computer systems, specialized CSC devices, control processors and 

communications processes, for a consortium of transport service providers. In the electric 

utility indusûy, automation systems are k i n g  instalted to enable faults in the transmission and 

distribution network to be identifîed and dealt with remotely. 

î h e  deployment of these new technotogies is instrumental to enhancing system availability, 

improving cost effectiveness of operations, and delivering better or innovative services to 

customers. At the same time, the move also presents new challenges to maintenance. New 

knowledge has to be acquired to specify and design the new systems taking advantage of these 

emerging technologies. New capability has to be developed to commission, operate and 

maintain such new systerns. During the phase-in period, interfacing old and new plant and 

equipment is another challenge to be handled by maintenance. 

Changes in the people and organizational systems 

The doctrine that focuses primarily on eficiency in industrial management worked well to 

produce exemplary performance in past eras when the business environment was highly 

stable. Companies were busy producing standard goods and sexvices to satisG the insatiable 

demand of their customers. and these companies were protected fkom the onslaught of  outside 



cornpetition through regdation or imposition of trade barriers in their home market. Product 

life cycle was long due to slow technological change and tolerance of accepting customers 

who would take whatever was available on the market. On the human dimension, people 

perceived work merely as a means to earning a living. Al1 these have changed in today 's 

turbulent environment. People at work - the individuals who make things happen in 

organizations - have undergone significant transformation. 

There is a growing body of knowledge about people at work, about organizations, and about 

management with new attitudes towards work. In an affluent society, people have a desire to 

improve the quality of life at work. Furthemore, the social and demographic changes that 

have taken place in the current era affect how we regard and define work. Some examples of 

these changes are: 

O Pressures for equal treatrnent of women and minonties. 

a Improvements in education. 

a More faith in the ability of individuals to manage themselves. 

O Challenges to authority and a growing psychology of entitlement. 

a With rampant downsizings and restmcturings, people have reduced loyalties to single 

organizations and increased loyalties to professions. 

In face of the new reality, progressive organizations are exploring new directions in their 

Iabour-management agreements. This leads to the appearance of a varïety of innovative and 

highly successful organizational forms, such as horizontal structures, network organizations, 

self-managing work teams, virtual organizations, strategic alliances. Some of these could be 

the appropriate options for meeting today's challenge of providing excellent maintenance 

services to organizations. 



1.2 Management of Maintenance Performance 

Given the significance of maintenance in today's operating environment, excellence in 

maintenance performance becomes a strategic issue of capital intensive organizations. Managing for 

excellence needs effective measurement of performance, which forms the ba is  of evaluation and 

decision making. Organizational performance measurement in general has been discussed 

extensively in the literature. Howrever, few of these discussions focus specifically on the maintenance 

function. Among those few that have such focus, performance measurement is regarded only as a 

tool to support operational control of maintenance operations. The extent to which the role of 

measurement can be expanded in managing maintenance performance is a research topic yet to be 

explored. The overall objective of this research project is to study this issue and develop a 

framework for maintenance performance management in capital intensive organizations. it attempts 

to address the following specific problems in the domain of this study : 

Application of the balanced scorecard as a measurement tool for rnanaging maintenance 

performance. 

IdentiQing tools for planning and review of maintenance performance. 

The critical success factors and barriers to successfd implementation of effective 

maintenance performance management systems. 

Using the socio-technical systems (STS) approach to identifi the type of performance 

management system for maintenance organizations. 

Formuiation of a framework for managing performance of world class maintenance 

organizations. Issues essentid for achieving aiignrnent in the organization, such as strategy 

formulation and deployment, linking the performance measurement system to the espoused 

strategy, providing communication channels, reviewing achievements, and establishing 

regdatory mechanisms will be addressed in the h e w o r k .  



Managing maintenance performance with a strategic perspective is a pioneering endeavour. At the 

time when this research project commenced, no maintenance organization was known to have 

adopted this innovative approach to managing its performance. There was a need then, and it still 

exists today, to promote the new concept and its underlying theory to managers and maintenance 

professionals in industry. Executive development prograrns and conference presentations delivered 

by the researcher were used as vehicles to raise the awareness of the unorthodox concept. 

Subsequently, bvo major organizations in Hong Kong were sufficiently convinced of the theoreticai 

merits of the ideas and agreed to be collaborating partriers in this research project. Being an 

exploratory study into possibly an emerging management phenomenon, the action research 

rnethodology was adopted in that part of the inquiry that focused on the implementation of the new 

performance management system. The researcher played the dual roles of adviser and observer in 

the transformation process in these organizations. 

The claims of originality in this research are: 

Investigation into an innovative approach to managing maintenance performance. 

Being instrumental in transforming the maintenance performance management systems in the 

collaborating organizations. 

Applying the action research methodology in industrial settings to study an embryonic 

management phenomenon. 

f.3 Structure of the Thesis 

In Chapter 1, the characteristics of contemporary business environment producing significant 

impacts on maintenance are discussed. They highlight the strategic importance of the iùnction in 

organizations with significant investment in capital facilities, and establish the need to review the 

traditional approach to maintenance performance management. The overall objective and speci fic 



focus of the research project, as well as the originality elements of the inquiry are delineated. 

Chapter 2 is a comprehensive review of  the relevant literature. First, the maintenance funccion is 

defined. This is followed by an examination of the theory of measuring organizational performance 

in general and maintenance performance in particular. The pitfalls of utilizing commody used 

maintenance performance indicators are also reviewed. Various approaches to establishing 

maintenance performance measures required for effective decisions in today's turbulent business 

environment are then discussed. A holistic approach to performance measurement featuring strategic 

perspectives is identified to have much potentiai for application in managing the maintenance 

fùnction. It is the theory underpinning the Balanced Scorecard (BSC), which can form the centre- 

piece of a performance management system. At the end of the chapter, recommendations for a 

research agenda are made for applying the BSC in managing maintenance performance. Some of 

these agenda items are k i n g  addressed in this research. 

The Balanced Scorecard for maintenance performance is driven by the organization's maintenance 

strategy, which may Vary fiom one organization to another. The various dimensions of maintenance 

strategy are therefore discussed in Chapter 3. These include: service delivery options, organization 

and work structure, maintenance methodology, and support systems. The key elements involved in 

organizational transformation processes are also examined. 

The three-phase researc h methodology adopted in this project is descri bed in Chapter 4. It features 

the case study approach because maintenance organizations that have taken the pioneering step of 

using Balanced Scorecards to manage their performance were non-existent at the beginning of the 

study. Two collaborating organizations were subsequently recruited as test sites for introducing such 

change. Field visits, interviews, anaiysis o f  company documents, and the action research method 

were employed for data collection. 

AnaIysis of data is presented in Chapters 5 to 7. This includes findings fiom field visits to eight 



maintenance organizations in Hong Kong and Canada conducted in the f i a t  phase of the study 

(Chapter 5). They provide information about common practices of maintenance performance 

management. The results obtained fiom a questionnaire survey on the typical profile of performance 

measures currently used in Hong Kong based companies, and other charactenstics of the current 

performance management practices in these companies are reported in Chapter 6. Next, observations 

obtained frorn the action research in the two collaborating organhtions are discussed in Chapter 7. 

While the two host organizations are at different stages of the change process, the findings obtained 

from these two organizations are complementary -one provides data for the front end of the change 

process, the other provides data for the back end. 

Generalization fiom findings of this study is the subject of Chapter 8. Finally, major contributions 

of the research, limitations of the inquiry, and suggestions for fbrther studies are addressed in the 

concluding chapter (Chapter 9). 



2. Literature Review 

2.1. Introduction 

Maintenance is typicaily regarded as a necessary evil, an expense account which is a popular 

target for cost reduction programs. Hence, the measurement of maintenance performance tends to 

focus on tracking direct costs or its surrogates, such as the head count of the maintenance unit, total 

duration of forced outages during a specified period. etc. As organizations are increasing their 

i nvestmen t in capi ta1 intensive equipment, the performance of maintenance operations bas become 

a major management issue. 

The first part of this Chapter will define the maintenance fùnction. It is followed by a review o f  

the theory and practice of mesuring organizational performance in general and maintenance 

performance in particular. The pitfdls of utilizing the commonly used maintenance performance 

i ndicators are also examined. In the subsequent section, various approaches to establishing 

maintenance performance mesures that would lead to effective decisions in today's turbulent and 

highly cornpetitive environment are discussed. These approaches include the usage of a single 

measure, multiple measures and system audits for performance evduation. Also presented is a 

method for comparing the operational effkiencies of multiple maintenance organizations. In the 

concluding section, recornmendations for a research agenda are made for applying a holistic 

approach to maintenance performance measurement. 

2.2. The Maintenance Function 

Before something can be measured, it must be defined. The traditional perception of 

maintenance's role is to fix broken items. Taking such a narrow view, maintenance activities will 

be confined to the reactive ta& of repair actions or item replacement. Thus, this approach is known 



as reactive maintenance, breakdown maintenance, or corrective maintenance. A more recent view 

of maintenance is defhed by Geraerds (1985) as: "Ail activities aimed ut keeping an item in, or 

restoring it to, the physical state considered necessary for thefiI$lment of iis production firnction." 

A similar definition of maintenance is given in BS38 1 1 (BSI 1993). Obviously, the scope of this 

eniarged view also includes the proactive tasks such as routine servicing and periodic inspection, 

preventive replacement, and condition-monitoring. Depending on the deployment of responsibilities 

within the organization, these maintenance tasks may be shared by severai departments. For instance, 

in an organization practising Total Productive Maintenance (TPM) (Nakajima 1988), the routine 

servicing and periodic inspection of equi pment are handled b y the operating personnel, whereas 

overhauls and major repairs are done by the maintenance department. If the strategic dimension of 

maintenance is also taken into account, it should cover those decisions taken to shape the future 

maintenance requirements of the organization. Equipment replacement decisions and design 

modifications to enhance equipment reliability and maintainability are examples of these activities. 

The Maintenance Engineering Society of Australia (MESA) recognizes this broader perspective of 

maintenance and defines the fiuiction as: "The engineering decisions and associated actions 

necessary and smcient for the optimization of speczfied capabiIity." 'Capability' in this definition 

is the ability to perform a specific action withùi a range of performance levels. The characteristics 

of capability include hc t ion ,  capacity, rate, quality, responsiveness and degradation. The scope of 

maintenance management, therefore. should cover every stage in the life cycle of technical systems 

(plant, machinery, equipment and facilities): specification, acquisition, planning, operation, 

performance evaluation, improvement, and disposal (Murray et al. 1996). When perceived in this 

wider context, the maintenance fûnction is also known as physical asset management. 







Fig. 2.1 shows the EUT-maintenance mode1 developed at Eindhoven University of Technology, 

the Netherlands (Geraerds 1 990) which provides a conceptuaiisation of the processes involved 'in the 

maintenance function Its main focus is on meeting the maintenance needs of technical sysfems 

already in place. This is achieved by utilising intemai maintenance capacity and extemai services, 

with the support of spare parts inventory management and performance measurement. There are two 

cycles of management processes embedded in the maintenance function. The fmt cycle consists of 

the managerial processes of fomulating maintenance policies, establishing objectives, planning, 

auditing, and measuring performance îhat apply to the entire fhction. The issues adâresseâ in the 

planning process include organizational structure, s f f i g ,  resource allocation, action plans, etc. The 

second cycle is concerned with technical planning and operation of maintenance activities for 

individual technical systems. These involve the selection of maintenance regimes (reactive, 

preventive, condition-based, TPM, etc.), planning and optimization of maintenance decisions, 

scheduling and execution of work. The cycle is closed by providing feedback through capturing and 

analysis of performance data (see Fig. 2.2, Coetzee 1997). 

2.3. The Theory of Performance Measurement 

Neely, Gregory and Platts (1 995) provide a comprehensive literature review of performance 

measurement that addresses two distinct aspects, namely levels and concepts. They examine 

performance rneasurement at three different levels: (a) the individuai performance measures, (b) the 

performance measurement system (PMS), and (c) the relationship between the PMS and its 

environment. Three of the key concepts identified in the review are: 

(1) Performance meanires can be classified in a number of ways according to their perspective, 

namely financial and non-financiai measures, outcome measures and performance drivers, 

internai and extemal measures. Another classification, suggested subsequently by Kaplan and 



Norton (1 996b), is linked to the level of focus of the measures: diagnostic meamres are u x d  

to monitor and control day-to-&y operations and strategic measures, on the other han& are 

selected to infiorm the stakeholders of the organization's strategic intent and the progress that 

has been made in achieving it. 

(2)  Performance measures need to be positioned in a strategic context, as they influence what 

people do. Peters and Waterman (1 982) expiain this succhctly - "Wrat gets measuredgets 

done." The pattern of decisions and action within an organization defmes the strategy in 

practice. Thus, performance measurement should not be considered purely as a rneans to 

provide infunnation for management control and decision making; it can also serve as a 

powerful motivational tool driving decisions and action that are consistent with the espoused 

strategy . 

( 3 )  The PMS does not exist in isolation. The effectiveness of the PMS in shaping behaviour 

depends on the support of a matching organîzational hfhstructure relating to issues such as 

resource allocation, work stnicturing, management information, reward and recognition in 

addition to technical or operational activities such as maintenance operations. For example, 

there is a need to link performance measurement to reward systems because, as H a m e r  and 

Stanton (1995) state, ''i%e way to people's hearts and rninds is nut through their ears but 

through their wallets." As such, work in the organization shouid be structured to achieve joint 

optimization of the social and technical subsystems, or at least a good fit between them, and 

there is choice in developing such organizational designs (Gerwin and Kolodny 1992). The 

organization in which the PMS is embedded must also be understood as an open system that 

is in continuous interaction with its environment. When that environment is turbulent, 

organization designs must repeatedly change to best adapt to the uncertainty of the 

environment. This perspective is referred to as a Sociotechnical Systems (STS) approach. 

D:WOOTHESISV Likntum ~cvitw.wpd 2-6 January 2000 



If performance measures are to trigger effective beneficial change, they have to fulfi11 two 

conditions. First, they should relate to what is controllable by the unit to be evaluated. Sécond, 

favourable results on these measures will contribute to specific Business Success Factors. The-level 

of analysis (for instance, organization versus the maintenance department), and the agreed sphere 

of influence of the fiinction being measured, \vil1 significantly influence the measures used. If 

average equipment life is used as a mesure of performance, maintenance must have an input in 

equiprnent purchase decisions. When the lost time for repair is monitored, the orgaaization k ing  

rnrasured should have jurisdiction over st&g decisions and stocking of spare parts (Dwight 1994). 

The widely used performance measures were developed on the premises of the scientific 

management movement pioneered by Frederick Taylor about a century ago, a period when demand 

far exceeded supply, the operating environment was very stable, and labour intensive operations 

were the nom. The conventional wisdom of management evolved fkom such a background is 

characterised by a preoccupation with maxirnizing the utilization of resources. T ' u s ,  in assessing 

maintenance performance, various eficiency indicators (equipment availability and labour 

utilization, etc.) and financial measures (such as repair and preventive maintenance costs) are 

routinely tracked. 

Assessrnents in terms of financial rneasures are typicdly perfomed through variance analysis, 

which breaks a variance down into its constituent parts such as pnce variance and usage variance to 

determine the causes of the discrepancy. It has been s h o w  that variance analysis is dysfùnctionai 

to global optimization because it focuses on minimization of within-department costs (Kaplan 1990). 

Here are mro likely scenarios in an industrial organization: 

( 1 ) The Purchasing Department, which is evaluated on price variance, makes purchase decisions 

on the basis ofprice. Parts and services canying the lowest price tag are selected even though 

the parts may have an iderior quality (a higher failure rate) or the services are seldom 



completed on schedule. The consequence of such decisions will show up as unfavourable 

usage variance in departments such as Maintenance and Production where these items or 

services are consumed. 

The Maintenance unit is reluctant to introduce condition based maintenance even though it will 

prevent unplanned outages due to machine breakdowns, a major benefit manifested in the 

Production Department. The resistance exists because when compared to the "do nothing" 

option embodied in the standard cost, it will give rise to unfavourable usage variance in the 

cost of planned maintenance, an indicator comrnonly used to measure maintenance 

performance. 

Furthemore, the notion of comparing the actual cost to a 'static' standard cost in variance analysis 

is incompatible with the philosophy of continuous improvement. Trends as well as deviations fiom 

the 'standard' should be tracked to motivate favourable change as an on-going process. If a 

'standard' is to be established, it should be based on the best-in-class benchmark instead of the 

organization' s historical performance level. 

Apart from the above problems relating to variance anaiysis, Kaplan (1 989) also points out that 

the 'nurnbers' produced by traditional management accounting systems are: 

(a) too aggregate to provide relevant information for operationai control, 

(b) available too late for corrective action to be taken, and 

(c) too distorted by the standard overhead absorption method. 

Whiist these traditional accounting systems are at best adequate for tracking costs associated with 

the consumption of raw materials and labour that go into a product, the overhead absorption 

procedure allocates costs to al1 items produced during a reporting period so that these expenses can 

be split betsveen products sold and products stili on hand. Product unit costs are established by 

recovering total periodic expenses fiom the total output of the period. With this orientation, ail 



expenses associated with support firnctions such as engineering, logistics, and maintenance are 

classified under the category of overhead costs, which are subsequently allocated to a pioduct 

according to the direct labour content or machine hours used in its production. This way, the 

overhead cost of products c m  be seriously distorted. Consider two different processes that have been 

used to manufacture a given product: Process 1 uses a flexible manufachiring ce11 (FMC) which 

requires fiequent preventive maintenance, and Process II uses general pwpose machines requiring 

minimal maintenance. Under the absorption method, most of the maintenance expenses will be 

allocated to the output of Process II even though the lion's share of these expenses are actually 

consurned by the output of Process 1. A decision to phase out Process II by installing another FMC 

will not reduce unit maintenance cost as expected fiom the costing information. To the contrary, the 

unit maintenance cost will have a significant increase afier the change! This should not be interpreted 

as a deterioration of maintenance performance. The accounting system is at fault. 

Recognizing the flaws of the standard management accounting systems in today's business 

environment, Kaplan (1 988) proposes that activity-based costing (ABC) systems should be adopted. 

He also advocates the use of frequent non-financial rneasurements for more effective shop-floor 

control. The ABC approach does not differentiate between direct and overhead costs. It is a 

resource consumption mode1 in which cost objects, such as machines requiring maintenance 

sewices, consume activities that in turn consume resowces. This mode1 is more adequate for 

monitoring the costs of those activities that lead to delivery of a product or service. Take the 

maintenance operation as an example, ABC can track the costs of the various activities in the service 

chain which is triggered on receipt of a work order. These activities include processing of the work 

order, job scheduling, provisioning of spare parts, and delivery of the maintenance service. 

The ABC method considers that in the long run, ail activity costs are variable. Information on the 

expected level of specific activities that consume a resource will highlight mismatch between loading 
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and available capacity. The prime factors that determine the activity level are known as the cost 

drivers of that activity. In the case of maintenance activities, the cost drivers may include preventive 

maintenance policy, degree of machine standardization, training of operators, spare parts inventory 

policy, etc. By analysing the cost drivers, managers can identifi design fadts that create wastes in 

the activity. Also. the process of mapping activities to cost objects can single out non-value added 

work, which offers potentials for business irnprovement (Tsang 1995). 

Equipment maintenance is a key process in industries such as transportation, utilities, mining, and 

manufacturing. It represents a significant component of the operating cost in these industries. Much 

of these expenses are consumed by non-value adding management controt or logistics related 

activities. Through the application of business process reengineering (BPR) pioneered by Hammer 

and Champy (1 993), maintenance processes can be streamlined to eliminate waste and produce 

breakthrough performance in areas valued by customers. Activity-based costing (Kaplan 1988), 

being an effective tool for capturing al1 the end-to-end expenses associated with a process, will 

provide the financial measures for determining the outcome of such changes. 

Various aspects of performance measurement have been extensively discussed in the Iiterature. 

Atkinson, et al. (1997) identiQ that there are three rotes in performance measurement, namely 

coordinating, monitoring, and diagnostic. Poirier and Tokarz (1996), Neely et al. (1997) offer 

suggestions on the design of good performance measures. Cameron (1 986), Keegan et al, (1 989), 

MaskeIl (1991), Bevan and Thompson (1991), Lockarny and Cox (1995), Kaplan and Norton 

(1 996b) provide their sets of guidelines for design of performance measurement systems that would 

lead to excellent performance in today's highly tubulent and competitive business environment. The 

principles shared by most of these prescriptions are: 

(a) Measures are organization-specific - they are linked to the organization's strategy. 

(b) Multiple measures - interna1 and extemal, financial and non-financial measures, performance 



drivers and outcome rneasures - should be used to achieve balance in perspective, and to 

communicate the causal relationships for achieving business success. 

(c) Measures should be user-friendly - simple, easy to use, available promptly. 

(d) Measures at different levels of the hierarchy are digned and they are integrated across an 

organization's functions. 

(e) involve employees in formulating strategies and identiming the related performance measures. 

(f) The organization's infiastructure encourages desired behaviour and supports operation of the 

measurement sy stem. 

(g) Effectiveness of the system and its contribution to overdl organizational performance are 

reviewed periodically to dlow changes and improvements to be made. 

2.4. The Practice of Performance Measurement 

In a review of the performance literature, Cameron (1 986) finds that measures of organizational 

performance are often selected on the basis of convenience. Typically, the measures used are either 

too narrowly or too broadly defined. This is a problern related to level of analysis; measures of 

individual, group, and organizational performance are not necessarily the same. In fact, focusing on 

a biased set of lower level measures may encourage sub-optimization. Other common features of 

performance measures identified in the review are: 

proxies of measures selected on the basis of convenience are often unrelated to organizational 

performance; 

a single measure is comrnoniy used to assess performance which is a rnultidimensional 

constmct; 

Outcorne measures are the dominant type of indicators for evaluating performance, whereas 

effects are most fiequently used in policy decisions and &y the public. Outcorne rneasures 



reflect short-term results, but sustainable performance depends on the long-term eflects of 

strategies pursued by the organization. 

Results of a KPMG survey (1 990) of 1 50 of The Time 1,000 companies, excluding the top 200, 

found that the information used to monitor performance was rated poor or average by close to half 

of the respondents in terms of relevance, accuracy, timeliness, completeness, cost effectiveness and 

presentation. Interna1 information and past financial performance appeared to dominate the 

information set. Extemal idormation was not reported as king widely used in strategy formulation 

or monitoring. In fact, idormation avaiiable to formulate and revie-w strategy was rated poor or 

average by the majority of respondents. 

A large scale postal survey of almost 12,800 organizations both in the private and public sectors 

in the UK was conducted in 1991 to determine the state of practice of performance management in 

indusûy (Bevan and Thompson 1991). With a response representing a fifth of the total LTK 

workforce, the survey results indicated that just under 20 percent of respondents claimed to be 

operating a formal PMS, but that a M e r  two-thirds did have policies for managing ernployee 

performance generally. Evidently, there was a patchy and incomplete uptake of performance 

management techniques in the UK. The main reasons empkoyers gave for introducing performance 

management included improving organizational effectiveness and increasing employee motivation. 

It was also found that organizations with a forma1 PMS were more likely to have a performance- 

related reward system. 

In 1995, another survey on performance measurement was conducted in the US, covering over 200 

organizations. (APQC 1996) It can be observed fkom the results that "Overaii, the majoriîy of 

management systems are designed oround short-term, conhol-orie~edfinanciai fiameworkr that 

are findamenfally tactical." The characteristics of performance measurement in participating 

organizations are as follows: 



dominated by financial or other backward-looking indicators 

failure to measure al1 the factors that create value 

M e  account taken of asset creation m d  growth 

poor measurernent of innovation, learning and change 

a concentration on imrnediate rather than long-tem goals. 

In i ts conclusion, the survey report states: "Despite reasonably high level use, non-financial 

measures and targets are fiequentiy treated in isoIation fiom strategic objecrives. They are not 

reviewed regwiariy, nar are they linked to short-terrn or action plans - they are Iargely ignored or 

Tor interest ' oniy." 

Maintenance practices of srnaIl and medium sized enterprises (SME) is the focus of a recent 

survey conducted in Australia (De Jong 1997). It is found that the main measure of maintenance 

performance used in the responding companies is the ratio of the total cost of the maintenance 

system to estirnated equipment replacement value (ERV). Other measures are chosen according to 

the pnorities of the Company and they may include number o f  accidents, value of spare parts to ERV, 

maintenance cost to production cost. Two other significant observations made from the study are: 

(1) Companies which have equipment performance goals and maintenance performance goals in 

place show both lower maintenance cost and lower proportions of reactive maintenance. 

(2) As the practice moves more towards proactive and relies less on reactive maintenance, the 

direct cost of maintenance will tend to reduce. 

2.5. Classifying Maintenance Performance Measures 

Arts and Mann (1 994) use the time horizon to classi@ maintenance decisions into three categories, 

namely strategic, tactical, and operational. Strategic maintenance decisions are made in the selection 

of design options for management systems or products to be developed, or plant and machinery to 



be acquired that wili be compatible with the organization's business strategy. Tactical maintenance 

decisions relate to the formulation of policies for effective and efficient use of available resoÛrces. 

Operational decisions are made to achieve a high level of effectiveness and efficiency in maintenance 

activities. 

Maintenance plans are often established with a view to achieving a quantifïed objective. However, 

the objective is usually chosen by 'gut feel' rather than by carefûl analysis. In a study done during 

the Second World War it was discovered that aircraft of the U.K.'s Coastal Command was prevented 

fiom rnavimizing their flying time since a wrong objective (maxhizing serviceability) was used 

(Crowther and Whiddington 1963). Serviceability, defined as the ratio of the number of aircraft on 

the ground available to fly plus those flying to the total nurnber of aircrafl, was initially used as the 

measure of performance for these aircraft. With the technology in those days, for every hour spent 

fl y ing, two hours would be required for maintenance. Thus, aiming for a high level of  serviceability 

would be in conflict with Coastal Cornmand's wartime requirement of maxirnizing the flying time 

of aircraft. On the other hand, in situations where aircraft are called upon only on emergencies, a 

high senriceability objective may be appropriate. 

Many indicators of maintenance performance discussed in the literatwe are developed to support 

operational decisions. Annitage and Jardine (1 968) note that these indicators are, at best, descriptive 

signalling that sorne action needs to be taken. TO be more useful, decision d e s  which are 

compatible with organizational objectives should also be in place such that the preferred course of 

action c m  be determined on the basis of the indicators' values. 

To facilitate detection of trends when the level of activities may vary over time, or cornparisons 

are made between organizations of differing scales of operation, indices are often used as measures 

of maintenance performance. Campbell (1995a) classifies these commonly used performance 

measures into three categories on the basis of their focus: 



(1) Measures of equipment performance -e.g. availability, reliability, overall equipment 

e ffectiveness 

(2) Measures of cost performance - e.g. Operation & maintenance (0lkh.f) labour and material 

costs 

(3) Measures of process performance - e.g. ratio of planned and unplanned work, schedule 

compIiance 

However, the underlying assumptions of these rneasures are often not considered when the results 

are interpreted. 

1. Overt Bottom-Line 
impact 

- - -- - 

Level 

Impacts of maintenance actions on 
down-time, quality, yield and hture 
maintenance costs are negligible. 
Causes of maintenance costs arise and 
are controllable within the accounting 
period. 

Direct Maintenance Cost 

- - 

Assumptions 

2. Profit-Loss and Overt 
Cost Impact Performance 

Typical Measures 

0 Impacts of maintenance actions on 
quality, yield and future maintenance 
cos& are negligible. 
Causes of maintenance costs and down- 
cime arise and are controllable within the 
accounting period. 

1 Direct Maintenance Cost 
(Delay Tune) x $/lu. 

4. System Audit Approach 

3. Instantaneous 
Effectiveness Measures 

System excellence implies the best 
possible performance. 
Strategies and current techniques are 
effective. 

Causes of maintenance impacts on the 
business arise and are controllabk within 
the accounting period. 
Oniy the events occurring now will occur 
in the future 

0 Overt Maintenance Action Cos1 
Utilization 
Availability 
Reliability 
Overall equipment effectivenesi 

PlannedAJnplanned work ratio 
Actions canied out compared 
with strategy 
Backlog trends 
% maintenance induced failures 
System Audit 

5. Time Related 
Performance 
Measurement 

Projections for fùture demand and 
obsolescence are accurate. 

- 

Fig. 2.3 Levels of Performance Measures 



Dwight (1994) proposes to classify performance measures into a hierarchy according to their 

implicit assurnptions regarding the impact of the maintenance system on the business. There are five 

levels in the hierarchy, indicating a progression in awareness of the Business Success Factors that 

are controllable or influenced by maintenance. Sorne details of the classification are shown in Fig. 

2.3. 

The measures in the fifih level recognize that expenses include depletion of the fixed asset 

resource, the value of which depends on fùture demand, technological changes, and the 

appropriateness of the various maintenance actions. They also allow maintenance actions to be 

judged against factors like the remaining life of the equipment, process or product. 

Maintenance is an essential support hinction in an organizations's value chah. Dwight States that 

its contribution to the organization's business success can be analysed as a fûnction of four variables: 

O the cost of the action, 

the effect of disruption caused by the required maintenance actions, 

the effect on equipment performance between maintenance actions, and 

the ability of the action to affect the Iife of the asset. 

An assessment of the situation with respect to these dimensions determines the appropriate 

maintenance actions that will affect the bottom Iine. This analysis, in tum, will determine the 

relevant mesures of performance that should be used. For example, when a cornpany has surplus 

productive capacity, disruption may have a low correlation with success. In such a case, any measure 

that relates to dismption will not be appropnate. 

Uihilst these four variables relate to the itnpact of maintenance at the equipment level, other 

indicators that measure performance of the maintenance system should also be in place. These 

measures of systern performance are typically designed to detect if planned work had k e n  done and 



completed on tirne, or to track resources consumed by the system. Again, these measures are 

appropriate oni y if they have a cause-and-e ffect relationship wi th business performance. 
. 

2.6. Approaches to Measuring Maintenance Performance 

A Value-Based Performance Measure 

Maintenance activities determine the fiitwe options available to meet demand. The readiness to 

deal with uncertain events, such as equipment breakdown, is also infiuenced by maintenance 

management decisions. In the light of these characteristics, Dwight (1 995) identifies the following 

shortcomings of performance rneasures currently used in industry: 

(a) The concept of accumulation of risk is not captured. 

(b) The focus is on the irnmediate rather than the overali requirement, 

(c) The measures are not related to business requirements. 

A performance measure that takes into account the impact of maintenance activities on the future 

value of the organization has been proposed by Dwight (1994) as follows: 

Performance = vr - v, 

whcre V ,  is the value realized in the period, which is equivalent to CF ( t - 1, t ), the cash-flow during 

the interval ( f - 1, r ). Y,  is the fùture value lost compared with the known best value, Y,', which, in 

turn, is given by: Vr ' = V ' (t - 1) - V ' ( t )  where V' (t) is the estirnated best attainabie surn of 

hture real cash flows, or 'residual value' in the system at t h e  t . V' ( i)  and Y ,  must be calculated 

exposte by considering the circumstances prevailing during that period. In this calculation of value, 

it is assurned that the best available option will be taken up in the next period. 

An alternative definition of performance, which deds with 'residual value' in the system, is: 



Performance = 
CF( t -1 , r )  + V * ( t )  

The data required in de tedn ing  the above performance meanire cm be collected fkom an 

existing system using a conceptual mode1 known as the "Incident Evaluation Approach" (see Fig. 

2.4, Dwight 1995). This approach involves the compilation of a library of possible primal incidents 

and their associated actions, Ieading to secondary incidents. An incident is a failure mode of the 

system which will reduce the potential output of the system. The expected residual value of an action 

policy is detemined by the expression: 

where p ( C, ) is the probability of occurrence of incident C, as a fimction of tirne. CF, is the 

expected cash flow as a result of Cl occurring at its expected time, given the available resources 

implied by action set A. The optimal action policy and Y' ( f - 1) are detemined exposte by taking 

into account the involuntq incidents that actually occurred during the interval ( i - 1, i ). 

Prirnal 
incident O 

implies 
b i 

Alternate 
actions leading 
to secondary 

incidents 

evaluate determine compare with 

Fig- 2.4 The Incident Evaluation Approach to collecting data for performance measurement 

This is a laborious procedure which only fofuses on the financial impact of decisions associated 

with system failures. If other dimensions of performance measures, such as customer perception and 

contribution to meeting the future business needs of the organization, are to be assessed, a more 

comprehensive approach to performance measurement has to be used. 
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The Balanced Scorecard 

Organizations typically use fmancid rneasures as performance indicators. Sorne of the drawbacks 

of these measures have k e n  discussed in the section on "The Theory of Performance Measurement". 

Even if those flaws can be eliminated, financial measures still have the drawback that they tend to 

shape managers' mind-set that focuses on short-term results. The short-term thinking is driven by 

the investment community's short-term perspective. As a result, very few managers mi11 choose to 

make capital investments or pursue long-term strategic objectives that will jeopardize quarterly 

eamings targets. 

incorne-based financial figures are lag indicators. They are better at measuring the consequences 

of yesterday's decisions than at indicating tomorrow's performance. Managers are wiliing to play 

the earnïngs garne. For instance, investrnent in maintenance can be cut back to boost the quarterly 

eamings, The detrimental effect of the cut back will only show up as increased operating cost in 

some future periods, by which time the manager making the cut back decision may have already been 

promoted because of the excellent eamings performance. In view of these deficiencies, customer 

oriented measures such as response tirne, service commitments, and customer satisfaction have been 

proposed to serve as lead indicators of business success (Eccles 1995). 

To assure future success, organizations nowadays must be financially sound and customer 

oriented. This is possible only if their interna1 processes c m  provide a set of distinctive core 

cornpetencies that will enable them to achieve their business objectives. Furthemore, they aiso need 

to have the capability to improve and create value continuously, through development of  their most 

precious assets - the employees. An organization which excels in only some of these dimensions 

can, at best, be a mediocre performer. Improvernents in operationai capabilities such as faster 

response, better quality of service, reduced waste, etc. will not lead to better financial performance 

unless the spare capacity created by the operational improvement is utilized or the operation is 
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downsized. Also, maintenance organizations that are efficient in delivering high quality services will 

not remain viable for long if they are slow in developing new expertise that will meet the emerghg 

needs of the user departments. For example, electro-mechanical systems are king phased out by 

electronic and software systems in many automatic facilities. In the face of the new demand, the 

maintenance service provider has to transfonn the profile of its expertise fiom one that is pt-imanly 

in the eiectrical and mechanical trades to one that is more focused on electronics and information 

technology. 

Obviously, relying on a single measure will not be able to capture all these requirements. A 

balanced presentation is therefore the preferred approach to measuring maintenance performance. 

The BalancedScorecurd (BSC) proposed by Kaplan and Norton (1 992) offers the template for the 

balanced presentation. It is a vehicle that translates a business unit's mission and strategy into a set 

of objectives and quantifiable measures built around four perspectives: Financial (sharehotder's 

views), Customer @erformance attributes valued by customers), Internal Processes (the long- and 

short-term means to achieve the financial & customer objectives), and Learning & Growlli 

(capability to improve and create value). It directs managers to focus on a handfùl of measures that 

are most critical for the continuai success of the organization. 

The Balanced Scorecard had been implemented in a number of major corporations in the 

engineering, construction, microelectronic and cornputer industries (Kaplan and Norton 1993). 

Experience in these pioneering organizations indicates that the Scorecard will get its greatest impact 

on business performance, only if it is used to drive a change process. The development of a Balanced 

Scorecard also engenders the emergence of a strategic management system that links long-texm 

strategic objectives tu short-term actions (see Fig. 2.5, Kaplan and Norton 1996a, 1996b) 



Objectiva Measures Ta rgcts Action Pians 1 Perspective 

Mission & 

Fig. 2.5 The Balanced Scorecard links strategic objectives to short-term actions 

A strategic management system that builds around a Balanced Scorecard is characterised by three 

keywords - focus, balance and integration. Ashton (1 997) explains these three attributes as follows: 

"Focus has both strategic and operational dimensions in defining direction, capability 

and what the business or its activities are al1 about, while balance seeks an equilibriwn 

for making sense of the business and to strengthen focus. Integrution is critical, enswing 

that organizational effort laits into some fonn of sustainable response to strategic 

priority and change." 

The BSC approach provides a holistic ftamework for enilblishing performance management 

systems at the corporate or business unit level. When the approach is applied to managing the 

performance of maintenance operations, a process involving the following steps c m  be fol lowed (see 

Fig. 2.6, Tsang 1998a): 

(1) Formulate strategy for the maintenance operation - Strategic options such as developing in- 

house capability, outsourcing maintenance, empowering fionthe operators, introducing 

teamworkuig, enhancing flexibility of workforce, and adopting relevant new technology are 

considered and decisions made through a participative process. 



(2) Operationalize the strategy - The maintenance strategy is translated into long-terni objectives, 

The relevant Key PeTformance Indicators (KPIs) to be included in the BSC are then identified 

and performance targets established. Suppose outsourcing the maintenance and repair of 

genenc and cornmon equipment and vehicle fleets has been chosen as a strategy to allow an 

electric utility company to focus on its core cornpetencies of managing its transmission and 

distribution system. The KPIs and performance targets that relate to this strategic objective are 

"outsource 20% of maintenance work" and "reduce maintenance costs by 3 0 %  in two years. 

The former indicator belongs to the "Interna1 Processes" perspective and the latter the 

"Financiai" perspective. To achieve vertical aiignrnent, these objectives, KPIs and targets are 

cascaded into goals for teams and individuals. 

(3) Develop action plans - These are means to the ends stipulated in the targets established in 

step (2). To achieve the targets relating to outsourcing of non-core maintenance works given 

in the above example, the company may have decided to develop capabilities in the following 

three areas which are needed in the outsourcing process: contract negotiation, contract 

management, and the ability to capitalize on emerging opportunities arising fiom changing 

technology and the changing cornpetitive environment in the maintenance field. These action 

plans should also encompass any necessary changes in the organization's support 

infiastructure, such as structuring of maintenance work, management information systems, 

reward and recognition, resource allocation rnechanisms, etc, 

(4) Periodic review of performance and strategy - Progress made in meeting strategic objectives 

is tracked and the causal relationships between measures are validated at defïned intervals. The 

outcome of the review may necessitate the formulation of new strategic objectives, 

modification of action plans and revision of the scorecard. 



Fig. 2.6 Strategic Maintenance Performance Management Pmcess 

Some of the KPIs featured in the Scorecard for measuring the maintenance performance of  an 

electricity transmission and distribution Company may include the following items (Tsang & Brown 

Financial Reduce operation & maintenance 1 O&M costs per customer 
(O&M) costs -------------- ------------------------------------ ------------UI------_----------- 

Key Performance Indicators (KPIs) Perspective 

Since these measures are derived fiom the organization's strategic objectives, the Balanced 

Scorecard is specific to the business unit for which it is developed. 

By directing managers to consider al1 the important measures together, the Baianced Scorecard 

guards against sub-optimization. Unlike conventional measures which are contml oriented, the 

Balanced Scorecard puts strategy and vision at the centre and its emphasis is on achieving 
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Intemal 
Processes 

Learning & 
Growth 

Enhance system integrity 

Develop a rnulti-skilled & 
empowered workforce 

% of tirne voltage exceeds limits 
Number of contingency plans reviewed 

% of cross-trained staff 
Hom of W n g  per employee 



performance targets. The measures are designed to pull people toward the overall vision. They are 

iden ti fied and their siretch targets established through a participative process which involves the 

consultation of intemal and extemai stakeholders - senior management, key personnel in the 

operating units of the maintenance function, and the users of the maintenance service. This way, the 

performance measures for the maintenance operation are linked to the business success of the whole 

organization. 

The theoretical underpinning of the Bdanced Scorecard approach to measuring performance is 

built on NO assertions: 

(1) Strategic planning has a strong and positive effect on a fïrm's performance. 

(2) Group goals influence group performance. 

The link b e ~ e e n  strategic planning and a firm's performance has been the subject of numerous 

research studies. By applying the meta-analytic technique to anaiyse the empiricai data drawn fiom 

planning-performance studies published in the last hvo decades, Miller and Cardinal (1 994) are able 

to establish a strong and positive correlation between strategic planning and grow-th. They also show 

that a similar link between planning and profitability exists when the firm is operating in turbulent 

environrnents. 

The existence of group goal effect is also established in a similar study on previously published 

research findings relating to goal setting in groups (O'Leary-Kelly et al. 1994). 

Although it is a common belief in industry that strategic planning is important for ensuring an 

organization's future success, very often the performance measwes and the actuai Company 

improvernent programs are inconsistent with the declared strategy. Such a discrepancy between 

strategic intent and operational objectives and measures is reported in a recent survey conducted in 

the Belgian manufaçturing industry (Gelders et al. 1994). This unsatisfactory situation cm indeed 

be avoided by introducing the Baianced Scorecard. 



System Audits 

An organization's maintenance capability can be ùifemed fiom an audit of its maintenance &stem. 

The audit is a thorough and comprehensive review of the various dimensions in the maintenance 

system, such as organization, personnel training, planning and scheduling, data co1lection and 

anal y sis, control mechanisms, measurement and reward sy stems, etc. To get unbiased findings, the 

reviewer should have no direct responsibility or accountability for performance of the system under 

review. The audit is usually conducted by using a questionnaire designed to provide a profile of the 

maintenance system. Typically, the questionnaire is stnictured to address specific key areas in the 

system to be audited. Responses to these questionnaires may take one of these forms: 

(a) either "yes" or "no"; 

(b) choose one or more of the available options; 

(c) on a Likert-type scaie of, say, 1 to 5, to indicate different de- of agreement or lack of it. 

Different weights may also be assigned to different questions to reflect their relative contributions 

to system performance. Even though they may use sophisticated assessrnent schemes, the underlying 

theory of system audits is obscure. 

Dwight (1 994) suggests a procedure that relates the state of a system element, such as "feedback 

fiom operations". to its contribution to the system's overa11 performance. 

System EIement Failure Artribute 

Ad hoc is the state + Feedback from 
on system operations delays Success 

Fig. 2.7 Determining the contribution of an obsewed system state to business success 

In the exarnple given in Fig. 2.7, an organization's maintenance fùnction only obtains feedback 
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from operations on an ad hoc basis. Suppose the standard state (the best practice) for this system 

element is to empower the operator to be the maintainer. When compared to the standard, the 

observed state scores 10% of the maximum rating. Feedbackfiom operations is recognized as one 

of the sy stem elements that have an influence on the failure attribute Frequency of delays (scoring 

1 00 points out of a total of 350). With Frequency of deluys contributing to 50% of business success, 

the overall performance contribution of the observed state of Feedbackfiom operation is computed 

as: 

The overall performance of the maintenance system c m  be determined by aggregating the 

contributions to business success of the observed states of ail the system elements that have an 

influence on a relevant failure attribute. 

In this procedure, mutually exclusive and collectively exhaustive Failure arrributes that 

contribute to business success have to be identified. The same requirements also apply to the Systern 

elements that have an influence on a Failure uttribure. 

The more typical system audit tends to focus on the issue of conformance to a standard mode1 

both in system design and execution. It is assumed that the standard can be universally applied to 

achieve superior performance. The maintenance system audit questionnaires in Westerchamp (1 993) 

and Wireman (1 990) are developed on the basis of this concept. This approach to system audits fails 

to recognize that different organizations operate in different environrnents. Product, technology, 

organizational culture and the extemal environment are some of the key variables in an 

organization's operating environment and they may be in a state of constant change. Superior 

performance will be achieved only ifthe intemal states and processes of the organization fit perfectly 

in the specific operating environment. Sociotechnical System (STS) analysis provides a methodology 
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to design a system that will achieve this fit (Taylor and Felten 1993). Thus, the basic assumption of 

a standard reference model implicit in the design of the typicai audit questionnaire is problematic. 

An effective system audit that focuses on the organization's social systems can be designed on the 

b a i s  of the Parsonian paradigm, which postulates that people are organized into groups to hilfill 

these four (GAIL) fûnctions (Parsons and Smeler 1956): 

attaining goals that legitirnize the group's existence (G); 

adapting to external circumstances (A); 

integrating activities for s u ~ v a l  0). 

rnaintaining the possibility to fünction in the longer term (L); 

in the context of maintenance management, these fünctions relate to four roles, nameiy user, 

designer, manager, and maintaber, respectiveiy. Running through these roIes are three macro 

processes that collectively contribute to achieving the goals of the organization: 

Producing (products). 

Maintaining (equipment). 

ModiQing and building (new facilities) 

The equipment can be in the starf-up, stabilising, or srable phase. The interface between the 

roles and processes must be managed and controlled in ways which are appropriate to the 

equipment's phase of existence. For example, when the equipment is in the start-up phase, 

Engineering (the designer) and Production (the user) should play a Ieading role in maintenance. 

However, when the equipment is in the stable phase, Maintenance and Operations Management 

should become the driving force. 

Organizational culture, the sofler aspect of the organization, is an important element that can also 

be assessed by a culture audit. Scores relating to various dimensions of the organization's culture 

c m  be plotted on a multifactor chart developed Erom the competing values model (Quinn and 
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Rohrbaugh 1 983). The four quadrants in the chart de fines four orientations of cultural dimensions: 

innovative, supportive, rule-oriented, and goal-oriented, which correspond to the adaptive, pattern 

maintenance, integrating, and goal-attainment functions, respectively in the Parsonian paradigm. A 

culture audit can bring out the culturai differences, if any, between various parties in the 

organization. It can aiso detect mis-matches between an organization's culture and its approach to 

maintenance management, such as introducing self-directing teams in a Production Department 

which has a very low level of innovative and goal orientations mensen 1995). 

The alignment between strategy, actions and performance measures, a basic principle in the design 

of performance measurement systems, can be audited using the Performance Management 

Questionnaire (PMQ) developed by Dixon et al. (1990). The tool can also be applied to perform a 

reality check on the performance measurement in practice rather than the one on paper. Any 

deficiencies identified fiom these processes will become the driver for realigning perceptions, or 

changing the measurernent system- 

2.7. Performance Analysis 

Performance analysis is the measurement and cornparison of levels of achievement of specific 

objectives. To evaluate the overall performance of maintenance operations across organizations in 

a specific industry, the measures of achievement must not be influenced by matters unrelated to non- 

operational issues, such as accounting and taxation d e s ,  o r  financing arrangements. In single-input, 

single-output cases, productivity defined as the ratio of output to input is an adequate measure of 

operationai performance. However, the analysis becomes more cornplex when multiple inputs and 

multiple outputs are involved. These multiple inputs could have different units of measures and the 

same situation may also apply to the multiple output measures. Consider the case of comparing the 

maintenance performance of  railway systems. The inputs can include available kilometres, passenger 



trips per day ,  rolling stock and station facilities, etc. O&M cos& per car operating kilometre, and car 

operating kilometre per total staff plus contract hours are examples of the multiple outputs. 

Dara Envelopment Adysis (DEA), developed by Charnes, Cooper and Rhodes (1 978), is anon- 

parametric approach that c m  be used to compute multiple-input, multiple-output productivities. It 

does not require preassigned weights for Ïnputs and outputs; these are implicit Ïn the data set. 

Performing DEA requires the solution of a linear prograuunhg (LP) mode1 for each decision-making 

unit (DMU) in the peer group. The set of solutions of the LP models in the data set will define the 

data emelopment ~ u c e ,  a piecewise empuical extrema1 surface, in a hyperspace with m + s 

dimensions where m is the number of inputs and s is the number of outputs. DMUs which are on 

the data envelopment surface, also known as the eflcientfiontier, are considered top performers 

amongst their peers. 

Fig. 2.8 shows the envelopment surface of 8 DMUs each consumes a single input (x) to produce 

a single output (y). The piecewise Iinear efficient fiontier is defmed by DMU, , D M , ,  DMU,, and 

DMU, . The other 4 DMUs which lie below the surface are considered inefficient. 

Y "  
/ 

/ 
/' 

/' 
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/ 
DMUi 

/ 

O X 

Fig. 2.8 Data Envelopment Surface for the Additive Mode1 
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A number of basic DEA rnodels have been developed. The choices for the basic models depend 

on the type of envelopment surface employed and the measure selefted to quantifi the de+es of 

inefficiency associated with those DMUs that do not lie on the efficient fkontier. Essentially there 

are two types of surface, namely constant retwns-to-de surface and variable returns-to-scale 

surface. The efficient fiontier shown in Fig. 2.8 is an example of variable renirns-to-sale surface. 

In the case of constant retums-to-scale surfaces, they must pass through the origin of the hyperspace 

that defines the data set. The dotted line radiating fiom the origin and t o u c b g  DMU, in Fig. 2.8 is 

an exampie a constant retums-to-scale surface. 

Consider the case in which there are n DMUs, each of which consumes varying amounts of m 

ditrerent inputs to produce s different outputs. The amounts of inputs consumed by DMU, are 

X ,  = { x , , ) (for i = 1, ... , m) to produce the amounts of outputs at values Y, = ( y,, } (for 

r = 1, ... , s). It is assumed that x,, 2 O (less is better) and y,, L O (more is better)). Furthermore, 

al1 the inputs and outputs are discretionary, Le., the amounts can be varied at management's 

discretion. Let X denotes the m x n matrix of input measures, and Ydenotes the s x n matrix of 

output measures. The additive DEA model, which prescribes a variable retwns-to-scale and 

piecewise linear envelopment surface, takes the following form: 

- 4 

min 2, = - 1 s '  - 1 s -  
A,  S., s - 

The constraint for A specifies the convexity of the efficient frontier. This LP problem is solved 

for ( X,, Y ,  ) = (X, , Y, ) where j = 1, ... , n . Each (X,, Y, ) represents a specific DMü to be 

rated. A DMU is on the efficient fiontier if the corresponding LP model yields r,' = O (an optimal 



value is denoted by ' ). M e n  any component of the slack variables s " or s " is not zero, the 

corresponding DMU is not on the frontier, i.e., it is ineficient. h the latter case, z,', s", axid s -' 

provide respectively an overall mesure of ineficiency, as well as the amounts of inefficiency in the 

various outputs and inputs. 

A review of the various basic DEA models and their extensions to deal with complications such 

as inputs and outputs that are non-discretionary, or have categoncal d u e s  c m  be found in Charnes 

et al. ( 1 994). 

DEA is ofien supplemented wiîh multiple regression analysis to identify the significant factors 

contributing to superior performance of the DMUs on the f?ontier. 

The procedure has been used to compare the operational performance amongst airlines (Schefc y k  

1 999, hospitais (Ozcan and McCue 1 996), schools (Thanassoulis 1 996), and special econornic zones 

in China (Zhu 1 996). An example illustrating the use of DEA to study the pedormance of a number 

of aircrafl maintenance operations over multiple time periods can be found in Charnes et al. (1985). 

2.8. Concluding Remarks 

Performance measures will only provide useful information for guiding management decisions 

and shaping desirable employee behaviour if they are appropriately selected to fit the operating 

environment peculiar to the organization. The indiscriminate use of commoniy employed 

performance measures without regard to their underlying assumptions and their adequacy in 

reflecting the organization's strategic focus may lead management astray by providing misleadhg 

information for management decisions or g i h g  incoherent signals to employees on what factors are 

important to the organization's success. 

Maintenance performance measurement is a complex task since multiple inputs and multiple 

outputs are involved in the process. Various approaches to measuring maintenance perfomance have 
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been reviewed. The value-based performance measure attempts to assess the impact of maintenance 

activities on the future value ofthe associated assets. However, the procedure involved is laborious 

and it has a limited focus - the measure is a financial indicator expressed in terms of fùturecash 

flows. The Balanced Scorecard provides an alternate and holistic approach to measurement which 

is developed on the notion that no single measure is sufficient to indicate the total performance of 

a system. It translates the organization's strategy on maintenance into operational measures in 

multiple dimensions that collectively are critical indicators of current achievements and powerful 

predictors of future maintenance performance. While some of the indicators featured in the 

Balanced Scorecard are easily quantifiable (these are known as hard measures), some others are soft 

measures which Iend themselves to evaluation by using the system audit approach. E.uamples of soft 

measures include the fit between organizational culture and the structuring of maintenance work, the 

vertical aiignrnent of objectives at different Ievels of the hierarchy, and horizontal integration across 

multiple fiinctions that interact with maintenance. System audits designed on the basis of STS 

analysis provide an approach to predicting fbtwe maintenance performance with particular focus on 

interactions between the social system in the organization and its operating environment. The extent 

of alignment within the organization can be surveyed by usîng instruments such as PMQ. 

Value-based measures, the Balanced Scorecard, and system audits are approaches to measuring 

the maintenance performance of an organization. When the operational emciencies of multiple 

maintenance organizations are to be compared quantitatively, however, the DEA approach will be 

appropriate. 

Recommendations for Future Research 

The Baianced Scorecard fias received increasing acceptance in industry as the mode1 for measuring 

overall performance of business units. Despite such interest in industry, the feasibility of applying 

the BSC mode1 for managing performance of a specific function, maintenance for instance, is still 



an uncharted area which needs researching. in this context, the specific issues are: 

What processes should be in place to: 

implement a BSC-based performance management system for maintenance operations? 

match the strategy, as manifested in the measures of the BSC, with the culture and the 

prevailing operating environment of maintenance operations? 

ensure vertical alignment and horizontal integration? 

A typicaI BSC for a business unit has measures representing four perspectives: financial, 

customer, interna1 processes, learning and growth. Are these perspectives still appropriate for 

the BSC of maintenance operations? 

What is the optimum number of perfonnance measures to be included in the maintenance 

BSC? 

How to vdidate that the BSC reflects the declared strategy of the maintenance operation? The 

following questions are relevant: 

How to ensure that the various performance measwes used are associated with each other 

and linked to the strategy? 

How to ascertain the completeness of the measures in the BSC? 

When problems are identified in the periodic reviews, how to ensure that the system will 

regulate itself, such as rnodi6ing the strategy, fine-tuning the action plans, or replacing 

inadequate performance measures with better ones ? 

Are there generic measures for evaluating maintenance performance? 

How to analyse the costs and benefits of a maintenance performance management system? 

In measuring maintenance performance, what are the measures that relate to: 

the learning and growth perspective? 

the performance drivers that can be used as lead indicators (predictors of performance)? 



(i) What elements of organi7ational Mastructure are mandatory to support the BSC-based 

maintenance performance measurement system? 

(j) What are the success factors and common pitf 'ls in implementing the BSC-based performance 

measurement system? 

The performance of  maintenance operations c m  be enhanced only to the extent that the 

stakeholders concemed behave in an orchestrated mariner that wiIl ensure availability of productive 

assets to meet demands at minimum life cycle cost to the organization. The framework built around 

a Balanced Scorecard as outlined in Fig. 2.6 provides a mode1 for achieving this goal. Investigation 

into the issues listed above will surely shed light on the contributing factors to ensure success of the 

maintenance performance measurement sys tem. 

Some of the agenda items listed above fdl in the focus of this study. 



3. Strategic Dimensions of Maintenance Management 

3.1. Introduction 

A holistic approach to measuring maintenance performance that captures the strategic 

perspectives has been presented in the previous chapter. The centre-piece of the approach is the 

balanced scorecard, the design of which is driven by the organization's maintenance strategy. The 

various dimensions of maintenance strategy are examined in this c hapter. 

The fimctions of maintenance have been discussed extensively in the literature. The EUT 

maintenance model (Geraerds 1992) identifies the professes involved in m e e ~ g  the maintenance 

needs of technical systems already in place and the interrelatiooships of these processes. The 

management processes embedded in the maintenance fûnction are modelled by Cortes (1997). The 

MESA model (Murray, et. al. 1996), on the other hand, shows the links between different types of 

maintenance decisions. At a higher level of abstraction, Visser models maintenance as a 

transformation process encapsulated in an enterprise system (Visser 1998). In Visser's input-output 

model, the resources deployed to maintenance include labour, materials, spares, tools, information 

and money. The way maintenance is perfonned will influence the availability of production 

facilities, the volume, quaiity and cost of production, as well as safety of the operation. These, in tum 

will determine the profitability of the 

enterprise. Since the use of external service 

providers has always k e n  an option in 

maintenance decisions, the inputs to the 

maintenance process should aiso include these 

external resources, see Fig. 3.1. 

Enterprise System 

l 
Semctr 

Produccion S ystem 

M o w f  - .  >'--y 

Fig. 3.1 Input-Output Model for the Enterprise System 
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From the above input-output model, four strategic dimensions of maintenance as listed below can 

be identified. The first relates to the inputs, the next two are concemed with the design of the 

maintenance process itself, and the fourth one is about the support systems. 

(1) Service delivery options - the choice between in-house capability and outsourced service. 

(2) Organization of the maintenance huiction and the way maintenance tasks are stnictured. 

( 3 )  Maintenance methodology - the selection of maintenance policies. 

(4) Elements in the infkstnicnire that support maintenance. 

3.2. Service Delivery Options 

In the past, when the merits of vertical integration were emphasized in management thinking, 

maintenance activities in organizations were typically performed by intemal suppliers. Extemal 

suppliers were used only under the following situations: 

The available in-house maintenance capability was insufficient to meet peak demand. In such 

cases, short-term outsourcing would be used to fil1 the shortfdl. 

The expected volume of maintenance work was too small and the variety of maintenance 

related specialist skills too wide to justie at least one specialist on standby. 

The organization did not have the expertise and specialized facilities to perform the 

maintenance work; the cost of developing such capabilities and assets in-house would be 

prohibitive while there were established suppliers in the market to provide the required 

services. 

In recent years, a trend has emerged that subscribe to the concept that unprecedented business 

performance can be achieved if the skills and resources, limited commodities in an organization, are 

better leveraged to focus on a set of core competencies. Core competencies, a key concept in this 

approach, is defïned as a bundle of skills and technologies that enables an organization to provide 



a particular benefit to customers (Hamel and Prahaiad 1994). Thus, maintenance activities for which 

the company has neither a strategic need nor a special capability are prime candidates to be 

outsourced. The maintenance senices typically outsourced include the maintenance and repair of 

generic and common equipment, electronics, environmental equipment, mobile fleets, buildings and 

grounds, projects and hprovements, as well as plant overhauls (Campbell 1995b). 

The selection of maintenance senice delivery options should not be regarded as a purely tactical 

matter. The decision should be made in the context of the company's overall business strategy. When 

companies consider outsourcing of their maintenance activities as a strategic option, they need to 

answer three key questions: What should not be outsourced? What type of contractual relationship 

with the extemal service supplier should tK adopted? How to manage the risks of outsourcing? 

What Should Not be Outsourced 

There are two key strategic issues that determine the option bebveen outsourced and internally 

provided services (Quinn and Hilmer 1994). The first factor is the potential for achieving a 

sustainable cornpetitive edge by performing the work internally. If management perceives that 

achieving preeminence in performing certain maintenance services - done cheaper, better, or in a 

more timely manner - will enhance the cornpany's competitiveness, such services should be done 

internally. The second factor is the degree of strategic vulnerability if the work is outsourced. Ifthere 

is insufficient depth in the market, an overly powerfûl supplier can hold the company ransom. On 

the other hand, if the individuai suppliers are too weak, they may not be able to supply quaiity and 

innovative services as good as the buyer could by perfoxming the work intemally. Knowledge is 

another important dimension that affects vulnerability. It  is extremely rislcy to outsource work when 

the company does not have the cornpetence to either assess or monitor suppliers, or when it lacks 

the expertise to negotiate a sound contract. 

Obviously, companies should not outsource those activities that are crucial elernents of their core 



competencies. However, this caveat is ofien not heeded when outsourcing decisions are dnven by 

cost-cutting and headcount-reduction criteria As a result, control of activities critical to establkhing 

the company's cornpetitive advantage can be unwittingly ceded to suppliers. 

Interpreting "core competencies" as "things that we do best" is fallacious. This misconception is 

damaging as it encourages management to outsource activities with which it is having problems. If 

the company has difficulty in managing an intemal supplier, it probably cannot cornmunicate its 

requirements adequately to the extemal supplier. Thus, interna1 problems are traded with more sticky 

problems of dealing with extemal suppliers. It will be even more devastating if the problematic 

activity over which the company relinquishes control is a critical link in its current or future value- 

creation process. 

When an externai supplier offers a significant cost-saving deal on the company's core activities, 

management should refrain fiom outsouming them. Instead, the intemal service provider should be 

challenged to improve its cost-effectiveness, using the supplier's offer as a benchmark of 

performance. Furthemore, one should not rule out the possibility that the supplier may be ushg a 

"loss-leader" tactic in making the favourable offer to the client - the pnce differential could well 

be the supplier's investment in controlling and developing such strategic capabilities (Lonsdale and 

Cox 1997). 

Not al1 the "things that we do best" would qualim as the organization's core competencies. 

Venkatesan (1992) points out that these capabiiities are core to the organization only if they: 

have a high impact on what customers perceive as the most important service attributes; 

require highly specialized knowledge and skills and specialized assets, al1 of which are in short 

supply; 

involve technology that is still fluid, and a clear technological lead is the likely prize of being 

the successful pioneer in applying that technology. 
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Obviously, these core capabilities should be kept within the organization. When a maintenance 

service, which can be one of the "things that we do best", has k e n  classified as a non-core activity, 

it can be considered to be outsourced. However, the decision depends on the relative costs of in- 

house and extemal provision of that service. Apart fiom the direct costs involved, the relevant 

transaction costs in the two options are: 

(a) Interna1 provision - conthuing R&D, personnel development, and infiastructure investrnent 

that at l e s t  match those of the best supplier to maintain a competitive edge; overhead for 

rnanaging the insourced activities. 

(b) Out-sourcing - the costs of searching, contracting and controlling the outsourced activities. 

If it is found to be more cost-effective to keep an exemplary but non-core capability, the Company 

should explore the pssibility of commercializing the expertise to serve the needs of non- 

cornpetitors. For example, a raiIway company may have developed a high speed in-process 

inspection system to monitor the Wear on brake plates while the train car is being cleaned in the car- 

wash. Since the automated system is not a key element of the company's competitive edge, it can 

be made available to other nilway companies or maintenance service providers to generate extra 

revenue. 

Choosing the Type of Contractual Relationships 

The potential benefits of outsourcing maintenance activities include less hassle, reduced total 

system costs, better and faster work done, exposure to outside specialists, greater flexibility to adopt 

new technologies, uid more focus on strategic asset management issues (Watson 1998, Campbell 

1995). However, these are seldorn realized because the contracts tend to be task oriented rather than 

performance focused, the relationships between the outsourcing company and the contractors are 

adversarial rather than partnering. This phenornenon is caused by the problem that the profit motives 

of the parties involved in the relationship are not shared - the contractor wisbes to maximize 
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retums, whilst the client's major goals are to minimize costs. As a resdt, cornpetitive bidding is the 

preferred mechanism for selecting contractors. In response to the lack of long-tenn cornmitment 

fiom the client, the supplier makes minimal investment in staffdevelopment, plant, equipment; and 

new technologies. This short-term tactic adopted by the contractor, in tum, often causes the client 

to replace one adversary with another, thereby setting a vicious circle in motion. 

The type of maintenance contract in use is an important factor that determines the relationship 

between the outsourcing Company and its service suppliers. Martin (1 997) classifies maintenance 

contracts into three types, namel y work package contracts, performance contracts, and facilitator 

contracts, see Fig. 2. Brief discussions of these contracts follow. 

Type of contract Type o f  service l C lient-contractor 
relationshir, 

Client maintenance 
knowledge 

Work package 
contract 

Performance 
contract 

Facilitator 
contract 

Fixed number of 
activities, lump sum 

Availability, budget 
constraint 

> > > 
complexity duration size of knowledgc base 

Fig. 3.2 Types of Maintenance Contract (Source: Martin 1997) 

Work package contracts are the most basic form of maintenance contracts. Design of the 

maintenance concepts, planning and control logic, as well as spare parts management are performed 

by the client, who tells the contractors when they are needed to do what maintenance activities. 

Evidently, this mode of contracting is task oriented and the contractors are engaged as mere 

providers of skilled manpower and tools to execute well defined work specified by the client. 

Performance contracts are also knowm as performance specijied maintenance contracts (PSMC). 
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This mode of contracting applies to cases where a comprehensive range of maintenance services are 

awarded to a single contractor. uistead of specifyiog what and when maintenance activities areio be 

performed, the contract stipuiates the desired performance on key outputs, such as  failure rates, 

availability, response time, and time for restoration of system interruption. It requires the contractor 

to inspect, measure, decide on priorities, design and impiement the work. Furthemore, the supplier 

aiso has to monitor and make adjustments to the impiementation to meet the required outputs. By 

allowing flexibility in achieving the desired outputs and providing performance-linked incentive, this 

approach encourages the supplier to invest in new technology and innovation to seek continuous 

improvement (Watson 1 998). 

Facilitator contracts are dso known as ~ e r m  lease confracfs. In this mode of contracting, the client 

is only the user ofthe physical assets owned and maintained by contractors. A long-term partnership 

relationship needs to be in place if the contractor has to provide assets constructed to meet the 

specific operational needs of the client- 

A fourth type of maintenance contract is management consultancy, in which a consultant is hired 

to provide management only services - specifiing the 'what', 'how' and 'when' of a wide range 

of maintenance services. These senices are delivered by independent service providers sourced and 

managed by the consultant on behdf of the client (Rafler 1998). 

The arms-length relationship of work package contracting is appropriate for short-term 

outsourcing, designed as a supplement of the client's in-house capability during periods of peak 

demand. If it is applied as a policy for long-term outsourcing, the practice is prone to wastage, 

inefficiency and duplicated effort. On the other hand, the approach of engaging a management 

contnctor under a fixed management fee, while absorbing al1 other costs associated with service 

delivery does not motivate the extemal service providers to apply innovative practices and make 



continuous improvement. 

PSMC is the preferred contracting policy for strategic outsourcing because of its potential of 

leveraging the contractor's knowledge and creativity to deliver optimal maintenance service The 

expenence of government agencies and state owned organizations in Australia which had outsourced 

their maintenance activities showed that more value can be obtained fiom this type of contract by 

incorporating the following features (Pyman 1998 and Watson 1 998): 

specifi performance measures linked to the client's business plan and regulatory requirements; 

the supplier's management staff and field technicians dedicated to the contract are located at 

the client's premises; the integration provides the benefits of an in-house workforce such as 

instant communication, minimal disputes, ownership of work, and system knowledge; 

contractor and client use the sarne maintenance management system for processing of both job 

and financial transactions; 

reward performance with contract extension; penalise persistent non-performance with 

temination of contract. 

The cooperative relationship engendered in this approach can significantly reduce the transaction 

costs of receiving maintenance services and information. This is because contracts focusing on 

demand side requirements (the desired maintenance performance), joint rewards, and information 

sharing are more flexible, less complex and less expensive to execute. 

Term Iease contracting offers the benefits of PSMC at a higher cost by taking the burden of capital 

investment off the outsourcing company. For assets already owned by the company, tramferring the 

ownership of these items to the maintenance contractor provides a source of cash infiision to the 

company. 

Frey and Schlosser (1993) specie the proper focus of strategic outsourcing. In the case of 

outsourcing maintenance senices, companies should focus more on enhancing business critical 



performance parameters rather than on reducing headcount, more on minimizing total cost than on 

minirnizing elemental costs, more on caphuing asset management kaowledge than on buying 

maintenance services, more on developing meaningfùi relationships with a few suppliers than on 

enlarging the supplier base. 

Managing the Risks of Outsourcing 

While outsourcing a whole range of maintenance services has the potential for signifiant benefits, 

it also exposes the company to the following risks (Quinn and Hilmer 1994 and Campbell 1995): 

Loss of criticai skills - The company can quickly lose its critical maintenance skills after the 

related services have been outsourced. It will be devastating if subsequently the contractor is 

found to lack the capability or cornmitment to perfonning up to expectations and a promising 

replacement carmot be identified promptly . 

Loss of cross-fùnctional communication - When complete or partial maintenance activities 

are outsourced, contacts between maintenance and other fünctions that interact with it tend to 

reduce, especially when the contractor is operating away fiom the company's site. The 

contractor's staff are seldom as prepared as in-house colleagues to go beyond their immediate 

remit and take the tirne to work out innovative solutions to problems encountered. 

Loss of control over a supplier - A contractor, after building up its expertise with the 

outsourcing company 's support, may decide to offer the acquired kno wledge to competitors. 

Apart fiom the above risks, there are other factors which render the expected benefits of outsourcing 

unattainable. These include: 

Shifs in the balance ofpwer  during the c o m c t  period - While managers are alert to the 

risks of outsourcing into a supply market with ody one, or very few, feasible suppliers, they 

often overlook the possibility that the balance of power may change during the p e n d  of a 

contract even in broader supply markets. Companies that have lost theumaintenance skills will 



be at the mercy of their service suppliers when the contractuai relationships are adversarial. 

Signals that demonstrate a contractor's dominance over the relationship include a decfine in 

responsiveness to requests, a decline in the quaiity of the work provided, and the replacement 

of the original contract team with one of an inferior grade. 

Employee morale - Most employees perceive outsourcing as a negative development. They 

have to face the uncertainties of radical changes such as new roles, new skills or, if they also 

consider the option of moving to an extemal service supplier, new organizations. Ernployee 

morale will suffer if these anxieties are not addressed by management in the early stage of the 

move (Lonsdale and Cox 1997). 

Hidden cosfi - Companies often underestimate the setup costs of outsourcing, including staff 

redeployment costs and longer-than-expected hand-off or parallel running costs, as well as the 

costs of contract management (Earl 1996). Excess charges are another form of hidden costs. 

They arise due to incomplete coverage of a contract - certain aspects of maintenance work 

are mistakenly believed to have k e n  covered in the scope of the contract. 

.-lccess to e-rternal talents - Contrary to cornrnon belief, access to extemal talents cm be 

limited. First, the outsourced work is often supported by the company's previous technical 

staff. Second, contractors often siphon talented employees to woo other accounts, and they 

prefer specific directions and rareiy initiate new strategies (Lacity et al. 1993). 

To avoid these risks, companies are advised to adopt measures listed below: 

(1)  Take care of the affected employees. The Company should inform its maintenance staff of the 

outsourcing decision as soon as possible, and provide them with outplacement service if 

neces sq  Typically, the contractor will hire some of the displaced employees on a trial basis 

to ensure continuity of service and knowledge in the transition period. 

(2) Avoid outsourcing contracts that are set in concrete. Incorporating variation clauses in the 



contract and specifying annual contract reviews are not foolproof and optimal approaches to 

dealing with uncertainties. A more effective way to hedge against uncertainty and ch*ge in 

outsourcing arrangements is to create a process of conflict resolution and problem solution for 

the inevitable uncertainties (Earl 1996). 

(3) Split maintenance requirements between two or more suppliers to establish a threat of 

competition (Lacity et al. 1995). The competition will be aggressive when the multiple 

contractors are roughly equdly efficient. In case only one supplier seeks a contract, the 

company can still encourage competition by maintainhg an option to perform some or d l  of 

the maintenance activities in-house (McMillan 1990). The potential contract covering those 

activities currently withheld fiom king outsowced serves as a carrot for g d  performance. 

(4) Insist the supplier to use a stable tearn for service delivery. If the company knows a trusted 

candidate, specie that person as the supplier's account manager in the contract. In addition, 

the suggested features of a performance specified maintenance contract (PSMC) mentioned 

earlier, as well as fiequent and close contact with contract employees al1 help to build 

partnering relationships with suppliers. 

( 5 )  Use three speciaiist teams in the contracting process. First is a contract negotiation team 

consisting of in-house technical experts with a deep understanding of the company's 

maintenance requirements. Second is a contract management team established to get the most 

out of maintenance contracts. The speciaiists on this team should be knowledgeable in the 

hired service providers, the users, and the contracts. They challenge suppliers when they are 

not meeting the terms of the contract, deal with disputes over the contract's interpretation, and 

determine penalties. The team also decides when users are asking too much or too little of 

suppliers. The third team consists of technical experts whose job is to monitor changing 

technology, changing business needs, and the changing capabilities of available maintenance 



contractors (Lacity et al. 1995). 

3.3. Organizaüon and Work Structuring 

The strategic decisions involved in the organizationai design and structuring of maintenance work 

incIude: plant specialization, workforce location, composition and flexibility of workforce. These 

decisions are made by taking into consideration factors such as workload characteristics, plant 

location, cost of unavailability, skiIls and knowledge required, production policy and human resource 

policy. 

In traditionai organizations, the structure is hierarchical and highly iùnctionalised: engineering is 

responsible for the design and procurement of new plant as well as modification of existing ones, 

production is responsible for operating the plant, and maintenance for maintaining it. Furthemore, 

the maintenance tradeforce is organized into highly specialised trades. This type of organizational 

design has the following problems which can result in poor operational efficiency: 

Low utilization of resources, because of the many small single-trade or single-shift 

maintenance and production groups - often manned up to the peak of a variable workload. 

The vertical and horizontal polarization within the structure is not conducive to organizational 

leaniing. For example, it becomes difficult to feedback maintenance information to aid the 

specification of new plant. 

It does not foster a sense of ownership of assets. 

The fine-grained demarcation of trades and ski11 levels creates an inflexibility which causes 

inefficiency in the planning and execution of those maintenance works that involve multi-trade 

tasks; 

High management cost due to an excess of hierarchical layers and functional positions. 

The type of maintenance work to be performed is an important factor affecting the design of 
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maintenance organizations. Maintenance work can be classified by its planning and scheduling 

characteristics as follows (Kelly 1997): 

First fine work - This type of work is performed on a daily basis. It consists maidy the 

emergency corrective work, jobs that have to be camed out immediately or with minimum 

delay due to safety or economic imperatives. Since these jobs occur randomly, they cannot be 

scheduled in advance. Simple deferred corrective jobs and fiequent preventive routines, suc h 

as minor replacements, inspection and lubrication, are also included as first line work to 

smooth out the fluctuating emergency workioad. 

Second line work- It consists of deferred corrective work involving jobs that usually take less 

than two days to complete and require relatively few tradesmen. Also included are minor 

reconditioning work as well as short or medium periodicity services and preventive work. This 

type of work can be prioritized, planned and scheduled in the long term. 

Third fine work - It comprises major shutdown, plant overhaul, capital projects and 

modifications. It creates peak loads at medium to long-term intervals. 

Clamp (1 996) proposes an alternative way to categorise maintenance work: 

Level I maintenance is performed to keep the plant ninning. It covers activities such as minor 

repairs, process testing, production scheduling and environmental control - the immediate 

support required by the production plant. These are first line work in Kelly's classification. 

Level2 maintenance covers those activities which produce significant changes to the condition 

of the plant, such as major component replacement and detailed inspection. It is in-situ work 

executed intermittentiy. 

Level 3 maintenance requires very special skills and facilities. It covers activities such as 

overhauls, reconditioning and plant modifications. These are third fine work in Keliy's 

categorization. 
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The pertinent organizational design issues for maintenance are discussed below: 

Plant Specialization 

This c m  range fiom a plant-flexible tradesman who is responsible to work on al1 plant to a plant- 

specialized one who only works in a specified area or on a particular type of plant. The advantages 

of plant specialization include improved work quality and faster response due to greater plant 

knowledge and sense of ownership. A stronger spirit of tearn-working with the plant operators can 

also be developed. However, this mode of organization wili face a major problem when the workload 

varies considerably fiom one plant-specidized group to another. In such case, labour utiiization will 

be lower because the workload cannot be balanced by exploiting labour mobility. 

Workforce Location 

Should the maintenance workshop be centralized or dispersed? Plant-flexible trade groups are 

usually located centrally or close to their designated area. When a particular type of equipment is 

used in widely scattered locations, such as cornpressors in a large oil field, roving trade groups may 

be employed to maintain such plant. The plant-specialized trade groups will obviously be located 

close to the plant they maintain. The main problem with decentralized plant-specialized groups is 

that it is difficult to achieve flexible labour movement between trade groups. 

Location of the tradeforce also depends on the type of maintenance work it performs. If fast 

response and deep knowledge of the plant are imperative, the responsibilities for first line (level 1) 

work, and for the necessary resources, are best shouldered locally, within each plant. Due to its 

specialist nature, third Iine (level 3) work is d l y  performed by a centralised unit located away 

fiom the plant. 

The knowledge and skills involved is another factor that determines how the maintenance fùnction 

is organized. If the work requires a new capability to be developed by the service provider, as in the 

case when power electronics is first introduced to replace electro-mechanical controls in a railway 



system, it is best done by a centraiised unit Apart from shnpliQing the management of the leaming 

process, the requisite expertise can be built up more quickly when al1 such work is channelled~to the 

central unit. M e r  ample experience and deep knowledge of the work have been acquired, deploying 

decentraiized units to provide the maintenance service becomes a feasible option. 

The degree of centraikition of the maintenance function can also be a function of asset life cycle. 

Consider a railway system, during the initial stage, most of  the activities are project oriented. 

Accordingly, only a small and centralized maintenance team would be required. When the system 

gradudly entered into full operation, h t h  the level of activities and the tradeforce of the 

maintenance function would increase, thereby driving the need for decentralization. As the system 

matures and the organization becomes more decentralizeà, effective communication and synergy will 

suffer. Through automation, some dispened activities can be performed centrally to improve 

performance. 

Workforce Specialization 

Trade specialization is a characteristic of traditional maintenance organizations. the drawbacks 

of which have been highlighted earlier. Where the work requires special skills and where the 

workload can be made relatively smooth, it is appropriate to adopt trade specialization. This situation 

can exist in the second line reconditioning workshop. However, it is more often to find maintenance 

work that requires a range of skills, although one ski11 is usually predominant. In such case, inter- 

trade flexibility is of paramount importance. This can be achieved by developing a multi-skilled 

tradeforce. However, making the transition fiom a highiy specialized structure to a flexible one is 

ofien a lengthy and expensive process because of the investrnent in training and the installation of 

the new structure 

Apart fiom introducing inter-trade flexibility within the maintenance tradeforce, there is another 

emerging trend in maintenance management - amalgamating the roles of plant operator and first 



line maintainer. The operator-maiotainer is trained to both operate the plant and do first line 

maintenance across al1 the traditional trades. An advanced fonn of this approach is autonomous 

maintenance, a key element of total productive maintenance (TPM) pioneered by the Japanese 

(Nakajima 1988). The concept, to be discussed m e r  in the next section, fosters the sense of plant 

ownership by developing the operator-maintainer to be involved in continuous irnprovement. 

Structuring of Maintenance Work 

Clamp (1 996) advocates that level2 and level3 work (defined earlier) should be organized around 

whole tasks. These could be significant fabrication work or overhauls of a particular type of plant 

items such as motors, pumps, or cornpressors. Workgroups with the resources to plan, do and 

evaluate these whole tasks in as self sufficient a way as possible need to be established. Each 

workgroup will have the responsibility of satisQing the customers of its particular senice. 

When the quantity of work does not justie setting up a separate workgroup for each of the 

identified whole tasks, it is necessaxy to aggregate the whole tasks into clusters whjch offer mutual 

benefit to the tasks and the assigned workgroup. The clustering can be determined by assessing 

strength of the relationships between tasks based on four factors: technology (skills, knowledge, and 

comrnon equipment required), infiormation (for planning, scheduling or modification), the interaction 

between one task and the other, and the degree to which the output of one task becomes the input 

to the other. For example, maintenance work on motors, gearboxes, and pumps can form a cluster. 

Each workgroup thus formed is a group of technicians with aggregate skills to tackle its whole tasks. 

The practice of work stmcturing tends to move organizations fiom ngid fùnctionalism towards 

task based structures. This makes it more important to have functional centres of responsibility to 

maintain plant standards. Each fùnctional centre of responsibility needs to determine the mandatory 

plant standard and ensure the long term training and career paths of the respective engineers and 

technicians. 



Yet another approach to solving the common maintenance problems is to make the engineering 

staff responsible for the plant and locating hem, to the extent practicable, next to the correspondhg 

production staff. The engineering staff become the plant owners, taking on the responsibilities of 

asset management. In some organizations, the asset management unit also embodies the hc t ional  

centres of responsibility mentioned above. 

Interface with Operations 

This issue is particularly relevant to level2 work because it is done in-situ. The appropriate degree 

of integration between operation and the maintenance support service can be determined by using 

a methodology cailed technology profiling which is based on the concepts of hard technology and 

sofi technology. Hard technology is reliable and stable. When the level2 maintenance work involves 

predominantly hard technology, such as the annuai maintenance of a toll bridge, the reiated support 

engineering can be organized separately fiom operation and the work handied by a separate 

maintenance unit. 

So!? technology, on the other hand, is insecure and evolving, as in the case of grand prix car 

racing. In such environment, engineering needs to be closely integrated with operation, and there is 

a strong case for professional, broadly skilled engineering to support the more complex, varied, 

flexible and changing process technology because the fiequent interactions (Clamp 1996). 

T eamworking 

Hierarchy and fiactionated tasks (a result of specialisation) are the design logic of traditional 

organizations. In this approach to organizational design, people are not expected to respond to 

unpredictable events. It works fine for stable environrnents, but is il1 suited in work situations with 

inherent uncertainties, as the case with maintenance work: the multiple possible locations of a fault, 

the variability in the extent of damage caused by a failure, and the differing windows of opportunities 

available for disruptive work to be performed on the plant. Self-managing teams (SMTs), which aim 



at leveraging and enhancing employees' capabilities, and cornmonly used in agriculture, in mining, 

and in construction, are better suited for such turbulent environments. Members in a self-managing 

tearn are responsible for both executing the task as well as monitoring and controlling their own 

performance. Each SMT needs to contain sufficient variety to match the range of its work tasks. It 

also needs the autonomy to adjust and reorganize its interna1 resources, skills and competencies in 

response to the changed neeûs of its work. With these design features, SMTs are immensely flexible 

and responsive, and members are highly satisfied in doing their work. 

Sociotechnical systems (STS) concepts (Taylor and Felten 1993) provide the theoretical basis for 

SMTs. The design principles for establishing SMTs as proposed by Kolodny and Stjernberg ( 1993) 

are sumrnarised as follows: 

. Tearn activities are task-oriented and designed with a strong performance focus. 

The team is organized to perform whole and integrated tasks. 

The team should have some autonomy (that is, control over many of its own administrative 

functions such as self planning, self evduation, and self regulation.) Furthemore, members 

should participate in the selection of new team members. 

Detailed specifications of tasks, procedures and methods are kept to minimum. Only those 

essentiai for information sharing with outside parties, for scheduling, or for coordination are 

established. Within the team, standards are arrived at through agreement on group n o m .  The 

flexibility allows the team to evolve and change as members grow and develop, and increase 

their competencies through multi-skilling. 

Multiple skills are valued. This encourages people to adapt to planned changes or occurrence 

of unanticipated events. 

Examples of successful SMTs and their critical success factors are reported by Hackman (1986b), 

KoIodny and Stjernberg ( 1993), Gcphart and VanBuren (1 996). Workgroups consisting of operator- 



maintainers introduced eariier, who are aiso empowered to manage their day-today activities with 

minimum direct supervision are SMTs with first line maintenance work in the portfolio of their 

responsibilities (Kelly 1997)- 

Introducing self-managing teams in an existing maintenance organimtion is a major undertaking 

with its pitfalls. A four-stage process for making the transformation is shown in Fig. 3.3. 

Self-managing teams do not exist in isolation. A support system must be in place to make them 

successfùl, as highlighted in some of the managerial work in the transformation process. The 

required support system for various strategic initiatives of maintenance management will be 

discussed in a subsequent section. 

Creating Fonning & Providing 
Preparation performance building the ongoing 

condition assistance 

Establishing and 
analysing the work to 
be done O 

Determining the 
authority the t e m  will 
have 
Assessing the costs, 
benefits, and feasibility 
of using a tearn to do 
the work 

Designing the team 
task 
Selecting team 
mem bcrs 
Providing contextual 
support 
Arranging for needed 
material resources 

Helping the team a 
establish its boundarïes 
Legitimizing and 
assisting with the task- 
redefmition process 
Assisting in the O 

development of group 
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roles 

Providing opportunities 
for the team 
renegotiate aspects of  
its performance 
situation 
Providing process 
assistance as n d b d  to 
promote positive tearn 
vnergy 
Providing oppominitits 
for the tcam to learn 
from its experiences 

Fig. 3.3 Stages of Managerial Work for Creating SMTs (Source: Hackman 1986a) 

3.4. Maintenance Methodology 

To keep a plant in running condition, it needs to receive primary care which includes routine 

sewicing such as clcaning, fùeting, lubricating, as well as periodic inspection and calibration. On 

top of these essential activities, policies have to be established to maintain plant availability. There 

are three basic approaches to maintenance: m-to-failure, preventive maintenance, and design 
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improvement. 

(1) Run-ro-failure ( R n )  - Only routine servicing is performed on the item until it fails: This 

can be justified when the impact of failure is inconsequential or the investment in preventive 

measures exceeds the expected bene fits of hproved reliability or higher availability . 

(2) Preventive maintenance ( P M )  - Items are reptaced or rehuned to good condition before 

failure occurs. The most common forxns of this policy are scheduled PM and condition-based 

maintenance (CBM), respectively. In the former approach, PM action is performed on the 

item at the scheduled time regardless of its actual condition. The schedule can be usage based 

or time driven. Since the schedule is often drawn up on the supplier's recommendation made 

with lirnited, if any, local knowledge of actual use conditions, or fiorn past experience, it is 

seldom optimal. PM schedules that minimize resource consumption or maximize availability 

can be determined through the use of quantitative decision models. Parameters featured in 

these rnodels are factual information such as time-to-failure distributions, costs of 

intervention (inspection, repair, or replacement), and the consequence of failure. Jardine 

(1  973) provides a wïde range of decision rnodels for PM policies. A survey of more recent 

work on PM models can be found in Tsang (1995). 

It is obvious that under the regime of scheduled PM some items may be over maintained, that 

is, replaced prematurely. However, if the condition of the item can be monitored continuously 

or intermittently it will be possible to carry out PM actions only when failure is judged to be 

imminent. This is the concept of CBM. Performance parameter analysis, vibration 

monitoring, thermography, oil analysis, and ferrography are some of the condition monitoring 

techniques that support CBM. Each of these methods is designed to detect a specific category 

of faults. For example, vibration monitoring can be deployed to detect Wear, imbalance, 

misalignment, loosened assemblies, or turbulence in a plant with rotational or reciprocating 



parts. An OR mode1 for optimizing replacement decisions which takes into account the 

information obtained fiom condition monitoring is provided by Makis and Jardine (1 992). 

(3 )  Design i~npmvernent - The design is modified to achieve one or more of these objectives: 

improve reliability, enhance maintainability, minimize maintenance resource requirements, 

and elirninate the need for routine servicing. 

Reliability Centred Maintenance 

The maintenance approach best suited to an item can be determined using the Reliability Centred 

Maintenance ( K M )  methodology. It provides a structure for determining the maintenance 

requirement of any physical asset in its operating context, with the primary objective of p r e s e ~ n g  

system fûnction cost effectively (Moubray 1997 and Smith 1993). Identification of system functions 

and functional failures, as well as failure mode and effects analysis are important elements in RCM. 

Performing these analyses on assets for the first time is labour intensive and tirne consurning. It 

requires the involvement of the operators and the maintainers. There are two reasons for such 

requirement. First, it draws on the opentors' intimate knowledge about the asset concerned. The 

involvement motivates the operators to use their resourcefulness to develop innovative ways of 

performing the PM tasks. Second, the collaboration nurtures a teamworking spirit between 

operations and maintenance, replacing the adversarial relationship commonly exists between the two 

parties. It is also part of the buy-in process - being an active collaborating party of the decision 

process, operations will be more ready to impiement the PM tasks they have to perform as 

deterrnined fiom the RCM exercise. Furthemore, the learning outcomes and communications 

outcomes of RCM studies will enhance the organization's intellectual assets. The knowledge and 

experience thus acquired are firmly locked up in the organization and they can be put to good use 

in creating value for future projects. 

Being a costly and lengthy process, RCM should be implemented selectively. Only complex and 



high risk systems' or those k i n g  grossly over maintained are Iikely to get benefits that just ie  the 

investment. One m e r  caveat: RCM can create anxiety in the workforce. The existing maintenance 

practices are challenged - some of the cument practices will be abandoned and new -ones 

introduced. With elimination of non-value addhg work on previously over-maintained assets, the 

workforce engaged in maintenance activities will be downsized. The prospect of job displacement 

is cornmonly perceived by employees as a threat to their job security. The challenge for them to learn 

new skills required by their new job requirements may also be threatening. Taking steps to allay 

these fears are key to successfirl implementation of RCM. 

Total Productive Maintenance 

RCM is an asset centred methodology with a pnmary focus on making decisions on the type of 

maintenance tasks to be used. Total Productive Maintenance (TPM), on the other hand, is a 

methodology with a vety different orientation - it focuses on people and is an integral part of Total 

Quality Management (TQM). The methodology was developed in Japan's manufacturing industries, 

initially with the aim to eliminate production losses due to machine breakdowns in Just-in-Time 

(JIT) production systems. TPM redefines the organization of maintenance work by applying the 

foilowing principles: 

Cultivate a sense of ownership in the operator by introducing autonomous operator 

maintenance - the operator takes responsibility for the primary care of his plant. The tasks 

invoived include cleaning, routine inspection, lubrication, adjustments, minor repairs, as well 

as cleanliness and tidiness of the operator's work space. 

Optimize the operator's skills and knowledge of his plant to maximize operating 

effectiveness. The operator is thus mobilized to detect early signs of wear, misadjustment, 

note oil leaks, e m t  chips, or loose parts. He is also involved in making improvement 

suggestions to eliminate the losses due to breakdowns or sub-optimal performance of the 



plant. 

Use cross-functional teams consisting of operators, maintainers, engineers and managers to 

improve people and equi pment performance. 

Establish a schedule of clean-up and preventive maintenance to extend the plant's life span 

and maximize its uptime. 

Being relieved of the primary care activities, the expertise of the maintenance department can be 

redeployed to focus on more specialised work such as major repairs, overhauls, tracking and 

improvement of plant performance, creation, replacement and modification of physical asset.. 

Instead of having to attend to nurnerous chores, it can devote its resources to address strategic issues 

like formulating maintenance policies, implementing maintenance information systems, scanning 

and introducing new maintenance technologies, training and development of the workforce in 

operations and maintenance. 

TPM is not a quick solution. It requires a change in employees' attitude and their values, which 

takes time to accomplish. Therefore. it demands long-term thinking and planning. Quick and 

company-wide performance gains should not be stressed in the initial stage. Senior managers must 

demonstrate their cornmitment to TPM by devoting time and allocating resources to create and 

sustain the cultural change and to provide necessary training to employees to achieve autonomous 

maintenance. Experience shows that planning and correct timing of moves are important. Full-scale 

implementation will be short-lived if it is not done afier a corresponding change in work culture. To 

limit uncertainty and enhance the chances of success in the initial stage, small-scale pilot projects 

should be conducted where quick and visible benefits can be expected. The experience gained fiom 

these pilot projects can also be used to fine-tune the subsequent fiill-scale implementation (Tsang 

and Chan 2000). 



3.5. Support Systems 

The strategic initiatives discweci above such as multi-skilling, inter-trade flexibility, outso&cing, 

RCM, TPM, redesign of  work processes and stnrctures ofien fail to deliver the expected benefits. 

The main reason for such failures is that new values, management behaviours, and new support 

systems, including information, training, performance management, and reward systems, that align 

with these initiatives were not in place when the change programs were implemented. 

Participation and Autonomy 

Employee empowerment is a core concept shared by the change prograns, with the expectation 

of creating interna1 commitment in employees. To get intemal commitment, management must 

involve employees in defïning work objectives, specifjhg how to achieve them, and setting stretch 

tugets. If employees have little control over their destinies, the organization only gets external 

cornmitment which is akin to contractual cornpliance. Many organizations believe that they have 

embraced empowerment in their change programs. However, in more cases than not, employees 

receive mixed messages in these prograrns. For example, in many change programs, al1 the steps 

involved have been precisely prescribed by the change agent (management). The mixed message 

employees get in these initiatives is "do your own thing - the way we tell you." With al1 actions and 

requirements defined extemally, the resulting behaviour cannot be empowenng and liberating. While 

autonomy should be a core concept of empowerment, management retains control through 

information systems, processes, and tools (Argyris 1998). Thus, employee participation and 

autonomy must be in place for empowerment to take root. 

Hierarchy and Communication 

Evolutionary psychology, the science which asserts that human beings retain the mentality of their 

Stone Age forebears, provides insights into human behaviour at work. Sorne of its findings that relate 

to hierarchy and communication in organizational settings are (Nicholson 1998): 



People tend to classify others into in-groups and out-groups. It explaias why some groups, 

such as operations and maintenance, within orgauhtions are so difficult to mix, an 

impediment to communication and organizational leaming. 

Bad news is heard fmt and loudest. 

People tend to be risk averse when stay in the comfort zone. They are more willing to take 

risks when dissatisfied with the statu quo. 

Informal communication networks exist throughout the organization and information passes 

through them rapidly. Having managers who wander around and ask questions can be an 

effective way to communicate, as long as it is done in a climate of trust and openness. Such 

informal practices also have the benefits of sending out positive signals and reinforcing 

official messages. 

Managers will do well to recognize the above innate tendencies of human beings when 

communicating with employees. This is particularly important on sensitive issues such as 

outsourcing, de-layering, restmcturing of work. Frarning the situation as a crisis looming on the 

horizon (losing cornpetitiveness due to high maintenance costs) and taking steps to address the 

expected anxieties of employees (no-layoff policy) are usetùl moves to get buy-in for change 

programs. 

In a culture that stresses participation and autonomy, the function of hierarchy is not control but 

support. Decisions on broad-based issues, such as irnplementation of RCM or introduction of a new 

reward system, are made after management has entered into a diaiogue with the affected employees. 

In their new roles, managers provide overall direction for the work that is clear and engaging. They 

also offer hands-on coaching and consultation to help employees avoid unnecessary tosses of effort, 

to increase task-relevant knowledge and skills, and to formulate uniquely appropnate performance 

strategies that generate synergistic process gains. They should also be responsive to requests fiom 



employees to ensure that the resourçes requkd for performance are available when needed 

(Hackman 1986b). Every complaint should be considered an opportunity for improvemerit, and 

people are encouraged to tuni  their cornplaints into improvement ideas, as managers at Toyda do 

(Maccoby 1997). Employee empowement can degenerate into exploitation if changes at the first 

level of management are not continuously reinforced by changes throughout the management 

hierarchy. Strong employee voice is needed to ensure that shopfloor concems are heard at al1 levels 

of management (Adler 1993). 

Education and Training 

Empowerment will degenerate into abandonment if employees fail to get the right tools, training 

on their use, and support in their implementation. Educational resources, which can include technical 

consultation as well as training, must be available and accessible to employees with identified needs. 

For instance, the specialists of  maintenance department are called upon to upgrade operators to 

operator-maintainers in TPM, or extemal consultants are hired to train members of the contract 

negotiation tearn and the contract management tearn for outsourcing of maintenance work. However, 

the training should not be limited to transfer of tecbnical skills and knowledge needed for optimal 

task performance. It should also cover generic matters like the business irnperatives peculiar to the 

organization (what determines the value of its product and services to customers), problem solving 

techniques, team dynamics and facilitation skills. The additional training managers receive addresses 

issues such as the new roles (leader, communicator, coach, resource providers) they perforrn in the 

change programs, and the new management behaviows that will align efforts and engender 

cornmitment towards organizational goals. 

Reward and Recognition 

According to evolutionary psychologists, the desire to obtaui status in organizational settings is 

human nature. Attempts to eliminate status through de-layering, or removal of status markers such 



as assigned parking space, will fmd new variations spMg up in their place. Instead of w o r k g  

against such human instincts, managers are advised to recognize and reward employees through 

status recognition (Nicholson 1998) in flexible ways. At N U M . ,  a GM joint venture with Toyota 

in Fremont, California, teamworking is the nom for getting work done. The culture is reinforced by 

promoting employees who teach and help othen to team leadership roles (Maccoby 1997). It should 

be realised that promotion cannot be used liberally to reward exemplary performance, especially in 

flat organizations. Therefore, fluid forms of recognition may need to be adopted. These include 

bonuses, perFormance awards, certificate of appreciation, and one-shot responsibitities such as 

leadership in a system commissioning task or a plant refùrbishment project. 

A wide variety of remuneration prograns that take into account factors other than rank, experience 

and length of service are king used in some progressive organizations. In the pay-for-ski11 program 

at hiass Transit Railway Corp., Hong Kong, maintenance trades persons are paid for acquiring and 

applying new skills and knowledge required by their jobs. Corning and Eastman Chernid have 

similar reward programs to develop their rnulti-skilled employees. Pay-for-performance and goal 

sharing prograrns award bonuses that are linked to group performance. For example, "Work-group 

Excellence" is a pay-for-performance program at Xerox which rewards the performance of a work 

team as a whole. Then, within each team, rewards are distributed on the basis of such factors as 

experience. In Coming's goal sharing program, 75% of each bonus dollar award is based on how 

well a business unit meets its objectives. The remaining 25% is based on Corning's return on equity. 

Al1 employees in the unit receive the sarne percent of base pay as a goal-sharing bonus (Gephart and 

VanB uren 1 996). 

If an organization stresses teamworking, the remuneration structure should promote teamwork 

rather than undermine it. From a study on two best practice organizations (Fel-Pro and Steelcase), 

Meimoun (1 995) identifies the following critical success factors for a reward and recognition system 



that encourages teamworking: 

Top management cornmitment to teamworking and the concept of team-based rewards and 

recognition. 

Management is available and visible. 

Employees are regarded as the organization's most valuable assets. 

Employees value empowerment and involvement as a form of reward and recognition. 

The organization relies on structured processes, policies, and documentation. 

A strong network is in place for vertical, horizontal, diagonal, intra-tearn, and inter-team 

communication. 

A performance measurement is in place. 

Employees participate in training. 

Argyris (1 998) cautions that offering employees the "nght" rewards alone is unlikely to produce 

sustained empowerment. The power of such methods wears off with use, creating dependency to 

maintain cornmitment. Trust, involvement and autonomy are the lasting ingredients that drive human 

energy and activate the human mind. 

Performance Measurement 

Performance is measured with reference to clearly defined objectives. Measuring maintenance 

performance in its totality is complicated because multiple interacting objectives are involved. Some 

of these aims af5ect each other in an inverse relationship. For example, ifprompter s e ~ c e  and faster 

response to service calls are desired, it may be necessary to employ more people in maintenance, 

have more strategically located sub-stores, and better communication and transportation methods. 

Such decisions will probably increase the cost per maintenance hour (Prie1 1974). One may argue 

that better service and lower maintenance costs can be achieved by reengineering the process of 

delivering maintenance services. However, major process innovations in a specific function such as 



maintenance do not occur continuously. In view of the complications, it becomes a common practice 

to measure individual aspects of maintenance performance: equipment (availability, reliabilityj, cost 

(O&M costs), process (scheduled cornpliance). 

The shortcomings of the maintenance performance measurement systems typically found in 

industry have k e n  discussed at length in the previous Chapter. The generic performance indicaton 

in cornmon use are usehl mainly to support operational control and benchmarking purposes. Given 

their retrospective and introspective perspectives, they are inappropriate to provide a holistic 

assessment of maintenance's performance. Furthemore, it does not provide information for 

predicting the unit's abifity to create future value needed to support business success of the 

organization. To achieve that purpose, performance measures that are linked to the espoused strategy 

of the maintenance function must be tracked. These are known as strategic measures. A process for 

managing maintenance performance from the strategic perspective has been presented in Chapter 

2. see Fig.2.6 on page 2-23. A core feature of the process is the Balanced Scorecard (BSC) which 

provides a balanced presentation of strategic performance measures around four perspectives: 

financial, customer, interna1 processes, learning and growth. Managers ofien find the strategy too 

abstract to guide them in making day-to-day decisions. By using the BSC, the strategy of the 

maintenance function is translated into something more tangible and actionable - long-rtin 

(strategic) objectives, the related performance measures and their targets, action plans. Clearly, the 

BSC is a powerfiil communication tool for providing a sharp focus on factors that are important to 

maintenance in making contributions to business success of the Company. It enables holistic 

assessment of unit performance and guards against sub-optimization because dl the key measures 

that collectively determine the total performance of maintenance are k i n g  monitored. 



Management Information Systems 

Managers formulate strategies, make decisions, and monitor progress against plans by collecting, 

retrieving, and analysing data. Management information systems should allow seamless flcw of 

information through the organization to support these managerial tasks. However, managers O fien 

find that their existing information systems do not communicate with each other and their operating 

practices are inconsistent. This is because these so cailed legacy systems were developed at diflerent 

times to serve their dedicated purposes with little, if any, due consideration for integration with other 

systems. 

The emergence ofenterprise systems (ES) -software packages with fiilly integrated moduIes for 

the major processes in the entire organization - offers the promise to integrate al1 the information 

flows in the organization with the following benefits: 

Replacing a large number of the legacy systems with an integrated one produces significant 

cost savings. It eliminates the expensive tasks of maintaining redundant data, tramferring data 

between incompatible systems, updating and debugging obsolete sofivare code. 

Managers c m  make informed decisions when data on multiple aspects of operations are 

readily available for anaiysis. If the financial-reporting system cannot talk with the 

maintenance management system, then optimal decisions on equipment replacement cannot 

be made with confidence. If the work order control system is incompatible with the inventory 

control and pwchasing systems, then maintenance jobs cannot be done eficiently when the 

critical spares are not available. Fragmentation of information is a cause of incoherent 

decisions. 

The decision to install a generic, off-the-sheIf ES has its pitfalls. Managers must consider the 

implications on their business imperatives. They should check whether the logic of the system is in 

conflict with the logic of the organintion's practices. The suitability of an ES should be detennined 



fiorn a strategic perspective. In other words, the enterprise should be stresseci, not the system 

(Davenport 1998). 

If maintenance is a significant funçtion in the organization, the ES should have modules 

supporting maintenance management. The required features in these modules include facilities for 

maintainhg equipment history, support for preventive maintenance, work order control, inventory 

control and purchasuig. Through integration with the other software modules that handle payroll, 

accounts payable, cost accounting, shop floor data collection, knowledge base diagnostics, etc., real- 

time decision support information c m  be retrieved by managers using user-fnendly interfaces. 

To leverage the benefits of enterprise systems that support maintenance, managers are advised to 

speciQ the following requirements in the software modules: 

To exploit the wealth of information embedded in their maintenance data, there should be 

fùnctions that support modelling of life time distributions, inspection or preventive 

maintenance schedules, or equipment replacement decisions. Without these decision support 

facilities, organizations are typicaily "data rich, but information poor"! 

0 If RCM is implemented, features that support the methodology are desirable. Support for 

documentation of Failure Mode, Effect & Cnticality Anaiysis (FMECA) is one such feature. 

The system can present performance results in a format specified by the user. If the balanced 

scorecard @SC) approach is in use, the system should be able to support it. In such case, the 

design should follow the logic of the process - strategic objectives are linked to their 

performance measures which, in tum, have their respective targets; the top level BSC is 

linked to lower level ones in a cascading manner. Navigating within the process should be 

done through a graphitai user interface (GUI). High level measures can be drilled down to 

reveal m e r  details provided by the lower level measures they summarise. Trending of data 

is another essentiai capability required. Furthemore, the idormation should be accessible in 
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real-the to al1 employees deemed to play a direct role in affecthg the performance tracked. 

If the organization has strategic partners in its logistics system, there are huge bene'fits in 

establishing direct electronic links with their software systems. If the inventory control, 

purchasing, and accounts payable modules can communicate seamlessly with their 

counterparts in the supplier, then provisioning of spares can be managed efficientiy with 

minimal human intervention and transactions can be processed with low error rates. If part 

of the maintenance service is outsourced, a direct link with the extemal supplier's system will 

shorten the elapsed tirne between the issue of job requests and response of the supplier. 

Tapping into the supplier's system aiso enables the user to monitor the supplier's performance 

in delivering the required maintenance services. This requirement suggests that the strategic 

partners need to be involved in establishing the system specifications and in system 

comrnissioning. 

3.6. Concfusion 

Four strategic dimensions of maintenance management - service delivery options, organhtional 

design, maintenance methodology, and support systems -have been discussed. The cntical decision 

areas in each of these dimensions are also examined. The two factors that permeate in these 

dimensions are human factors and information flow. An understanding of behaviour at work and the 

conditions for enhancing group effectiveness will produce better organizational designs that 

stimulate people's minds and create intemal cornmitment. Due consideration of these factors will 

also increase the chances of success in the change programs. These principles also apply to the 

design of interfaces with extemal partners - suppliers of equipment, spares, and maintenance 

services. The seamless flow of information is another enabler of exemplary performance. 

Information c m  influence people's behaviour when a performance management system with Iinkage 



to the espoused strategy and balanced assessrnent is in place. Impiementhg this system is a big 

challenge but the huge potential payoff wiii j e  the effort. 

Fig. 3.4 summarizes the key points discussed in this Chapter. 
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4. Design of the Investigation 

4.1. Introduction 

Research designs in organization studies c m  be broadly classified into qualitative research and 

quantitative research. A cornparison between these two research methods on seven dimensions is 

given in Figure 4.1 (Bryman 1989). 

Dimensions 

Aim of the research 

------------------------- 
Approach to collecting 
data ..................... 
Sources of data 

Contextual information 

1 Linkages among I 

Subjects' interpretation ~ 
of facts 

Researc her's 
involvement in the a 

organization 

Quaîitufive Research 

Mostly used to discover patterns 
and linkages of theoretical 
importance - to build theon'es, 
such as process rnodels 

Unstmctured 

Field notes fiom observations, 
interview transcripts, archival 
records, published documents, 
physical artifacts. 

Strong emphasis - respondent 
validation exercise 

The researcher adopts a stance of 
an insider to the organization. 

Mostly used to test hypotheses; 
sometirnes may atso be used for 
exploratory study 

- - - -  - - - - -  - 

Questionnaires are most commonly 
used; data gleaned from archival 
records, published documents and 
artifacts that are arnenable to 
categorization or quantitative 
measurement such as counting are 
a1so used. 

- - -  

Can only identi& static 
relationships; this limitation can be 
mitigated to a certain extent by the 
use of archiva1 data. 

Less emphasis 

- - - - - - - - - - -  - 

The researcher may have virtually 
no involvement in the organization 

Fig. 4.1 Cornparison Between Qualitative and Quantitative Research 

While qualitative research is often used in exploratory studies for theory building, the typical 

objective of quantitative research is to test hypotheses denved fiom a theoretical framework, Content 

analysis of documents and study of artifacts can be utilized to obtain data for both types of research. 



However, they are seldom used as primary sources of data in organization studies. The major source 

of data in quantitative research typically cornes fiom questionnaire nirveys. On the other hanci, 

qualitative research commonly uses the case study approach which utilizes observations and 

interviews to generate data that are rich in contextual idonnation. Bryman (1 989: 173) cautions that 

the aim of case studies is not to uifer the findings fiom a sample to a population, but to engender 

patterns and linkages of theoretical importance. Yin (1 994) argues that the case snidy approach is 

preferred when the "how's" or "why's" are asked, and the focus is on contemporary phenomena in 

which case the researcher has little control over events. The- strengths and weaknesses of theory 

building tiom case studies as well as the roadmap for building theories fiom case study research are 

presented by Eisenhardt (1 989). 

Literature Review 
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of major stakeholders and 
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Advise collaborating 
organization on 

implementation of its 
performance 

management system 

+ IdentiQ collaborating 
organizations 

Fig. 4.2 The Three-Phase Research Methodology 
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4.2. The Research Methodology 

Fig. 4.2 outlines the three-phase methodology used in this research project. 

Phase I 

Phase 1 involved the collection of background information about maintenance performance 

management in the target population. Both literature review and interviews were employed to gather 

the relevant data. The literatuï-e review, presented in Chapter 3, surveyed the theoretical work on the 

issue that has been reported in the literature so far. Data on current practices of maintenance 

performance management were collected through serni-stnictured interviews conducted in the period 

fiom July 1996 to December 1997. These interviews were made during field visits to eighr 

organizations listed below: 

Organization Industry Location 

Hong Kong Aircrafi Engineering Co. 

Motorola Semiconductors (Hong Kong) 

Shelt Hong Kong 

ASM Pacific Technology 

Housing Department, Hong Kong Housing 
Authonty 

Molson Breweries 

Lever Pond's 

Aircraft maintenance 

Semiconductors assembly 

Petrochem ical oil terminal 

Precision machines 
manu fac turing 

Property development & 
reai estate management 

Steel making 

Beer brewing 

Consumer products 

Hong Kong 

Hong Kong 

Hong Kong 

Hong Kong 

Hong Kong 

Hamilton, Ontario 

Etobicoke, Ontario 

Toronto, Ontario 
manu fac turing 

Fig. 4.3 Organizations Covered in the Field Visits in Phase 1 

These organizations represent a cross section of industries operating with significant maintenance 

budgets. By including organizations in Hong Kong and Canada in the sarnple, the comrnonalities and 

differences, if any, between maintenance performance management practices in these two places can 

be identified. 

D U X X 3 \ ï ï i E S l ~ .  Mcthodwpd 



Interviews instead of questionnaire surveys were used to collect field data in this phase because 

the inquiry was at t h e  exploraîory stage, and there were no hypotheses to be tested. 

Phase Il 

Building on the findings of Phase 1, a framework for maintenance performance management based 

on a holistic approach to measurement was formulated in Phase II. The core element in the approach 

is the Balanced Scorewd (BSC), a performance measurement tool proposed by Kaplan and Norton 

in their semind paper (Kaplan and Norton 1992). Being an innovation in maintenance management, 

the framework and its underlying theory had to be introduced to managers and professionals in the 

field. This was done by the researcher who presented the approach in a number of executive 

development programs on maintenance management offered by The Hong Kong Polytechnic 

University in 1997 and 1998. A paper on the subject was also published in an international journal 

(Tsang 1 998a). 

As suggested by the saying, "the proof of the pudding is in the eathg", the new approach has to 

be put into practice to gather evidence for vaiidating its underlying logic. Introducing the change is 

a major undertaking. Tt involves a paradigm shifi in recogniung the strategic role of performance 

measurement. Other parts of the organizational infrastructure, such as management information, 

resource allocation, reward and recognition systems, may also require to be overhauled to support 

the new measurement systern. Evidently, such a transformation progra.cn needs to be driven from the 

top. Furthemore, the efforts invested in focusing the new measurement system on the maintenance 

h c t i o n  are more likely to be justified in capital intensive organizations. 

Target organizations were identified and approached by the researcher to explore the pssibility 

of getting them involved as collaborating parties in this inquiry . To get their collaboration, the senior 

management of the targeted organizations had to be convinced about the merits of the new system. 

Two maintenance organizations in Hong Kong agreed to take part as collaborating parties in this 



research project. The frrst collaborator was the Asset Management Department of Power Systems 

Business Group (PSBG) of CLP Power, a vertically integrated utility Company serving 1.76 million 

electricity customers in Hong Kong. W.L. Brown, Chief Engineer of Asset Management was the 

sponsor of the investigation in CLP Power. The second collaborator was the Operations Engineering 

Department (OED) of Mass Transit Railway Corporation, an urban railway system providing public 

transportation services to over 2 million commuters on an average weekday. Y.K. Chan, Quality & 

Standards Manager of OED, was the sponsor of the inquiry in MTRC. To gain the trust and support 

of these organizations, they were given assurance that they would have a chance to read draft papers 

of case studies about them before publication to check for accuracy and confidentiality. Should 

reference to sensitive information is absoiutely necessary in a publication, the identity of the 

organization would be disguised. 

To obtain information on the current practices ofperformance management in tocai organizations, 

a questionnaire s w e y  on the issue was also conducted in early 1999. Participants of an executive 

development program offered by The Hong Kong Polytechnic University were polled. These 

participants were senior executives or professional staff representing a wide range of industries in 

Hong Kong. The survey instrument was designed on the basis of the preliminary findings of Phase 

1, and it had been tested and improved before k i n g  used in the survey. 

Phase III 

The action reseamh methodology was adopted in this phase of the research. Action research is 

basically a consensual approach to inquiry and works from the assumption that cooperation and 

consensus making should be the prirnary orientation of research activity. Stringer (1996) 

characterizes action research as processes that: 

are rigorously empirical and reflective; 

engage people who have traditionally been called ccsubjects" as active participants in the 
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research process, and 

result in some practical outcome to the lives or work of the participants. 

Stringer also defines the role of the researcher in action research as a catalyst to stimulate people 

to change. The essence of the work is process rather than the result achieved. The key is to enable 

people to develop their own analysis of their issues. The research will analyze the situation, change 

what they do not like, examine several courses of action and the probable results or consequences 

of each option. The stakeholding groups are the primary focus of attention and source of decision 

making. AAer a plan has k e n  chosen, the researcher's role is to assist in implementing the plan by 

raising issues and possible weaknesses and by helping to locate resources. The researcher does not 

focus only on solutions to problems but also on human development. The responsibility for a 

project's success lies with the people. Thus, the workuig principles of action research are focused 

on: relationships, conununication, participation, and inclusion (Stringer 1996:38). 

In the first stage of the action research, Company documents were studied to obtain information 

about the host organization's mission, vision, its organization structure, management systerns, 

strategies, initiatives and performance measures. Next, representatives of the major stakeholders of 

the maintenance function - senior management, staffunits and operating units of the maintenance 

organization - were interviewed individually to collect their views on the performance 

measurement system currently in place in the organization. These semi-structured interviews 

typically focused on the following areas: 

Interviewee's role in the maintenance operation. 

Existing practice of maintenance s e ~ c e d  by the interviewee's unit. 

Key result areas and major initiatives of the interviewee's unit. 

Existing practice of performance management 

At the end of each interview, the researcher also took the opportunity to brief the interviewee on 



the strategic approach to managing maintenance performance as outlined in a paper he authored 

(Tsang 1998a). Another effort made by the researcher to promote awareness and enhance 

understanding of the new approach in the host organizations included giving three presentations on 

"Measuring Maintenance Performance Using Balanced Scorecards". The audiences of these 

presentations were: 

Managers and engineers of the operating units, and executives of the finance unit in the 

Power Systems Business Group (PSBG) of CLP Power. 

Managers, engineers and professionai staff of the Operations Engineering Department 

(OED), MTRC. 

Mernbers of the OED Senior Management Group, MTRC 

Each of these presentations generated much interest in the audience as judged by the enthusiastic 

discussion and probing questions raised during the ensuing Q&A session. 

For each host organization, findings of the one-on-one interviews were shared with the champion 

of the change initiative. Serving as the facilitator ofthe initiative, the researcher followed this up by 

a series of meetings ~4th the champion or his deputies to exchange ideas and discuss various issues 

relating to the design and application of Balanced Scorecards as performance management tool in 

the host organization. The issues covered in these discussions included: 

Strategic issues identified by the host organization and the major initiatives developed to 

neutralize the perceived threats or exploit the envisaged opportunities. 

Performance measures to be featured in the Balanced Scorecards. 

Setting of stretch (5-year) targets for performance measures in the Balanced Scorecards. 

Validation of the causal relationships between action plans and their expected outcome. 

Analysis and presentation of performance data. 

Cascading higher level Balanced Scorecards to lower level ones. 



The two collaborating organizations were at different stages of the change process, with MTRC 

at an advanced stage of implernenting Balanced Scorecards in its maintenance operatiom. The extent 

to whic h MTRC ' s Balanced Scorecard application had achieved its desired transformation- was 

assessed by polling the managers involved through a questionnaire survey. The instrument used in 

this survey was a customized version of the one emptoyed in the Phase II survey described earlier. 

Finally, generalizations from the action research conducted in the two collaborating organizations 

are made to address the focus areas of this research project, which include: 

Lessons learned fiom the change initiatives at CLP Power and MTRC. 

A framework for determining a prefered approach to managing maintenance performance. 

A mode1 for managing performance of world-class maintenance organizations. 



5. Current Practices of Maintenance Performance 
Management 

5.1. Introduction 

This chapter presents the findings o f  field work in Phase 1 of the study, shedding light on the 

current practices of  performance management in eight maintenance organizations operating in Hong 

Kong and Canada, One or more visits were made to each of these organizations during the period 

from July 1996 to December 1997. The representatives of the host organizations who were the 

principal informants of the case studies as well as the dates of these visits are listed in Fig. 5.1 below: 

Organuation Principal In formanr(s) 

Motorola Semiconductors CL. K o  (Equipment Engineer), 
Semiconductors assembly Ray Fung (Senior Rocesd Equipment 
Hong Kong Engineer) ------------------------------------- ------------------------------------ J 
ASM Pacific Technology P-K. Chan (Maintenance Manager, Sha 
Precision machines manufacturing Tau Kok Plant) 
Shentfien, China -------------------------------------- --------------------------------- 
Housing Department Galvin E. Kitson (Senior Quality 
P roperty doelopment & real esrate mgr. Coordinator) 
Hong Kong 

1 Sran Reid (Production Manager) 1 
Consumer Products rnamfacturing I 

Toronto, Ontario, Canada 
I 

Date(.$ of Cruid 

July 1996 

August 1996 & 
June 1997 

Fig. 5.1 Field Work in Phase 1 - Principal Informants and Dates o f  Visits 
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The curent practice ofeach sampled organization will be explained individually. Generalizations 

that can be derived fiom the findings in the sampled organizations are discussed at the end of this 

chapter. 

5.2. Hong Kong Aircraft Engineering (HAECO) 

HAECO provides aircraft maintenance services in Hong Kong's International Airport. These 

services can be broadly classified into base maintenance and line maintenance activities. Base 

maintenance services are work perfonned on equipment that has k e n  removed fiom service, such 

as repair, overhaul, and refurbishment ofaircrafk or its subsystems (airframe, engines, cabin interior). 

These are jobs camed out in the hangar or in the workshop. Line maintenance, on the other hand, 

refers to engineering services rendered to prepare aircraft for the next flight, and to suppr t  ground 

services equipment on the airfield. 

The researcher visited the Equipment Maintenance Section in July 1996. The Section is in the 

Ground Services Department of the Line Maintenance Division. It offers maintenance services to 

Ground Support Equipment (GSE), which are speciaiized vehicles such as those that provide aircraft 

tvith electricity and air conditioning while it is on the ground. The Section also manages the 

maintenance and servicing of transportation vehicles, which are known as  general vehicles at 

HAECO. The company has a fleet of about 3 10 vehicles, about 50% of which are general vehicles 

and the rest are GSE. Maintenance and overhaui of general vehicles are outsourced. The 

management of such outsourced work is handled by the Planning Unit of the Section. 

Routine servicing of  vehicles is perfomed by user departrnents, using check sheets developed by 

Facilities & Development, the Department that provides engineering support to the rest of the 

company. For hoists and heavy material handling equipment, starters, and haul trucks, routine 

monitoring and overhaul are performed by centralized crews in the Facilities & Deveiopment 



Department. The Maintenance Section has a garage to provide preventive maintenance services on 

GSE, such as minor check, major check, annual inspection, refurbishment and overhaul. Major 

checks and refirrbishment include load tests when the equipment is safety or production critical. 

Examples ofthese critical items are Ground Power Unit, Air Start Unit, and Aircrafi Towing Tractor. 

Breakdown of these equipment while in service may damage the aircrafi engine, or it rnay block the 

runway. Furthemore, removing such heavy and irnmobilized equipment is a senous problem. 

The Maintenance Section also conducts random patrol inspection on vehicle/equipment which is 

in service. Readings taken fiom the equiprnent's instrumentation, noise, evidence of leakage, and 

exhaust fiom the engine are sources of information to judge condition of the equipment. 

Apart from monitoring the commonly used hancial and productivity indicators that relate to its 

operations, the Maintenance Section also tracks the following performance indicators by vehicle 

type: 

Serviceability, which is defined as the ratio of avaitable time to elapsed clock tirne, Available 

time is dock time less downtime. The latter can be caused by planned maintenance, 

breakdown maintenance, modifications, non-routine (damage) repairs, or unavailability of 

spares. 

Number of breakdowns. 

The common problems of the Maintenance Section include: 

iieavy utilization of GSE. Thus, sometimes the user department is reluctant to release hem 

for preventive maintenance. 

Some spares are expensive and HAECO is the only user in Hong Kong. Economic 

consideration and space constraints lirnit the quantity of spares that can be kept by the 

Company. The equipment suppliers dso  do not keep local stock of inkquently used and 

expensive spares. If needed, such items will have to be shipped by air fieight and the lead 
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time can be as long as 45 days. The Service Exchange Progrum has been established to 

improve the situation. Under this program, items that can be repaired by the supplier will 

trade for a refùrbished one kept l o d l y  by the vendor. 

The craftsmanship of tradesmen has been degrading in recent years. 

At HAECO, performance of the maintenance fhction is not rneaswed at the strategic level. The 

performance measures k i n g  tracked are either equipment based or used largely for operational 

management, Le., cost control of the maintenance operations, They are not linked to issues or 

initiatives that are critical to support performance excellence of production operations, which include 

âircraft maintenance and provision of ground services on the airfield. 

5.3. Motorola Semiconductors. Hong Kong Manufachiring Plant 

Motorola Semiconductors Hong Kong manufactures serniconductor devices for the automotive, 

telecornmunications, and electrical appliances industries. It has fully automatic facitities for assembly 

of semiconductor devices from wafers. The production processes take place in a clean room 

environment to ensure quality of the finished products. 

In July 1996, the researcher visited its production site at Taipo Silicone Harbour, Hong Kong and 

interviewed the two informants (listed in Fig. 5.1) who were equipment engineers in the Automatic 

Assembly Division. The Silicone Harbour plant adopts the team-based management concept. Each 

manufacturing cell has a team of Technical Assistants (TAS) managed by an appointed leader. It has 

introduced Total Productive Maintenance (TPM) in its production departments. Routine s e ~ c i n g ,  

trouble shooting, and preventive maintenance of production equipment are Production's 

responsibility. Specialists (process engineers, equipment engineers, and equipment maintenance 

technicians) are deployed to handle design improvernent, overhaub and trouble shooting. Plant 

facilities, such as environmental control equipment, utilities (water, electricity), nitrogen and 
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compressed air supply systems, are maintained by the centralized crew in the Facility Department. 

While the equipment register and maintenance records are kept on paper, such data are noimally 

not used for model-driven analyses that support maintenance decisions. 

The Company employs a number of recognition programs to encourage teamwork. In one such 

program, performance of a production team is assessed on the basis of six criteria: attainment of the 

output goal, cycle time, yield, attendance, 5s performance, and customer complaints. The weights, 

goals and assessment methods are reviewed semi-annually by the Production Manager in 

consultation ~ 4 t h  equipment engineers, process engineers and the Production Supervisor. Team 

performance is assessed at monthly intervals. The team with the highest score will get a Snraii Win. 

The best performing team in a quarter will be the Quarrier Winner. Team members of the monttily 

~vinner and quarterly winner will receive coupons that can be used to trade for items from a gift 

catalog. Wimer of the year will receive a medal and souvenirs. 

In another prograrn, the corporate performance is tracked at monthly intervals. Five performance 

indicators are used for the assessment, covering productivity, quality, on-tirne delivery, order 

booking, and billing. The results are posted up in the cafeteria for everyone to see. When the 

aggregate score of the assessment exceeds a threshold (80%), every employee will be treated to a 

shark's fin feast. 

The Automatic Assembly operation has heavy investment in production equipment. Thus, its 

production departments operate round the clock so as to maximize asset utilization. With the 

integration of production and maintenance through TPM implementation, the Automatic Assembly 

Division measures i ts maintenance performance using primarii y equipment based indicators. The 

key measures are up-tirne and mean-time-between-assists ' (MTE3A). The other dimensions of 

1 An "assist" is an event that requires operator intervention to bring the machine back 
to normal operation. The fault may be due to machine malfûnction, or problem with 
the material to be processed. 



maintenance performance, such as financial and productivity, are not separately tracked because they 

are merged with those of production. 

5.4. Shell Hong Kong 

Shell has an oil and petrochemicals terminal in Hong Kong. Spanning an area of about 16 

hectares, the terminal functions as an intermediate storage and distribution centre for refmery 

products serving customers throughout Hong Kong and Southern China. It also has production 

activity for blending of lubricants f?om bulk refinery feeds and additives. The installation consists 

of various types of purpose built structures including fbel and chernical tank farms, dangerous goods 

blending. storage and filling plant, bitumen plant and bitumen tank farm, bulk vehicle loading gantry, 

and jenies. 

The Terminal's plant and equipment mut be strictly maintained to satisQ statutory regulations, 

corporate requirements, and the needs of Opentions (the users) with respect to operational service 

and safety. Shell reiies heavily on contractors to maintain its physical assets in the Terminal. Planned 

maintenance of instrumentation, plant, and civil works are performed by contractors specialized in 

these tasks- There are, however, a good nurnber of ad hoc requests for maintenance and repair works 

that must be attended to every week. These jobs are assigned to contractors or in-house maintenance 

personnel. 

Gary Chan, Senior Engineer of the Engineering Department, is responsible for managing 

maintenance operations in the Terminal. According to him, direct maintenance costs in 1996, the 

year when the researcher visited the installation, accounted for 12% of the terminal's total operating 

costs. The percentage would be much higher when the hidden or consequential costs (loss of 

production, lowered efficiency, higher energy costs, process loss, demurrage, penalty for 

environmentai damage, etc.) were also taken into account. A benchmarking exercise in 1994 showed 



that the maintenance costs of a nurnber of the terminai's operations were much higher than those of 

similar installations elsewhere within the Shell Group of companies. This triggered the compziny to 

review its contracting strategies, search for industry best practices, new technologies- and 

methodologies to reduce maintenance costs and improve maintenance performance (Chan 1997). The 

initiatives being pursued to enhance maintenance performance at the tirne of the visit included: 

Replacement of the out-dated computerized maintenance management information system 

by a full-fùnction integrated one that runs under clientlsenter Windows based environments. 

Review of contracting strategies and the practices of managing external service providers. 

Reliability-centred maintenance pilot studies. 

Introduction of Total Productive Maintenance. 

The performance measures in use at the Terminal were not linked to any of these initiatives. 

Despite the significant role played by contractors in maintenance, their performance is monitored 

by the company using "hours per job" as the performance measure. The Senior Maintenance 

Engineer agreed that his maintenance performance measurement system needed to be reviewed to 

enhance its impact on business performance of the Terminai. 

5.5. ASM Pacific Tec hnology 

ASM is a major supplier of semiconductor assembly equipment for the world-wide market. The 

range of equipment it manufactures include die and wire bonders, auto-moulding systems, and trim 

form systems. The company also produces lead &es for serniconductor products. It has production 

sites in Hong Kong, Shenzhen (the city in China next to Hong Kong), and Singapore. 

The researcher visited the Shenzhen operation, known as the Sha Tau Kok (STK) Plant, in July 

1996. He also interviewed P.K. Chan, the Plant's Maintenance Manager. The STK Plant has a total 

workforce of about 2,000 employees, about 30 of them are in the Maintenance Department managed 



by Chan. The team in the Maintenance Department is responsible for p e r f o d g  machine overhauls, 

preventive maintenance and corrective maintenance activities on plant facilities and production 

equipment. These assets include state-of-the-art automated equipment such as flexible manufacturing 

systems (FMS), CNC machining centres, precision grinding machines, EDM and -ire-cut machines. 

Maintenance work in the Plant is largely done by the in-house team, the equipment supplier will be 

asked to provide specialist service only if such expertise is not available in the Plant. 

Instead of focusing exclusively on the technological aspects of maintenance operations, the Plant 

introduced TPM in 1995 to address the human dimension of maintenance management. The attitudes 

and behaviour of workers in China mainiand are characterized as king passive, undisciplined, risk 

averse, evasive in taking new responsibilities, highly sensitive to peer judgement, and driven by 

short-terni rewards and instant gratification. The attempt to mobilize such machine operators to play 

an active role in performing preventive maintenance tasks on production equipment is a major 

challenge. Chan is the champion of this transformation process. The experience of introducing TPM 

to the Plant is reported in Tsang and Chan (1997). Two of the methods that have been used to 

motivate employees to practice TPM are: 

Auditing the practice of TPM in production departments, and displaying the weekly audit 

reports on TPM notice boards. 

Giving recognition to departments that had successfully implemented TPM. This could be 

made in Company events or during meetings. 

The rneasures to track overall maintenance performance at the Plant are entirely equipment based 

- equipment availability and number of shut downs. Other rneasures such as operation efficiency 

and rate of quality are not tracked because Chan considers that these other rneasures depend on 

inputs fiom departments other than Maintenance. 
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5.6. Housing Department 

The Housing Department is the executive ami of the Hong Kong Housing Authority (HA), a 

statutory body responsible for implementing the majority of Hong Kong's public housing programs. 

At the time of the visit, December 1997, the Authority had developed 660,000 leased flats plus 

200,000 units under the Home Ownership Scheme. These together housed about one half of Hong 

Kong's population. The responsibilities of Housing Departrnent include, among other things, 

construction, improvernent, maintenance, and estate management ofthe Authority 's rental properties. 

It also manages community faciiities in housing estates developed by the Authority. These facilities 

inchde 1 -6 million square metres of commercial and business space. 

The implementation of al1 construction, improvement and maintenance works are outso.wed. The 

Department's function in maintenance of the Authority's physical assets is to  provide the related 

professional services. These include survey and appraisal services, providing technical feedback to 

the design team, making proposals on major refürbishrnent and improvement programs, 

documentation of contract work, inspection and acceptance of contract work, vetting and approval 

of fitting-out of commercial properties. 

The Departrnent has launched a number of initiatives to meet the rising expectations of the 

cornmunity due to continuous economic growth and recent political developrnents in the city. 

Exarnples of such initiatives as stated in the Authority's Annuai Report for 1996/97 include: 

... a Management Transformation Program was launched (in 1996) to enhance the quality 

and cost-eflectiveness of maintenance services, operutional e fficiency and to maximize 

ufilizafion of resources. These initiatives include the implementation ofnew strategies for 

maintenance work focusing on services standarh and cwomer satisfaction, re-engineering 

of business processes, as well as reorganization of maintenance finctions. Standardization 

of mefhodology, specijications and contract documentation ensure consistency, while the 

January 2000 



development and implementation of the Maintenance Informaiion and Drawing Management 

Systems facilitate better management in these areas. The establishment offoocus groups with 

nzaintenance contractors has also encouraged cornmirment andparrnership in these areas. 

(HKHA 1997) 

To ensure the maintenance contractors are able to deliver high quality services, the Department 

uses a Maintenance Assessrnent Scoring System (MASS) to evduate the performance and 

capabilities of these contractors. Two aspects of performance are assessed: work assessment which 

takes into account the contractual obligations on site and q d i t y  of works, and the management 

assessment which evaluates the quality and effectiveness of the contractor's management in fiilfilhg 

their contractual obligations. The operation of a reward system offering preferential tendering 

opportunities to good perforrners, provides powerful incentives for quality achievement- 

On a broader front of providing a master plan for various reform initiatives, the Department 

Iaunched the corporate-wide Management Enhancement Program or MEP in early 1997. The 

prograrn aims to achieve greater cohesiveness and clearer focus for the Department's various 

activities. Corporate vision and mission, as well as the three Core Values - Caring, Customer- 

focused, and Committed - were identified. Under the program, reform and improvement initiatives 

have been identified and developed by cross-functional teams. On-going training of staff is also 

ernphasized to redirect focus fiom an inward-looking body to a people-oriented and customer 

focused organization. A series of workshops and orientation programs have k e n  launched to 

promote key management practices and behaviours that will support the Core Values, and to obtain 

staffs buy-in to the process. On human resource management, a competency-based performance 

management and development system was king developed. Core-competency profiles for various 

jobs have been drawn up to provide a b e w o r k  for recmitment, performance management, staff 

training and development. 



According to Galvin Kitson, the Senior Quality Coordinator responsible for quality management 

of the Department's maintenance functions, the measures of corporate performance in use at the time 

of the visit were primarily related to inputs and volume. As far as maintenance performance is 

concerned, the performance measures used include: 

Financial indicators, such as budget cornpliance. 

hdicators related to service standards, such as process tirne, response time. 

0 Equipment-based indicators, such as rate of breakdowas. 

Kitson agreed that ideally, the key performance indicators in use should be linked to the 

organization's espoused strategies, and be able to assess the cost-effectiveness of the related 

initiatives. 

5.7. Dofasco 

Dofasco is one of Canada's largest steel producers, serving customers throughout North America 

with high quality flat rolled steels fiom facilities in both Canada and the U.S. The company's 

advanced steel making facilities in Hamilton, Ontario are capable of producing about four million 

tons per year of hot-rolled, cold-rolled, galvanized, tin-plated, chromium-coated, and pre-painted 

steels. These steel products are sold to customers in the automotive, construction, energy, 

manufacturing, pipe and tube, appliance, container and steel distribution industries. The Hamilton 

operations have continually outperfomed al1 other integrated steelmakers, currently generate greater 

earnings before interest and taxes (EBIT) par shipped ton thaa most mini-mills (Dofasco 1997). 

The researcher visited the Hamilton Plant twice: in August 1996 and June 1997. In both occasions, 

he met with R.R. Gagnon, Maintenance Manager of Material Handling Senices ( M I S ) ,  and bis 

colleagues to understand the company's maintenance pefiomance management practices. MHS 

operate and maintain heavy material handling equipment (e.g., bridge cranes), railway equipment, 



process equipment (e.g,, conveyors), trucks, miscellaneous plant and mobile equipment. 

In January 1997, the Hamilton Plant started to adopt a sînictured methodology to manage the 

maintenance performance of its hlIIS and the operations (production) units. Selected workers, 

planners, and supervisors were involved in developing the performance measurement system which 

would meet the following objectives: 

Establish priorities and direction to monitor Maintenance Effeçtiveness that serve customer 

needs; 

Monitor interna1 and extemal costs; 

Establish a simple means for communicating performance results to intemal and external 

customers using graphies; 

Provide direction for training requirements and personal development. 

Developing the Performance Management System 

There are three steps in the process. Step one is expectation adys is .  It is to identi6 extemal and 

intemal customers' expectations and translate them into goals of the Maintenance Department. For 

exampl e, the Business Unit @ G I S )  expectation of "reducing generation of coke breeze on by-passed 

coke by 50% in 12 months" is translated into the Maintenance Department goals of "reducing 

premature failures by x % in 12 months" and "instituting quality control on maintenance work". 

These goals are related to the "Quality" dimension of maintenance outputs. There are goals that 

relate to other dimensions of maintenance outputs. These other dimensions are: "impact on 

production throughput", "customer service", "employee development", 'equipment improvement", 

"financial", and "safety". 

In step two, the maintenance goals are tramlated into maintenuice excellence requirements against 

the six tasks of the maintenance function: work identification, planning, scheduling, execution, 



foltow-up, analysis. The action plans for each of these six t;isks are then formulated. 

In step three, performance measwes on  attainment of maintenance goals and excellence 

requirements are identified. These measures for MHS - Lifting Equipment Repair identified in the 

pilot project are listed in Fig. 5.2 below. 

Dimensions of Maintenance Oueut Goal Measures 

......... Quality of maintenance work Number of failures in critical assets 

1 Impact on throughput ............... Availability of critical assets 

.................. l Customer service % time critical assets met availability targets 

............. I Employee development % employees whose training plans are on track 

Equiprnent improvement ............ % W/O9s that are for equipment improvemeot 

Financial ......................... Total W/O costs 

........................... l Safety Reported injury frequency 
-- 

Maintenance ExceIIence Requirements Procas Memures 

Work identification ................. % labour hours on pre-identified work 

......................... I Planning % W/O's with labour estimate 

....................... I Scheduling % W/O's on schedule r 3 days prior to execution 

........................ Esecution % W/O's completed when required 

........................ I Follow-up % executed W/OYs properly closed out 

1 Analysis ................... .. .. % cornpletion of root cause analyses 

Fig. 5.2 Performance Measures for MHS - Lifting Equipment Repair 

The expectation analysis, the maintenance excellence requirments, and the performance measures 

are reviewed annualty when the business plan is being developed. 

Data for performance measurement are captured and processed by the computerized maintenance 

information system (CMMS). Results are displayed in line graphs superimposed with trend lines and 

targets in a 13-month window. This way, both seasonal patterns and same-month-last-year results 

c m  be shown. Each top level performance measure can be drilled d o m  to provide more details of 



problems. For example, the top level meanire of "number of failures" cm be analysed by "failure 

category", "type of asset", and "equipment", etc. A large chart showing the up-âated graphs of al1 

the top level measures that relate to a work group is also posted up on the shop floor- 

It is also noteworthy that at Dofasco, the maintenance fuaction does not have direct influence over 

sa tegic  decisions of asset management, Le., acquisition, replacement, and design improvement of 

physical assets, and options for delivery of maintenance senices. 

The company has two profit sharing plans and they are linked to performance. In the fïrst plan, 

evexy employee gets the same amount of bonus skimmed fkom 14% of corporate profits. The sefond 

plan is known as the Variable Compensation Plan (VCP). Under this plan, employees may get fiom 

1% to 50% of basic income, depending on ~niority as well as actual corporate and departmental 

performance. The performance related factors feahired in the VCP calculation are: achievement of 

financial goals, corporate customer focus, corporate safety, and departmental goals. The business 

plan, performance measures, and corporate profits are discussed at the State of the Union meeting, 

a quarterly event for every employee to attend. 

5.8. Molson Breweries 

Molson Breweries, founded in 1786, is the oldest brewer in North America and the largest in 

Canada. Currently, it has eight plants across Canada, producing more than 40 brands of beer for 

markets in Canada, the U S ,  the U.K., and other overseas countries. The researcher interviewed 

Sukumar Roy, Maintenance Systems Manager, twice in his office in Etobicoke, Ontario. The first 

interview was conducted in August 1996 and the second one in June 1997. Roy joined the company 

in 1 992 and was responsible for developïng the maintenance performance indicators, as well as 

implementing the related infktmctural changes, such as training and the computerized Maintenance 

and Reporting System (MARS) in Molson's various piants. At the tirne of the interviews, his role 



had been redefined to managing the MARS system that provides information for management 

control of maintenance operations and capital projects. 

Roy pointed out that brewing is essentially a batch process and the packaging operation is a high- 

speed continuous process. Since it is a highly competitive business, reduction of manufacturing costs 

is crucial to improve competitiveness. Roy M e r  stated that at Molson, senior management's focus 

of attention has a strong marketing bias. 

The Company has a decentralized structure with three regional organizations, each of which is a 

profit centre. Its three largest plants do not have dedicated maintenance departments; the 

maintenance fünction is under Production. This is the result of a major restructuring in December 

1995 which is designed to improve communication between Maintenance and Production, which had 

been identi fied to be a problem in an earlier employee s w e y .  A drawback of this change is that even 

though the maintenance budget is between 20 and 30% of total operating costs, Production is not 

interested in maintenance. It is regarded as a necessary evil by senior management, including 

Production. 

Upgrading or replacement of equipment is driven by quality improvement, product change, and 

efficiency enhancement. The decision criterion for acquisition of major equipment is Return-on- 

investment (ROI.). Life-cycle-costing &CC) is not done in a discipiined manner. Capital investment 

proposals are evaiuated by financial executives who tend to use the breakeven point and up-front 

costs as decisions criteria. This often leads to short-sighted investment decisions. 

Cornmon approaches adopted by the maintenance functions of Motson's various plants include: 

Upgrading tradesmen's skills, by hiring younger and better educated people and through 

attrition. 

Reengineering work processes. Examples of such efforts include installation of terminals on 

the shop floor so that production operators can raise maintenance work orders on the spot 



through an on-line system, and using bar codes for identification of work orders and spare 

parts thereby eliminating the storekeepers. 

Empowering equipment operators to do simple maintenance work. 

The Company adopts a fragmented approach to maintenance performance measurement There is 

no standard framework shared by al1 plants. In general, the performance measures used have a 

financial and production bias. These include financial measures, process-related measures, and 

equipment effectiveness. 

The computerized maintenance management system (MARS) is used to capture transaction data. 

Ho wever, with the exception of financial measures, suc h data are not analy zed to detect trends or to 

perform interna1 benchmarking. Roy commented that Molson does not have an established 

mechanism for organizational leaming. Benchmarkhg is not practised in an organized manner and 

there is strong resistance in using performance measures for intemal benchmarking. 

Through Roy's introduction, the researcher also interviewed Alan Gordon, the former senior 

manager at Molson's corporate office championing an emphasis on maintenance. Based on years of 

actual combat experience as a senior executive at Molson's corporate office, and as a consultant 

specializing in maintenance related projects at Coopers & Lybrand, Gordon has the following 

observations on industry's common practice of maintenance management: 

In capital intensive organizations, management decisions fa11 into three areas, namely 

operations management, plant maintenance, and capital investments. The first two types of 

decisions belong to the operating budget and the third belongs to the capital budget. These 

two types of budget are considered differently. Operating budgets usually do not capture the 

attention of senior management unless it is in very bad shape. 

Among the three types of decisions mentioned above, the least complex decisions are those 

that relate to operations, and the most complex are those that relate to maintenance. Hence, 



many operations managers do not understand the issues involved in maintenance decisions. 

The approach to maintenance varies from one industry to another, even fiom one Company 

to another. Gordon cited the following examples 

Singapore Airline is one of the most profitable airlines in the world. It never keeps its 

aircrafl for more than three years. Thus, it has a very small maintenance budget. By 

considering the totality of up-fiont investrnent as well as the operating and maintenance 

costs - life-cycle costing analysis - decisions optimizing the total cost of ownership 

can be made. 

The automobile manufacturers replace their equi pment fairly rapidly . Thus, their spare 

parts are often ordered only on demand. 

Maintenance will be of strategic importance only when availability and reliability are critical 

issues in the business of the organization, such as in the air force, the airlines, and the mining 

industry . 

When senior management place priority on product development, marketing and sales, they 

\vil1 not have a focus on maintenance. And to get the required emphasis on maintenance in 

operations management, the Operations Manager should have an engineering background. 

Lever Pond's 

Lever Pond's is the second largest producer of soap based products in North America, and the 

largest one in the world-wide market. The Toronto Plant visited by the researcher in June 1997 is 

a faciiity for making sulphonic acids and it has three processing areas for producing liquid detergent, 

powder detergent, and soap, respectively. The plastic bottles are also rnoulded in the plant. These 

products are made under the household b m d s  of Sunlight (detergent) and Dove (soap). 

At the visit, Stan Reid, Production Manager of the Plant, presented a brief history of TPM 

implementation there. At Lever Pond's, the acronym TPM stands for Total Productive 



Munufacturing - totai employee involvement in providing equipment care and maintenance as an 

approach to enhancing productivity of manufachiring operations. A document entitled 

"Manufacturing Philosophy and Values" promulgating these ideas was compiled and communicated 

to all employees. 

The TPM program was launched in 1996 afkr obtaitiing the support of the union. A five-year 

training program, covering al1 the 250 employees in the Plant, is the highlight of the initiative. The 

training, O ffered to groups of 1 O employees, consists of a two-day course to be followed with a five- 

day workshop. Education and training are but one part of the master pian for TPM implementation. 

The introduction of autonomous maintenance, equipment irnprovement tearns, planned and 

predictive maintenance are al1 covered in the master plan which was developed on the basis of the 

Japan Institute of Plant Maintenance (JIPM) model. The plant also followed the seven steps of 

autonornous maintenance proposed by Suzuki (1 994). Visual control techniques art: used extensively 

to provide clear indications of an item's stahis. Transparent machine guards instead of stainless steel 

ones are used so that the moving parts in the processing machine are visible to the operator. Each 

production area has a TPM facilitator who is in charge of the tradesmen in the area and provides 

TPM training to them. 

it has a centrai store for spare parts and a small central machine shop with six tradesmen to do 

planned maintenance work that cannot be handled by tradesmen in the production areas. 

Maintenance performance measures used at Lever Pond's included : 

Expenditure against budget 

Maintenance hours 

Production efficiency 

Reid disclosed that Overall Equipment Effectiveness (OEE) as defined by Nakaj ima (1 988) was 

planned to be tracked in îùture. 



5.10. Generalizations 

Findings fiom the sarnpled organizations can be generaiized into the following points that relate 

to current industrial practices of maintenance performance management: 

It is a comrnon phenornenon that maintenance is not given appropriate top management 

attention. Maintenance is ofien perceived as a necessary expense item, and featured on the 

hit List of cost reduction prograrns. 

hnong the organizations covered in the study, only Dofasco is developing a maintenance 

pefiomance management system that is clearly driven by business goals of the Company. 

Organizations may use a variety of strategies to manage their physicai assets. These range 

from people-oriented initiatives such as TPM, to engineering-based approaches such as 

K M .  However, maintenance performance measurement is seldom linked to such strategies. 

Performance measures are not identified through a structured and participative process. The 

practice piloted at Dofasco is a rare exception. 

Maintenance performance is typically measured to serve the needs of management controi, 

not to provide prognoses for fiiture performance. To bestow such measurernent with 

prognostic power, m a u r e s  ought to be identified with reference to a cause-and-eEect 

model. It can be inferred fiom the case studies that this is rarely, if ever, done in industry. 

The strategic dimensions ofasset management, such as maintenance service delivery options, 

acquisition, replacement, and improvement of physical assets, etc., fdl outside the purview 

of the maintenance function in many organizations. Hence, performance in these aspects are 

ofien not tracked. 

The performance measwes in common use do not provide a balanced assessment of 

organizationd performance. They tend to fucus on the concenis of operational management 

(efficiency, response time, service delays), equipment performance (reliability, availability, 
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fault rate), and resource consumptioa (cost, manpower). Soft measures such as those that relaie 

to customers' and employees' perspectives are hard to find in many maintenance organizations. 

(8) The afignment of perfomance measures at different levels of the organization is a common 

blind spot in maintenance pedomuuice management ?bis can be a serious issue for companies 

with a huge maintenance organization. 

(9) Many maintenance organizations do not have reward and recognition systems that have a clear 

linkage with performance of the fùnction. 

(IO) Communications on performance measures king tracked and results of the assessrnent are 

usuaily limited to those at the management level. 

A S .  PHASE I.WPû 



6. Survey on Performance Management Systems 

6.1. The Survey 

The literature review and findings of the field work in Phase 1 indicate that maintenance 

organizations seidom measure their performance using a balanced set of indicators, or regard 

performance measurement as a strategic management tool. It is therefore usefùl to know the typical 

profile of performance measwes currently used in Hong Kong based companies, as well as other 

characteristics ofthe curent performance management practices in these companies. A questionnaire 

survey to obtain sucb information was conducted in early 1999. The subjects polled in the survey 

were participants of an executive development program held in Hong Kong. They were senior 

executives or professional stafhepresenting a wide range of organhtions based in Hong Kong. 

A more homogeneous sarnple consisting only of executives and professionals with responsibility 

for maintenance operations would provide more relevant information for the topic of this inquky. 

However, this type of sample was not selected in the survey because the backgrounds of the course 

participants were not controlled, and the sarnple size would be smail if the respondents were 

screened. The sampling method employed was a compromise amongst cost, relevance and precision 

considerations. 

6.2. The Instrument 

The survey instrument is shown in Appendix 1. It has three parts. Part 1 asks the respondent to 

indicate the importance of 11 dimensions when his Company or strategic business unit (SBU) 

measures its performance. These dimensions cover a wide range of perspectives - cost/financial, 

equipment pçdormance, operational efficiency, tirne, customer, relationship, employee, safèty and 

environment, organizational culture, innovation, progress tracking. The respondent can specifi 

dimensions that fa11 outside the list if such dimensions are featured in the company/SBU's 



performance management system. The response options for each dimension are: "very importantyy, 

"sorne what important", and "not important". 

Part 2 requests similar information; the respondent is asked to indicate the importance assigned 

to each of the listed dimensions when his organizational unit (it can be a department, or a section) 

measures its performance. The respondent can skip this part if he is the chef executive of his 

Company or SBU. 

Part 3 is designed to collect information on people's perception on the performance management 

system in their organizations. This part has 17 statements that describe various aspects of the 

organization's performance management system, expressed in a positive manner. Respondents are 

asked to indicate the extent to which they agree or disagree with these statements. A 5-point Likert 

scale tvith these values was used to capture responses: "strongly agree", "agree", "neither agree nor 

disagree, or don't know", "disagree", "strongly disagree". 

At the end of the questionnaire, respondents are also invited to give written comments on any 

aspects relating to the current performance management system in their organizations. 

6.3. The Survey Findings 

63 completed questionnaires were received fiom the participants, producing 63 valid responses 

to items in Part 1 of the questionnaire. However, there were only 6 1 valid responses to items in Part 

2 because two of the respondents were chief executives. Part 3 was not completed properly by three 

respondents, providing only 60 valid responses to items in Part 3. Results of the survey are 

surnmarized in Appendices II and III. 

Parts 1 and 2: Dimensions of Performance Measures 

The "very important" scores of various dimensions of performance at SBU and unit levels, as 

rated by respondents, are ranked in descending order in Figures 6.1 and 6.2, respectively. 
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"Costlfmancial return7' is the top ranking dimension at both SBU level (79%) and unit level 

(66%). The next three top ranking dimensions in performance measurement at the two organizatiod 

levels are also identical. These dimensions are: "Customer: satisfaction, loyalty, etc.", "Tirne: 

response time, recovery, senice delays", and "Operation efficiency/pr~ductivity'~. 

It is encouraging to note that the "customer" and "time" dimensions of performance measurement 

are considered "very important" at both SBU and unit levels, by at least one half of respondents. 

However, not more than one third of the respondents indicated that the other drivers of business 

success or "sofi" measures are "very important" dimensions in their performance management 

system. The four lowest ranking dimensions in performance measurement at the two organizational 

levels are found to be identical aiso. They are: "Innovation (technologicd or managerial), 

improvement7', ccOrganizational culture", "Employee: capability, development, satisfaction", and 

"Progress of strategic initiatives". 

"Equipment performance" and "Safety and environmental management" are not among the top 

ranking dimensions for performance measwement at both organizational levels. This cm be 

explained by the fact that many of the companies represented by the respondents do not have 

significant maintenance operations. It is expected that these two dimensions \vil1 become the focus 

of attention in capital intensive enterprises. 

Part 3: Perception on Current Performance Management Systems 

For the purpose of summarizing the responses to items in Part 3, the 5-point response scale has 

been collapsed to a 3-point scale with these values: "strongly agree or agree", "neither agree nor 

disagree, or don? know", and "'disagree or strongly disagree". The "strongly agree or agree" scores 

of various items as rated by respondents are ranked in descending order in Fig. 6.3. 
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In this survey, 78% of the respondents (managers and professional staff) ïndicated that they are 

well informed of their company's strategy, and 72% of them f o n d  the performance measures that 

relate to their area of responsibility are meaningful. However, the respondents' perception on 

communication of performance results is least positive. The two lowest ranking items in Part 3 are: 

The Key Performance Indicator (KPI) results are presented in a user-~endly manner (42%). 

The KPI results are widely cornmunicated in my organizational unit (30%). 

The third lowest ranking item is: "The company's KPIs motivate staff members to create future 

value." Only 43% of the respondents either strongiy agreed or agree with that statement. 

6.4. Conclusion 

This survey generates data for characterizhg the performance management practices in Hong 

Kong based companies. Even though most of the sampied organizations do not have maintenance 

as one of their core cornpetencies, their practices share common characteristics with those of 

maintenance organizations covered in the field work of Phase 1. These shared characteristics are: 

The performance measures in common use do not provide a balanced assessment of 

organizational performance. 

Measures that relate to drivers of future performance, such as innovation. organizational 

culture, and emptoyee capabilities are not widely used by companies in their management 

system. 

Many organizations do not have reward and recognition systems that are aligned with the 

company's performance. 

Communications on performance measures k ing tracked and results of the assessment are 

usually limited to those at the management level. 

These are areas to be addressed to enhance effectiveness of performance management systems. 



7. The Action Research 

This chapter presents the action research project conducted in the maintenance organizations 

of two Hong Kong cornpanies, namely CLP Power and Mass Transit Railway Corporation. 

7.1. CLP Power 

CLP Power is a vertically integrated utility company sening 1.76 million electricity custorners 

in Hong Kong. The geographical area covered by the company's supply nehvork extends to about 

1,000 sq km representing 79% of Hong Kong's population. It was previously structured to have 

three distinct organirations, namely, Generation Business Group (GBG), Transmission Business 

Group (TBG), Distribution and Customer Services Business Group (DACS). TBG managed the 

bulk delivery of electricity fiom the generation plants to the bulk and primary substations via a 

network of high voltage overhead lines, underground or submarine cables. At the bulk and 

prirnary substations, the high voltage electricity is stepped down and distributeci to strategically 

located transfonners which feed the customers. The distribution of low voltage electricity to 

customers was managed by DACS. 

The rnanufachlring sector in the Hong Kong economy has k e n  shrinking steadily since the 

early 1980s. This would have an adverse effect on the company 's total electricity sales if it had 

not been more than compemated by a robust growth of electricity demand generated by the 

thnving manufacturing activities in the neighbouring Pearl River Delta (PRD) during the same 

penod. In fact, during 1991 to 1993, the total electric energy (kWh) supplied by the company 

increased at an average rate of 10.9% per annum. However, the sales of electricity suffered a 

significant (12.9%) setback in 1994 when a cornpetitor, the Daya Bay Nuclear Power Plant (in 

Guangdong, Mainland China), started operation in March of that year (CLP Holdings, 1998). As 

the electric utility industry in PRD becomes more mature, CLP Power can no longer count on the 

D:UXXI\THESIS\7. Action Rexarchwpd 7-1 Juiuary 2C)ûû 



growth of electricity demand outside Hong Kong as a source of its profit growth. In the long nui, 

the increasing number of electricity generation plants in South China will become CLP Power's 

cornpetitors on its home market once Hong Kong's electric utility industry is deregulated. . 

The operation of CLP Power is currently govemed by an agreement with the Hong Kong 

goverment, known as Scheme of Control (SOC). Under SOC, the company is allowed to charge 

tariffs designed to recover its costs plus an allowed der-tax r e m .  While this agreement is still 

in force for a number of years, the nsing expectations of well informed consumers, and growing 

demand of the community for protection of the environment are presenting an ever increasing 

challenge to the company to provide electricity reliably and securely to its customers at the 

lowest reasonable cost and in an environmentally sound marner. Recent developments of the 

local political systems have also provided people with increased channels to air their discontents 

through their representatives on the District Boards or the legislature, or the various pressure 

groups. Two of the issues vigorously monitored by these watchdogs are the tariffs charged by the 

utility companies, and quality of services they provide. Reform of the SOC and even deregulation 

of the industry are becoming real threats to the company. 

In the light of the changed cornpetitive landscape, CLP Power has to become a high quality 

and low cost provider of energy services in order to protect its traditional markets, and has to 

introduce innovative products and services to generate additional revenue. A major initiative 

designed to improve performance in the delivery of electricity to customers was the restnicturing 

of the former TBG and DACS under four guiding principles, viz, focus on minimum cost 

options, clear accountabilities, flatter organization, and better service. 

In late 1997, two new organizations were fonned to replace TBG and DACS. The Power 

Systems Business Group (PSBG) was established to operate the 'kires" business which 

combines the management of the high- and low-voltage systems to achieve a higher level of cost- 
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effectiveness. The new Marketing and Customer Semices Business Group (MACS) handles the 

"retail" business of transmitting and distributing electricity to customers. 

The restructuring exercise created upheaval in the organization in two ways. First, the . 

integration of the '\vires" business eliminated duplication of resources that were comrnon to both 

the high voltage and the low voltage systems. As a resdt, jobs have k e n  displaced making it 

possible to achieve significant downsizing of the organization. Second, the organizational 

structure had to be modified and work redefined so that higher quality service could be delivered 

with less resources. The success of this change depends a lot on empowerment and trust in the 

organization. Ironically, these two elements are prone to decline in the stresshl downsizing 

process (Mishra, et al. 1998). 

As an initial step to mitigate distrust, CLP Power organized a number of "Cultural Change" 

seminars well before the organizational change. Every member in the workforce had an 

opportunity to participate in these events, at which senior managers were invited to give 

presentations on the need and urgency of change. They also provided an open forum for 

employees to air their opinions on problem areas in the organization, express their concems, and 

make recommendations for improvement. These efforts were made to create a positive attitude 

towards change and to cultivate an atrnosphere of opemess in the organization. Another move to 

pave the way for the restructuring was to introduce the Selective Voluntary Departure Scheme. 

Under this Scheme, selected employees could opt for voluntary separation with severance 

benefits. This was welcome by employees who were lwking for early retirement, a change of 

employment, a switch to the self employed consultant status, or a chance to start a new business 

of their dream. Offering employees the choice has double benefits: employees would feel that 

they were in control, and it reduced the need for forced layoff. This act of carhg for cmployees 

helped to build trust in the organization. Through this Scheme, the employee numbers in the 
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former TBG and DACS were reduced by more than 800, fiom an original strength of about 

3,900. 

After the restructuring was announced, people would have to be appointed to positions in the 

new organization. Since jobs and responsibilities had been reconfigured, it was imperative that 

the right persons be selected for the nght positions. Thus, appointees were chosen on the basis of 

ability , wi thout k i n g  constrained by the positions they previousl y held. These appointments 

were made in a cascading manner, starting fiom the top to ensure smooth transition. To avoid 

inflicting disempowerment upon the appointees, training programs designed to meet their 

development needs were provided, and the management information systems would be 

reconfigured to support decision making, planning and operation controt in the new organization. 

7.2. PSBG's Maintenance Operations 

PSBG manages a huge electricity transmission and distribution network consisting of overhead 

lines, underground or submarine cables, transformers, switchgear, and associated support 

facilities. Obviously, equipment reliability is a crucial factor for achieving a high level of system 

avaiIability in order to deliver unintempted supply of electricity demanded by CLP Power's 

customers. This, together with the sizeable maintenance budget, make maintenance a major issue 

of PSBG's mission. 

The initiatives adopted to optimize maintenance of the high voltage transmission system 

focused on three areas listed as follows: 

Systems - Transmission Operation & Maintenance System (TOMS), Automated Mapping 

& Facilities Management (AMEM), Key Performance Indicators (KPIs), 

Benchmarking, Structured Approach to Strategic Procurement (SASP), 

Maintenance Service Agreement 
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People - Multiskilling, Performance Management System (PMS) / Productivity 

Improvement, Sfrategic Positioning of Resources, Direct Report to Site, 

Training & Development 

Technology - Condition Monitoring Tec biques, Substation & Circuit Monitoring S ystem, 

Expert Systems 

Fig. 7.1 Optimizing maintenance operations for CLP Power's high 
voltage transmission system 

These initiatives were built on the foundation of two corporate prograrns, namely Operations 

Integrity Management System (OIMS) and Total Quality Management (TQM). Decisions relating 

to the maintenance regimes to be used for various types of equipment, the interval between 

0 

inspections, overhauls or preventive replacements, etc., are driven by the methodologies of 

Reliabi 1 ity Centred Maintenance (RCM) and Risk Based Maintenance Management. Fig. 7.1 



shows the framework embracing these initiatives (Brown 1997). The scope of this b e w o r k  

had been extended to cover also the activities of power distribution network afier formation of 

PSBG. 

7.3. Sponsor of the Action Research at CL? Power 

The action research on introduction of balanced scorecards in CLP Power's power 

transmission and distribution operations commenced in July 1997. It was sponsored by W.L. 

Brown, then Chief Engineer of Network Operations in the Transmission Business Group (TBG). 

His department (NOD) was responsible for the operation and maintenance of plant and facilities 

in the company 's high voltage power transmission network, commissionning of new 

transmission facilities, a s  well as provision of labour for construction work. S.H. Chan, then 

Engineering Services Engineer responsible for NOD's asset utilization and management was the 

champion driving the first phase of the project. 

Subsequent to the reorganization which happened soon after commencement of the project, 

Brown was redeployed as the Chief Engineer to head the Asset Management Department (AMD) 

in the newly established PSBG. A simplified organization chart of PSBG is shown in Fig.7.2. in 

his new post, Brown was responsible for formulating pdicies, establishing maintenance 

requirements, setting budgets for new works projects and the three operations departments 

(Regiona) of the business group, initiating and implementing new development projects (Le., 

development, design, construction and commissioning of new facilities) for the company's 

transmission and distribution network. His department also tracks performance of the network 

operation by using appropriate Key Performance Indicators (KPIs). In the new line-up, S.H. Chan 

was appointed as the department's Network Planning Manager. Management of the business 

group's maintenance performance then falls into the portfoIio of K.P. Liu, an Engineer in the 
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Installation, O&MStandards unit under Asset Management- Consequently, Liu became the 

driver of the action research in PSBG fiom J a n w  1998. 

PSBG 

1 Chiefmineer 1 / 1 ~anagac / / 1 Manager 1 / 1 Manager 1 
Asset Management (AMD) East Region West Region Systbm Operatkm 

/ ~ i n i & r  1 1 ~i- 1 1 ~anager  1 
Technical Services North Region Major P~rolects 

Fig. 7.2 Simplified Organization Chart of PSBG 

7.4. PSBG's Maintenance Performance Management System 

KPIs made their début several years ago in the then Transmission O&M Branch as major 

elements in the annual Business Planning Process introduced at that time. Subsequent to that, 

organization of the transmission operations was restnictured a number of times, cuiminating into 

the formation of the PSBG. The KPIs used in the Business Planning Process have undergone 

evolutionary change in such a volatile period. Fig.7.3 shows the KPIs of Network Operations 

Department (NOD), the unit responsible for the operation and maintenance of CLP Power's high 

voltage transmission network before the organizational change. 

Operating Budget # of Forced Outages 1 Plant Year 
O&M Cost / MVA (Substations) # of Forced Outages / 100 km (0i-E or Cable) 
O&M Cost / 100 km (OHL or Cable) Disabhg injury Incident Rate @IIR) 
Delivered Energy Index Sick days / staff 
Overall Transmission Avail ability Safety Audit Score 
Equipment Utilization % of Staff Received Relevant Training 

- - - - - -- -- 

Fig. 7.3 Network Operations Department - Key Performance Indicators (1 996) 
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To obtain background information for development of the balaaced scorecard, an in-depth 

study on the practice of maintenance performance measwement in CLP Power's "wires" 

business was conducted. The first phase of that study took place before the restructuring in 1997. 

Company documents were examined and representatives of the major stakeholders of TBG's 

maintenance fhction were interviewed. These stakeholders included senior management and the 

operating units of Network Operations Department (NOD). The representatives polled in this 

phase are listed in Fig. 7.4. 

Inlerviewee 

S.H. Chan 
C.P. Cheng 
K.B. Lam 
Joseph Lai 
K.C. Wong 
P.C. Lo 
S.J. Lam 
K.M. Chau 
K.F. Tse 
P.K. Lau 

T.M. Chan 
C.L. Mak 

Position held at tirne of interview 

.4sset utiiization and management 
Training and development 
Head, Circuits O&M 
Acting Head, Planning and Resources 
Head, Cornmissioning 
Head, Substation O&M 
Substation Construction 
Circuits Constnrction 
Technid audits 

Head, Shenzhen operations 
Change Management 

Change Management 

Fig. 7.4 NOD representatives interviewed in July 1997 

Observations from these interviews are summarized as follows (Tsang and Brown 1999): 

(1) TBG's KPIs were identified with inputs fiom the department heads, as an integral part of 

the annual business plan. While these KPIs had to be linked to the organization's Critical 

Success Factors (CSF), some of them, such as Capital Expenditure (Capex) and DIIR, were 

mandated by the corporate office or regulatory bodies. According to the spirit of the 



Business Planning Process, the KPIs for NOD and those for its individual operating units 

were to be determined in a cascading manner to achieve vertical alignment between KPIs 

and TBGYs strategy. 

The set of KPIs used to manage maintenance performance had k e n  the result of 

evolution over the years. Initiaily, the KPIs were picked because they had always been 

tracked in the past, Subsequently other KPIs were added- Some of these more recent 

entries were introduced with reference to international standards for benchmarking 

purposes. 

The measures in use included financiai indicators such as Operation & Maintenance 

(O&M) costs, and equipment-based or process-oriented indicators such as equipment 

availability and labour productivity. 

Other performance measures are used for operational control purposes. Examples of this 

type of KPIs in use within NOD's operating units include: % achievement against 

maintenance plan, manpower loss due to sick leave, system availability, equipment failure 

rates, etc. 

It is considered that the KPIs selected so far only meet the basic needs of the maintenance 

department for monitoring its quality and cost performance. They cannot provide 

management with a balanced assessrnent of overalt performance in terms of the 

department's critical success factors. 

Targets for the KPIs are established primarily by extrapolation. For example, targets for 

the equiprnent failure rates are set using five-year moving averages, operating budgets are 

determined by extrapolation with adjustment for expected inflation and with the planneci 

productivity improvement king factored in. 

Data capturing and reporting to support the performance management system are handled 
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by the computerised Transmission Operation and Maintenance System (TOMS). 

The second phase of the study proceeded shortly &er the w w  'wires' business group, Le., 

PSBG, \vas established. Stakeholders of the maintenance function not previously polled were 

interviewed by the researcher. These inte~ewees,  listed in Fig. 7.5, are former stafTof the 

defunct Distribution and Customer Services Business Group (DACS). Four out of the six in the 

group are from the 3 regional units which are responsible for operating and maintaining the 

"wire" assets of the business group. A simpliîied organization chart of the regional unit is shown 

in Fig. 7.6. 

1 Interviewee ( Position held at rime of interview 

K.P. Liu 

K.L. Wong 

Y.L. To 

YS. Yip 

C.W. Luk 

S.L. Wong 

Performance Management - Asset Management 

Planning & Design Manager - East Region 

Distribution Operations Manager - West Region 

Circuits O&M - North Region 

Transmission Plant O&M - North Region 

Information Systems - Asset Management 

Fig. 7.5 PSBG representatives interviewed in February - March 1998 

1 Regional Manager I 
I 1 

l f I 
? 

I 
Distribution Distribution Planning & ûesign 

Operations Manager Operations Manager Constmcüon Manager Manager 

Resources Administration 1 1 Safety & Quality 
Programming Manager Engineer 1 

Fig. 7.6 Simplified Organization Chart of Asset Management Department, PSBG 

New findings fiom the second round of interviews are outlined below: 
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(1) The scorecard for a region was developed using a bottom-up approach - the various 

branches in the region proposed their sets of KPIs to Planning & Design, which would 

consolidate thern into a scorecard for submission to the Generai Manager of the business 

group. In the transition period at the time of the i n t e ~ e w s ,  most key persons were new to 

the post. Therefore, the scorecards for individual branches were not yet fully developed. 

(2) Even though not orchestrated by Asset Management, the scorecards used by the three 

regional units were very similar to each other. The KPls in these scorecards faIl into six 

categories: 

O safety @ financial performance 

Q performance pledges to extemal customers 8 productivity performance 

O system performance 0 inventory management performance 

Categories @ to 8 were introduced f i e r  the restructuring. 

(3) KPIs were being used for intemal bencharking arnongst the 3 regions. These include: 

fault rates (cable, overhead line), customer minute lost (SAIDI ' ), O&M costs per 

employee, per customer, and per kWh sold. 

(3) In the regional units' scorecards, the KPIs that relate to CLP's perfonnance pledges 

(service standards) included: arrival on site within one hour afrer receipt of nofrjication, 

3 - d q  advance notice for planned shutdown, and restore supply within 6 hours. 

(5) Looking back to the days before the restructuring, there was not much participation fiom 

the regional units of the former DACS in developing the scorecard at the business group 

level. 

(6) The informants agreed that the performance scorecards in use provided them with a clear 

SAiDI is S'stem Average Interrrrption Duration index. It is a measure of power loss per 
customer. 
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focus in managing their operations. However, using the performance data for judgemental 

purposes should be handled with caution. ihey  poïnted out that unsatisfactory 

performance with respect to certain KPIs could be due to uncontrollable factors, such-as 

equipment design, thunder strikes, and thud party damage. The aging of cables would 

increase the number of faults, and repair work to stop oil leakage in oil filled cables could 

be held up due to delay in getting the Excavation Permit. The latter problem often occurs 

on cables that run dong roadways with heavy traffic. It was also realized that this type of 

problem would motivate managers to decommission aged cables on the basis of economic 

considerations. 

With the BSC as a model, PSBG's maintenance scorecards were biased on the financial and 

intemal processes perspectives with insufficient focus on the customer and organizational 

development perspectives, even though efforts had k e n  made to develop a leaming culture and 

change readiness in the maintenance function. Specifically, approprîate KPIs for the following 

strategic objectives need to be identified: 

Nurturing an organizational culture that embraces mutual t m t ,  teamworking and change - 

KPIs measuring the progress and effectiveness of the change initiatives. 

Developing a flexible and responsive workforce - KPIs measuring staff cornpetencies and 

the extent of staff development needs 

Be customer focused - KPIs measuring customer satisfaction and relationships with 

custorners 

* In the p s t ,  the organization was structured by specialization. Each branch head is a 
specialist in a specific field. m e r  the restructuring, the branch head becomes a generalist. 
His scope of respoasibilities has expanded and he needs to depend more on the technical 
knowledge of his tearn leaders to discharge his duties. Thus, the dilation of managers' 
experience has to be compensaed by more empowerment in the organization. 
Development of a multi-skilled workforce helps in achieving this strategic move. 



Moreover, most of the KPIs in use were backward looking. These were outcome measures, 

also known as lag indicators. In order to inform managers to make projections on hiture 

performance, they should be supplemented by performance drivers, also known as lead 

indicators. These observations were shared with Liu, the CLP representative driving the project. 

7.5. Asset Management's Balanced Scorecard 

Afler reviewing the existing practice of maintenance performance measurement, the 

researcher worked closely with Liu and his assistant to develop the Balanced Scorecard for Asset 

Management (AMD). It would becorne the top level scorecard for managing PSBG's 

maintenance performance. The scorecards for line departmenu, Le., the regional units, would 

then be developed in a cascading rnanner. 

n i e  Srrategic Maintenance Performance Management Process introduced by T-g (1 998), 

shown in Fig.2.6, was followed in developing AMD's balanced scorecard. The corporate vision, 

PSBG's mission, and its key result areas (KIUS) as docurnented in the business plan were 

studied, see Fig. 7.7. Such infiormation was the driver of the various strategic initiatives pursued 

by PSBG, and these in tum were used to identify the KPIs in AMD's balanced scorecard. 

The project tearn also attempted to develop a model showing the cause-and-effect relationships 

of the various strategic objectives. It wouid be used as a tool for communicating the logic of the 

maintenance strategy espoused by Asset Management. Fig. 7.8 is the model produced by the 

team afier several iterations. Each block in the model denotes a major strategic initiative or 

objective, labelled by a "verb-noun' descnptor, such as oprimire purchare practices, and 

increase custorner satisfaction. This type of descnptor imposes clarity of intent, and it is more 

likely to generate action plans that will make a difference in future organizational performance. 
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Corporate Vision 

I Tu be the best utility in the world I / PSBG's Mission 
1 Tu deliver quality power supply to custorners at low cosf, through 

unified sîrategies that achieve operational excellence. 

The Key Result Areas (KRAs) of PSBG for the 1998 are: 

O Cost management 

O Productivity improvement 
Supply reliability and quality 

O Increase customer satisfaction 

O Safety, health & environment 

O Exploit extemal business 
-- 

Fig. 7.7 Corporate Vision, and PSBG's Mission and Key Result Areas in 1998 

The blocks were organized into the four perspectives of a typical balanced scorecard (BSC), 

narnely financial, customer, intemal processes, leaming & growth. The logic embedded in part of 

the mode1 and the initiatives encapsulated in some of the blocks are explained below: 

Inhoduce new policies for asset acquisition. These include efforts to migrate fiom detailed 

technical specification to fùnctional specification for acquisition of new assets in the power 

system. It allows for more quality and competitive suppliers to be available for selection. 

Apply new technologies tu opfimize system performance. This includes actions such as 

acquiring mobile generators and maintenance-fiee power plants, applying no-dig technology 

for laying underground cables, replacing oil-filled cables with solid insulated ones, and 

introducing condition monitoring technologies. This initiative can be the antecedent of 

several other blocks in the customer perspective: Improve safety, healrh & environrnenfa~ 

performance, Improve supply reliabiiity & quality, and Increase custorner satisfaction. 

Increase customer satisfaction supports the objective to Increase asset utilization because in 

a competitive business environment, custorners have other options for energy supply. 
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Financial 
Perspective 

lncrease Return on 

lncrease Asset 
1 Utilization 

Customer 
Perspective 

Best Cost 
Management 

1 Optimise 
Intemal Purchasing 

Perspective Practices 

lrnprove Safety, 
lmprove Supply 

Environmental Customer Reliability & 

Performance Satisfaction 

----- 
lntroduce New 

Policies for 
Asset 

Acquisition 

lntroduce New &PlY New 
Policies ta Optirnite Technologies 

System to Optimise System's 
Performance Performance 

Achieve 
Seamless Flow 
of Information 

Leaming 
& Growth 

Perspective 
lmplement 

lmprovement 
Programmes with 

lmprove lmprove Access 
Cornpetencies of to Information 

Staffs System 

Fig. 7.8 Cause-and-Effect Relationships of Asset Management's Strategic Objectives 



Achieve seamless jlow of information is the major objective that relates to performance 

tracking and decision making. This supports the initiative to lrnprove supply reliability & 

quoliiy because high risk items can be identified more quickly for corrective action. 

Once the strategic objectives had been established, the scorecard measures could then be 

identified. These KPIs consisted of a mix of performance drivers (lead indicators) and outcome 

measures (lag indicators). Fig. 7.9 shows the list of candidates considered for inclusion in 

AMD's BSC. Consider objective Il: Optimize purchming practices. Obviously, "rejection rate 

of purchased items" and "detivery cycle tirne" measure the degree of success in achieving Il. 

Hence, they are lag indicators. To accomplish this objective, a major thnist is to introduce 

competitive bidding in purchasing spares and supplies for maintenance work. In such case, ''?A of 

purchases with competitive bid" can be a lead indicator for 11. 

We should measure what matters, not what is nice to know. The attributes of good measures 

are: 

Relevant - The rneasures are linked to issues of strategic importance. 

Meaningfûl - The measures are meaningful to those whose performance is k i n g  

measwed and those who will act on the reported results. 

Controllabie - Those who will act on the rneasurement can control the outcome. 
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Strategic Objectives 
21 : Productivity improvement 

Lag hdicators 
Staff performance rating (avcragc and minimum) 
Manoower Dcr customer 

~ - 

L2: Develop relationships I implement 
improvement pmgams with suppliers 

L3, Improve access to information 
- - - -  

LA. Improve competencies of staff 

Il. Optirnize purchasing practiccs 

12. lntroduce new policies for asset 
acquisition 

13. Introduce new policics to optimize 
system performance 

14. Apply new technologies to optimizc 
systcm performance 

15. Achieve semlcss flow of 
information 

Cl. lmprove safety, health & 
environmental performance 

C2. Increase customer satisfaction 

-- - 

# of relationship agreements established 

% of staff with access to MIS 

% match of the rquired ski11 profile 
Cornpetencies rating (average and minimum) 
Rejection rate (by value) of purchascd itcms 
Delivery cycle time 
Rate of progress of specification migration 

Ernploycc satisfaction index 
Rate of employec suggestions 
# of meetings with suppliers 
Value of joint iinprovement projects started 

"/O completion of identified specialist training 
Attcndancc of specialist training 
% of purchascs (by value) with competitivc bid 

.. . - - - - . . . 

Rate of progress of specification review 

Delivcry energy index # of review meetings 

ROI of investmcnts in new tcchnology % complction of projects in progtess 

Rating on sharing of information and knowlcdge % of IT projects completed vs plan 

DUR rate 
# of accident and near miss incidents 
Service plcdges achievement index 

C3. lmprove supply reliability & quality Customer-minute loss 

FI. Best cost management Opcrating cost per customer 

F2. Increase asset utilization 
-- - 

, Utilization of installedcapacity 

F3. Increase teturn on assets 
- - -  - - -  

1 Operating C O S ~  to total asset 

Safeu audit score 

Customcr satisfaction index 
# of service standards tevicwed 
% complttion of the Y2K readincss program - - 

1) of continuous improvement piojects complete 
# of cost/benefit analyses performed 

Fig. 7.9 Potential Cmdidates of KPIs for Asset Management's Balmced Scorccard 



A template that provides guidelines for defining good performance measures is shown in Fig, 

7.10 (Neely, et al. 1997). It was htroduced to Company members of the project team for 

application. 

Title t 
Relates to 

Target 

Formula 

Frequency of measurement 

l Frequency of review I 
Who measures? 

Source of data 

1 Who owns the measure? I 

M o  acts on the data? 

What do they do? 

1 Notes and comments 1 

- 

Explanation 

Title of the performance measure 

Why this measure needs to be tracked ? 

Should be linked to one or more strategic objectives 

Set both short-tenn (curent year) and stretch targets 

Defines how performance is measured 

How fiequently is performance to be reported ? 

How fiequently is performance to be reviewed ? 

Who is to collect the data and report the measurement ? 

State the source of raw data 

Who is accountable for meeting the perfonnance target ? 

The management process that will be followed by the 
'owner' when perfonnance is behind target 

Who is responsible to react when data is reported ? 

The management process that will be followed in response 
to variation fiom expectation 

Fig. 7.10 Template for Design of Performance Measures 

The experience gained from this pilot work demonstrated that the template compels the 

manager to be explicit about what the measure meant for his operation - target, formula, and 

source of data have to be specified. The act of identiming the source of data directs the manager 

to determine the method of data collection and check availability of good quality data. It also 

triggers the manager to review relevance of the measure, taking into account the behavioural 

implications - what do they do ? 
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7.6. Deployment of Asset Management's Balanced Scorecard 

A presentation on "Measuring Maintenance Performance Using Balanced Scorecards" had 

been delivered by the researcher to managers and engineen of the operating units, and executives 

of the Finance Department in the Business Group. The whaf why and ~ O W  of performance 

management using balanced scorecards were explained. It created an awareness of the new 

approach to managing maintenance performance in the organization. 

Ideally, the stakeholders of PSBG's maintenance operations - the Regional Managers as well 

as the branch heads of Asset Management's various units - should be involved in developing 

AMD's scorecard. Their participation in the process would be an invaluable learning experience 

in putting the new approach into practice. Issues such as impact of the performance measures on 

organizational alignment and employee behaviour, relevance and completeness of the measwes 

selected, and availability of resowces and infiastructure to support the management system 

would be considered more thoroughly with inputs from these stakeholders. It wouid also help to 

get their buy-in to the balanced scorecard thus produced. The next step would have been to 

deploy the top level (AMD's) scorecard to the operating uni& (the Regions). 

The above moves were not taken so far at the host organization because of the following 

reasons : 

( 1 ) Departure of the sponsor 

W.L. Brown, sponsor of the project. had targeted "implementation of the balanced scorecard 

for measuring PSBG's maintenance performance" as one of Asset Management's major 

initiatives. He left the Company while the project was in progress. His successor did not 

accord the project the same level of priority. 

( 2 )  The upheavol of recent organizationaI changes 

The restnicturing following the integration of the "wires" business created upheaval in the 
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organization. Managers were new to their posts, many of them saw their roles changed tiom 

a specialist to a generalist. They were busy adjusting to the operational demands of their new 

capacity. Unless dnven by strong leadership fiom the top, the unit managers preferred the 

tried and tested tools to new ones. Thus, they were quite hesitant to introduce new measures 

in managing their maintenance operations. 

( 3 )  The managers ' mina3et 

Most managers of the operating units are engineers by training. They have a tendency to 

focus on technical issues and solutions that will produce quick and tangible results. Liu once 

said, "If we organize an event to discuss topics related to productivity improvement or to 

introduce new maintenance technologies, we will get a large audience. However, when the 

topic is performance measurement, most managers and engineers will not be interested." 

This, together with the lack of sustained sponsorship fiom the top and a strong advocate of 

the cause, explain why the open forum to discuss AMD's balanced scorecard as suggested by 

the researcher is yet to be organized. 

(4) Perceived funcrion of the Balanced Scorecard 

Through discussions with the infonnants and a study of the scorecards currently used by the 

operating units, most people in the host organization regarded the balanced scorecard merely 

as a fiamework for ensuring multiple perspectives are reflected in the set of performance 

measures k ing  tracked. The more important function it c m  serve - the vehicle to inform 

staff of the organization's strategic intent and to influence people's behaviour to achieve the 

strategic objectives - was not widely recognized. Obviously, enhancing understanding of 

the BSC concept within the organization would be a definite advantage. This can be realized 

through widespread discussion and training. 
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7.7. Mass Transit Railway Corporation 

Mass Transit Railway Corporation (MTRC), the other host organization of thîs action research 

project, is the owner and operator of Hong Kong's mass transit railway system that serves - 

cornmuters through a 74-kilometre network with 43 stations. The system carries more than 2.3 

million passengers per weekday, making it the most heavily utilized (per track kilometre) urban 

railway in the world. 

Ever since it started its passenger train service in 1979, the MTR system had k e n  enjoying a 

number of strategic advantages, viz, air conditioned transportation s e ~ c e ,  fast and reliable 

movement of passengers, and clean environment. Thus, it was able to position itself as the 

premium service provider, charging relatively higher fares compared to other means of public 

transport. These advantages have k e n  eroding gradually in recent years. First, innovations in 

transport management such as the likely introduction of cross-district bus-only lanes for comdors 

covering major cornmuter traffic will ease trmc congestion on main roads, thus enabling the 

public franchised buses to provide faster and more reliable service. Second, the other public 

franchised transport operators have been upgrading their senice by putting an increasing number 

of cleaner and air conditioned buses into service. Third, the completion of a nurnber of major 

highway projects had greatly improved inter-district movement of vehicles. With such growing 

cornpetition from road transport providers, MTR's overall market share started to fali since 1994. 

In 1994, it was 27.8% and it fell to 25.7% in 1998. 

The repercussions of the curent Asian economic turmoil posed additional challenge to the 

Company. Hong Kong's Gross Domestic Product (GDP) contracted 5% in 1998. This caused the 

overalI public transport demand in the city to drop by 0.9% fiom the previous year. The Company 

shared the blow of the recession as it registered in 1998 a 2% drop in totd number of passengers 

carried by its system, to 794 million, as compared to 1997. In the light of the dificult economic 
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conditions, and taking into account the low inflation rate in Hong Kong, fares on the MTR 

system were frozen in 1998 (MTRC 1 999). 

The Airport Express - the railway luik to the new airport - started its passenger seniice in 

mid 1998. The patronage of this route fell short of expectation by a wide margin due to drarnatic 

drop in tourist amivals coupled with fierce cornpetition fkom other transport providers. This 

created yet another financial burden to the Company in the short term. 

To prepare for these challenges, the Corporation has increased its multi-skilling, redeployrnent 

and retraining programs to enhance staff's ability to effectively utilise existing interna1 resources 

for meeting the needs of the Corporation in the coming years. Furthemore, Jack So, Chairman of 

the Corporation, states in the 1998 Annual Report that in 1998 "a comprehensive review of 

operating costs and capital expenditure plans was undertaken, as a resuli ofrvhich signz$cant 

smpings i?~ costs have been identzped through enhancedproductivity, redeploymenr of stafland 

management rationalizations in arem which we believed will not compromise the safety or the 

efficiency of our services" (MTRC I 998). 

7.8. MTRC's Maintenance Operations 

The Operations Engineering Department (OED) has more than 3,600 staff and is the largest 

department in the corporation. Its main fûnctions include provision of engineering services to 

support the operating railway as well as future extensions, management of existing and future 

assets, and involvement in the planning, designing and irnplementation of new extensions of the 

railway. The department has the vision "To deliver excellent engineering services to customers", 

which in turn supports the corporate strategy of serving cusfomer needs by contriburing to the 

provision of safe, reliable and efficient railway service through effective and eflcienr 

management of ruilway assets (OED 1998). Obviously, OED's management focus is on 
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customer service standards, many of them are linked to equipment that interface with customers. 

The long-tenn goals of the department can be categorized into five perspectives, as shown in 

Fig.7.11. These goals, in tum, identify the department's critical success factors required to fiiifill 

the corporate mission. 

Fig. 7.1 1 OED's Long-Term Objectives 

The major initiatives adopted by OED to support the corporate strategy include: 

(a) Sustaining employee participation prograrns such as 

Top-Ten Scheme, a management driven, team-based approach to enhancing customer 

service by continuous improvement of equipment reliability in service. 

Work Improvement Team (WIT) activities. W T  projects are identified and solved by the 

tearns. Currently, more than 200 WIT Teams are in operation in the department. 

Staff Suggestion Scheme 

(b) Participating in international benchmarking. The Corporation, represented by OED, is an 

active participant in the community of Metros (CoMet) group, an international body set up to 



benchmark operations and practices of mass transit systems world-wide. It provides the 

Corporation the opportunity to share  orm mat ion, improve performance and measure its 

interna1 standards with other major operators. 

(c) Implementing the Integrated Management System (IMS) that embraces the concepts of 

empowerment, leadership, reduced bureaucracy, and simplification. 

(d) Developing an Integrated Documentation System for deployment on the Intranet to facilitate 

documentation maintenance and control, enhance usability, and ultimately improve 

operational efficiency. 

(e) Developing a multi-skilled work-force, an initiative applied more extensively in the Airport 

Rai 1 way . 

(0 Practicing condition-based maintenance through the use of non-destructive testing (NDT), 

vibration and noise monitoring techniques. 

(g) Adopting the System Assurance methodology to manage projects that relate to safety critical 

systems. 

The Maintenance Organization 

A simplified organization chart of OED as of December 1998 is shown in Fig. 7.12. 

Fig. 7.12 Simplified Organization Chart of Operations Engineering Department (Dec. 1998) 

D.\DOC\IWESIS\7. Action Rcxuchwpd 



The line units that deliver maintenance and asset management services on the operating 

railway are headed by three managers: 

Operations Engineering Manager (OEM) - The categories of railway assets serviced by- the 

OEM Group include system-wîde equipment (such as overhead lines, signaling and 

telecornmunications network), as well as station facilities (such as automatic fare collection 

and building senices equipment) and rolling stock of the urban lines. It has three depots for 

train stabling and maintenance- 

Maintenance Manager CAR) - This Group is responsible for the maintenance operations of 

the Lantau Airport Railway (LAR), covering station facilities, rolling stock and civil works. 

The LAR provides two services, namely a domestic mass transit service linking Central (the 

business district), Kowloon with Tung Chung (a new town on Lantau Island), called the 

Lantau Line (LAL), and a dedicated service linking Central and Kowloon with the airport, 

called the Airport Express (AEL). The trains used on this railway are different fiom those 

used on the urban lines. They are stabled and serviced in a fourth depot located on Lantau 

Island. 

Civil Works Manager (C WM) - This Group is responsible for managing and maintaining 

the civil, structural, building and architecturai assets of the Railway. It deals with intemal 

parties in rendering maintenance services on the permanent way (tracks, tunnels) and 

structures. It dso deals with extemal parties in monitoring construction activities nearby the 

Railway to ensure the structural integrity and the safe operation of the MTR system. 

Operations Engineering Design provides technical support seMces that relate to rolling stock 

as well as electrical and mechanical (E&M) facilities managed by OED. These services cover 

design of asset replacement and major capital works which include refurbishment of existing 

assets. The Group also provides maintenance support to these assets when they encounter 



problems of repetitive failures, are involved in major incidents, or require design modifications. 

Discipline-based and Station-based Maintenance 

Both the urban lines and the LAR adopt similar practices for rolling stock and depot 

maintenance. However, they are stnictured differently in managing maintenance of assets other 

than rolling stock. The OEM Group adopts a discipline-based structure to handle this type of 

maintenance work. The Airport Railway (LAR) is confionted with new challenges - faster 

trains, longer at-grade open sections, airport interface management, a suspension bridge, and the 

introduction of platform screen doors and baggage handling systems. To meet these challenges 

cost-effectively, the LAI2 adopts the station-based approach to maintenance management. Its 

field maintenance units are organized by geographical regions, Le., Lantau Island and In-town 

regions. Each region, which may cover one or more stations, has a tearn of technicians and 

tradespersons who collectiveiy have al1 the required skills and resources to cany out the f k t  line 

maintenance tasks in its stations. The reasons for applying this approach are: 

The stations are larger in size. 

It fosters ownership and teamwork in the maintenance crew. 

The stmcture is more user-fiendly to the operating personnel, because each station is served 

by a dedicated team of maintainers. 

Many station facilities are computer controlled, thereby reducing the demand for skiils in the 

conventional trades. 

By necessity, the fiont line empioyees must be multi-skilled to provide the necessary 

flexibility. This can be a motivating factor to them. 

Line replaceable units are used as  a design principle whenever appropriate to enhance 

maintainability. For example, modular design is adopted in the baggage handling system so 



that any failed module of a conveyor cm be removed and replaced to recover the required 

fùnction within 45 minutes. 

Only recovery-based service is provided for corrective maintenance (CM) jobs. Thus, less 

training is required to develop the necessary skills in the technical staff. Tony Yeung, 

Maintenance Manager (LAR), points out that the price of adopting th is  approach is higher 

stock carrying cost. 

7.9. OED's Application of Balanced Scorecardo 

Performance measurement has always been a focus area in OED's management system. In 

July 1 997, the balanced scorecard @SC) and the strategic approach to performance management 

were introduced to T.P. Lo, OEM, by the researcher. In May 1998, OED started to apply the 

BSC concept to manage its performance on a trial basis. The strategic business units (SBU's) in 

the OEM Group were the initial users of balanced scorecards. These were section level 

scorecards. The OED scorecard was rolled out a short while later. The section leveI scorecards 

are linked to the OED scorecard in a cascading manner. Quality & Standards is the staff unit 

responsible for developing OED's BSC. It also provides technical support to the OEM Group in 

developing the section-level balanced scorecards within the Group. 

After having used this management tool for several months, the senior management of the 

depiutment decided that it was timely to take a critical evaluation of the efforts made so far. In 

September 1 998, the researcher was invited by Y.K. Chan, Quality & Standards Manager 

(Q&SM), to conduct a review with the following objectives: 

(a) Obtain insights into OED's current performance management system. 

(b) Critique the design of the scorecards used in OED and OEM's SBU's. 

(c) Make recommendations on friture development of OED's BSC initiative. 
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Prior to the review, the researcher gave two presentations as part of the effort to promote 

awareness and enhance understanding of the balanced scorecard in OED's new approach to 

performance management. The fmt presentation titled "A Strategic Approach to Managing 

Maintenance Performance'' was delivered at the "Balanced Performance Scorecard Seminar" 

held in July 1 998. The in-house event was attended by about 80 participants fkom the OEM 

Group and other Sections in OED. It generated considerable arnount of interest in the audience as 

judged by the enthusiastic discussion and probing questions raised during the Q&A session. The 

second presentation titled "Managing Maintenance Performance with Balanced Scorecards" was 

given at the OED Senior Management Group Meeting held in August 1998. The issues discussed 

during the Q&A sessions after these presentations include: 

Critical success factors for applying the BSC concept in performance management. 

The process used by other companies in introducing balanced scorecards. 

The role of cascading balanced scorecards in achieving organizationai alignment. 

Performance measures in the "Learning & Growth" perspective. 

7.10. Critique of OED's Maintenance Performance Management System 

Company documents were studied to obtain information on the company's vision, mission, as 

well as OED's organization structure, management systems, strategies, initiatives and 

performance measures in use. The views of line managers were an important s w c e  of 

information for the review. Through Q&SM, requests for interviews were sent to managers in the 

department with responsibility for providing maintenance services. The managers who had 

responded and were interviewed by the researcher are listed in Fig. 7.13. These i n t e ~ e w s  were 

conducted in September 1 998. 



Tony Yeung 

Simon Wong 

Adi Lau 

Francis Mok 

P.T. Chin 

David Cheng 

Position held af fime of interview 

Maintenance Manager, LAR 

Electronic Workshop Manager 

Civil Works Manager 

Control & Communications System Manager 

Electrical & Mechanicd Services Manager 

Fleet Manager (Rolling Stock Depots) 

Fig. 7.13 OED managers intenlewed in September 1998 

These interviews typically focused on the following areas: 

(1) Interviewee's role in the maintenance operation. 

(2) Existing practice of maintenance serviced by the interviewee's unit. 

(3) Key result areas and major initiatives of the interviewee's unit. 

(4) Existing prac tice of performance management 

Records of these interviews were written and sent to the informants for confirmation of 

accuracy. 

Subsequent to these interviews, a series of meetings were d s o  held with the followùig staff 

members in the Quality & Standards Unit: 

Y.K. Chan Quality & Standards Manager 

Felix Ng Standards Manager 

K.W. Li Standards Section Engineer 

Ryan Li Productivity Engineer 

Yvonne Ng Industrial Engineer 

The following issues relating to the design and application of balanced scorecards were 

discussed: 

(1) Methodology for identiQing major initiatives in the Business Plan. 



(2) Strategic issues identified by OED and the major initiatives developed to neutralize the 

perceived threats or exploit the envisaged opportunities. 

(3) Design of the Balanced Scorecards king used in OED and the OEM Group. 

(4) Setting of stretch (5-year) targets for performance measures. 

(5) Validation of the causal relationships between action plans and their expected outcorne. 

(6) Analysis and presentation of measurement data. 

OED's Cornputerized Management lnfonnation Systems 

The Department has a well structured system for generating daily, weekly and monthly 

performance reports fiom its Maintenance Management Information System (MMIS). These 

reports provide very usefd data for the detection and diagnosis of operational problerns. 

However, they are not able to convey a clear message of OED's strategic focus and what the 

Department believes to be the drivers of its future success. 

Apart fiom the MMIS, other information systems are also being used to measure other aspects 

of performance. These include Sectional accounts generated corn the financial information 

system, and data on staff training and nominations for training courses retrieved fiom the 

database maintained by Human Resources. These systems are designed for their specific 

purposes and are disjointed from each other, making it a strenuous task to review progress 

towards meeting strategic objectives. A properly designed balanced scorecard, which presents the 

strategic performance data fiom al1 the critical perspectives, can overcome ihis problem. 

OED's Balanced Scorecard 

Typically, a balanced scorecard features performance measures reflecting four perspectives - 

fiancial, curtomer, internalprocesses, and Iearning & growth. In OED's core activities, safety 

of passengers, staff  and contractors has always been a matter of utmost pnonty. To reflect the 
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emphasis on this issue, safety was added as a fifth perspective in its scorecard. The performance 

rneasures featured in OED's balanced scorecard for 1998 are listed in -4ppendix IV. 

Another significant feature in OED's scorecard is the large proportion of performance 

measures (6 out of 17) that are linked to customer service, indicating the focus of attention on 

customer service targets. These are hard measures which are either equipment based, such as 

train reliabifity and escalator availability, or system oriented, such asfiequency and total 

duration of train dehys due to equipment failure. To enhance the efficacy of the scorecard, the 

following recornrnendations were made by the researcher (Tsang 1998b): 

(a) In the Internal Processes perspective, it was suggested to include one or more measures 

relating to those end-to-end processes that are critical to satisQing customer needs. Typically, 

multiple parties are involved in such end-to-end processes. Service recovery tirne (average 

and the upper quartiie), counting fiom the moment when an incident is reported to the tirne 

when service is retumed to nomal, is an example of these rneasures. 

(b) The scorecard was usefid for reviewing the past, but not for predicting the future. It was rich 

in outcome measures (the m a t  items) but poor in performance drivers (the How items). 

More Zead indicatots ought to be introduced into the scorecard, and they should be linked to 

OED's strategic initiatives, such as implementation of the Integrated Management System 

(IMS) and development of a multi-skilled workforce. 

(c) Another area in need of improvement was the weak connections between performance 

measures and the declared strategic objectives. 'What are the appropnate measures for the 

Learning & Growth perspective ?' was a frequently asked questions raised by managers. 

While generic measures such as employee satisfaction, employee loyalty and value added per 

employee may be considered, organization specific measures in this perspective can be 

identified through those strategic initiatives that relate to manpower developrnent, knowledge 
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management, and organizational learning. 

The likelihood of establishg the desired connections may be enhanced by adopting a 

Strategy Planning and Deployment framework that features a stn~ctured approach to 

i&ntifj4ng performance measures and setting objectives and targets. An example of this 

h e w o r k  is presented in Fig. 8.7 and 8.8 in Chapter 8. 

Appendix VI shows a list of possible candidates of performance measures for OED's 

Scorecard, their classifications as well as their links to strategic objectives and major 

initiatives. The objectives and initiatives stated in the Appendix are fabricated only for 

illustration purposes. 

Section-Level Balanced Scorecards 

The OEM Group had taken the lead of cascading OED's BSC into scorecards for its various 

sections. The bdanced scorecard of Rolling Stock Depot, one of the SBUs in the OEM Group, is 

given in Appendix V. These second-tier scorecards serve as the vehicle for deploying 

departmental objectives to individual sections in the Group. As such, many of the measures and 

their related targets in the section-level scorecards are scaled down replicas of those in the 

Departmental Scorecard. I f  these measures are to produce real impact, they may need to be 

customized (in terms of definition and scope) to make them both meaningful and controllable at 

the working (section) level. in sorne cases, it may be necessary to include section-specific 

measures that have no similar cornterparts in the higher level Scorecard. 

By virtual of the cascading process, the shortcomings in OED's scorecard identified earlier are 

also inhented by the section-level scorecards. in order to achieve vertical alignment of sûategic 

objectives and major initiatives, the prescriptions for improving the toplevel scorecard aiso 

appIy to the design of scorecards at this level. These include establishing clear connections 

between strategic objectives and performance measures, as well as enriching the mix of Iead 
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indicators in the scorecard. The sections are also encouraged to incorporate customized (section 

specific) measures in their scorecards, following the guideline that mwures  are meaninghil to 

and controllable by the users. 

The infernalprocesses perspective at the section level is aiso labeled as the producriviîy 

perspective. It gives an impression that this perspective focuses mainly on efficiency, even 

though some of the measures in that perspective may be indicators of effectiveness. 

Change of Mind-set 

The problem encountered at CLP regarding the perceived fiinction of the balanced scorecard is 

also found in OED. Stakeholder participation, widespread discussion and training are essential to 

develop a better understanding of the BSC concept in the organization for successfiil application 

of the balanced scorecard. 

Appropriate modification ta the existing scorecards is also considered necessary in order to get 

the hl1 benefits of applying balanced scorecards. The upheaval of today's business environment 

mandates fast adaptation to changed market conditions so as to guarantee fùture success. For 

example, outsourcing more maintenance work may be an appropriate strategic move in periods of 

rapid expansion and tight labour market. However, the same move will be il1 conceived in a 

depressed market when the Company continues to adhere to a policy of maintaining a stable 

workforce. The balanced scorecard needs to faithfiilly reflect changes in strategic direction. 

7.1 1. Feedback from Questionnaire Suweys 

A questionnaire survey was conducted in early February 1999 to solicit views on OED's 

Performance Management System afker introduction of the balanced scorecards. The instrument 

used in Phase 1 was modified for use in this survey. There are five sections in the questionnaire, 

viz, 
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(1) Sections 1  and 2 are new additions in the instrument. They ask respondents to indicate their 

observation on the focus of discussions in Annual Management Reviews and Monthty 

Management Reviews, respectively. 

(2) Sections 3 and 4 were sections 1  and 2 in the instrument used in Phase 1. They ask 

respondents to indicate the importance of I I  dimensions in measuring OED's Departmental 

and Sectional performance, respectively. 

(3) Section 5 was section 3 in the earlier instrument. Some of the items in the latter had be 

removed because staff's opinion on those issues had k e n  polled in an earlier survey 

covenng a separate theme (see Appendix W for a listing of the removed items). After the 

trimming, this section has 10 statements that describe various aspects of OED's Performance 

Management System. 

The questionnaire was sent to al1 29 rnembers of OED Management Committee. Completed 

questionnaires were received fiom 9 members, the results of which are summarized below. 

Sections 1 8 2: Focus of Management Reviews 

Relative amount of tirne spent 

-=% I !A-% %-% I >'/. 

Annual Management Reviews (7 responscs ' ) 

1 Periodic Management Reviews (9 responser) 1 

1 .O 1 

1.02 

1 .O3 

Review o f  strategic issues 0% 

2 respdents  did not cornpletc Sdon 1 because thcy stated that the A M U ~  Management Review was not y* hcld. 

Review of strategic issues 

Discuss implications of issues 

Review past performance 

Fig. 7.1 4 Focus of OED's Management Reviews 
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29% 

29% 

29% 

3 

2 

3 

43% 

2% 

43% 

2 

3 

1 

29% 

43% 

14% 

O 

O 

1 

0% 

0% 

14% 



The responses to Sections 1 and 2 indicate that the focus of discussions is slightly biased 

towards review of past performance. The bias is more obvious in Penodic Management Reviews. 

However, 43% (3 out of 7) of the respondents indicated that at Annual Management Reviews ' 

about ?4 to % of the time was spent to discuss implications of strategic issues. 

Sections 3 & 4: Dimensions of Performance Measurernent 

The ' tery important7' scores of various dimensions as rated by respondents are ranked in 

descending order in Fig.7.15 and Fig.7.16. 

3 of the 4 top ranking dimensions in OED's top level performance measurement are identicai 

to the 3 top ranking dimensions in sectional performance measurement. They are: "Cos~financial 

return", "Equipment performance: reliability, availability, fault rate7', and "Safety & 

environmental managementy'. This list of top ranking dimensions differs fiom that obtained in the 

Phase 1 survey. It shows greater emphasis on equipment performance and safety and 

environmentai management in a large maintenance organization such as OED. 

The 3 lowest ranking dimensions in departmental performance measurement are: "Progress of 

strategic initiatives", "Relationships: customers, suppliers or contractors", and "Innovation 

(technologica1 or managerial), improvement". The first and the third of these dimensions also 

rank arnong the bottom 3 in sectional performance measurement. These results are similar to the 

corresponding findings fiom the Phase 1 survey polling executives fiom different types of 

organizations based in Hong Kong. 

These results indicate that in OED, performance meanwment at both departmental and 

sectional levels focuses primarily on conventional and 'liard" meastues, while peiformance 

drivers or "soft" measures are less emphasized. 



Measurement of departmental performance 1 Vexy important 1 
Equipment performance: reliability, availability, fault rate 9 100% 

Time: response time, recovery time, service delays 9 1 OQ'YO 

Cost / financial return 1 8 1 89% 1 
Safety and environmental management 1 8 1 89% 1 

Fig. 7.15 Ranking of dimensions in measurement of OED's performance 

1 Measurement of sectional performance 1 ~ e r y  Important 

Cost / financial retwn 

1 4.02 ( Equipment performance: reliability, availability, fault rate 1 7 (78% 
- ~ -  - -  

( 4.08 1 Safety and environmental management 1 7 1 78% 

Operation efficiency / productivity 1 6 1 67% 

Employee: capability, developrnent, satisfaction 1 6 1 67% 

Time: response time, recovery time, service delays 

- 

Fig. 7.16 Ranking of dimensions in measurement of Sectional performance 
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Section 5: Perceptions on OED's Performance Management System 

The data in this section are summarized using a collapsed 3-point scale, as explained on page 

6-4. Fig. 7.17 shows the "strongly agree or agree" scores of various items, ranked in descending 

order. 

At Ieast 78% of the respondents consider that: 

Al1 performance parameters are measured at the appropriate fiequency. 

The scorecard measures that relate to respondent's area of responsibility are meaningful. 

The targets of scorecard measures are established through a participative process. 

At the bottom of the ranked list are the following statements with which only 33% of the 

respondents agreed: 

Quality and timeiy data are available for evaluating the scorecard measures. 

Reward & recognition systems are aligned with OED's strategy 

These are the areas to be addressed in refining OED's Performance Management System. 

Other cornments made by respondents are: 

"We should try and link the cause/effect of our performance to the customer and provide 

visibility of this." 

"Should we have a new scorecard format that shows the trends over Say 12 months?" 

"The system must be easy to understand and be able to capture the attention of shop floor 

staff." 

"It (the balanced scorecard) enables us to focus more on monitoring real cost and cost 

effectiveness of our sections in the Department." 
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The targets of scorecard measures are established through a participative process 

r 

Al1 performance parameters are measured at the appropnate Erequency 

The scorecard measures that relate to my area of responsibility are meaningful 

1 Penonal goals and cornpetencies of individual staff are linked to strategy I 

i 

The scorecard that applies to my unit provides a balanced assessrnent of our total 
performance 

The scorecard results are presented in a user-friendly marner 

The scorecard results are widely communicated in my organization unit 

Adequate resources are allocated to make the strategy happen 

Quality and timely data are available for evaluating the scorecard measures 

Reward & recognition systems are aligned with OED's strategy 

Strongly agree or 
sec 

89% 

78% 

. - 

- 

I 

Fig. 7.17 Respondents' perception on OED's performance management system 

In another survey conducted by OED in late 1998, the opinions of its management and 

supervisory staff on broader issues were polled. Three of the questions asked in that survey were 

also related to the current practice of performance management (see Appendix VII). The reiated 

results are: 

60% of the respondents agreed that Executive Managers and Section Heads have direct 

involvement in setting direction for achieving the departmental objectives, as well as 

developing and implementing management systems to manage the department. There was a 

comment that Executive Managers concentrate on some objectives but not too keen on 
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others, such as productivity management issues. 

43% of the respondents agreed that leadership, purpose und objectives of the department are 

well understood by ail staffmembers. Suggestions and comments made by the respondents 

on this issue include: (a) enhancing the on-line documentation system to ailow rapid retrievai 

of information on vision, mission and objectives via the Intranet; (b) ensuring good 

communication with staf f  whenever there is change in leadership, pwpose and objectives. 

Only 3 5% of the respondents agreed that departmental performance indicators were in place, 

covering the aspects of safety, financial, customer, business processes as well as learning & 

growth, to help focus on business results and irnprovement actions. Some respondents 

suggested that the adequacy and effectiveness of existing customer seMce targets should be 

reviewed, and a methodoiogy for deployment of departmental measures into sectional 

measures be devised. 

These findings reinforce the point made in 87-10 Critique of OED S Performance 

Management System that promotion and training on the BSC concept should be intensified, and 

widespread discussion in the development of the scorecards should be encouraged (Change of 

Mind-set, page 7-33). 

7.12. Analysis and Presentation of Performance Data 

The dificulties of observing the effects of change initiatives were discussed at length between 

the researcher and the Quality & Standards (Q&S) group. These can be due to a number of 

reasons, such as the tirne lag between cause and effect is much longer than the review cycle, the 

prescription is not effective in producing the desired change, the implementation is flawed, or the 

action addresses the wrong problem. Usïng multi-variate regression analysis to predict future 

performance would require the use of sophisticated mode1 because results of the output measures 
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are highly auto-correlated, that is, the results of  one period are affected by those of earlier 

penods. 

The Dafa Envelopment Analyss (DEA) technique, introduced in Chapter 2, 82.7, can be used 

to compare the organization's multi-dimensional performance during one p e n d  with that of 

other periods. However, the measures involved are typicdly generic input and output measures. 

Performance drivers, which inform stakeholders the ' how' of achieving performance excellence 

in the filture, may change with time in response to new business realities. Thus, they cannot be 

featured in a DEA 

The analysis of data on individual measures was another contentious issue considered. The 

(Q&S) group was advised that snapshot data should be interpreted with caution because 

deviations h m  the average can be random variations of a stable process. This is particularly 

relevant to those measures that relate to rare events, such as industrial accidents. In such case, 

"time behveen accidents" or "accident rate" are more appropriate measures than "number of 

reportable accidents". Cumulative measures such as moving averages can also be used to smooth 

out period to period fluctuations. However, there is a catch - they are less sensitive to detect 

non-random changes in performance. 

The monthly results of balanced scorecards are shown in a tabular format, see Fig. 7.1 8. 

1 999 
1998 1999 * 

Strategic Measures A V ~  Target Jan. Feb. Mar. Comments 

Safety 

Safety Accident hjury Rate 

Reportable Accident Freq. Rate for Contractors 

Fig. 7.18 Ternplate of OED's Monthly Baianced Scorecard 

OED also uses a radar chart to present snapshots of balanced scorecards. They cal1 it the 
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'Performance Wheel', as illustrated in Fig. 7.19. Each sector represents the result of a measure 

for the penod under review. The 5-year targets of the scorecard measures are shown as 

equidistant from the centre, thus fomiing the Wheel's rim. Sirnilarly, the current year's targets 

are shown as the arcs of a smaller concentric circle (shown in dotted Iine). The actual results of 

the measures are plotted with reference to their deviations fiom these sets of near-term and long- 

term targets. 

Fig. 7.19 OED's Performance Wheel 

Colour codes are used to provide additional information on the status of individual results: a 

data point shown in red indicates that it has a detenorating trend; a measure that is improving is 

 show^ in green; and a measure that shows steady performance is in black colour. The Executive 
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Information System will be enhanced to enable users to retrieve drilldown information, such as 

the performance trail (nin chart) in the past 12 months or breakdown (the lower level measures), 

of a particular measure by picking the relevant segment of the Performance Wheel displayed-on 

screen. 

7.1 3. The Next Move at MTRC 

While there is room for improvement in their application of baianced scorecards, the executive 

managers and supervisory staff in OED are enthusiastic about the initiative. M. Brown. Chief 

Engineer (Operations), who is in charge of OED, fmds the balanced scorecard "to be an effective, 

holistic and well-balanced tool for the department to assess its performance, identie 

improvement opportunities, and initiate improvement actions on a continuous basis" (Brown and 

Chan 1999). He is also upbeat about the value of the Performance Wheel as it enhances visibility 

of the department's performance on the current key business issues and critical success factors. 

As part of its efforts to prepare for the tough challenges ahead, the Company is integrating its 

Operations and OED functions. Encouraged by the enthusiasm generated through the pilot 

application in OED and the positive staff  feedback on its worth, balanced scorecards will 

continue to be applied in the restructured organization. Obviously, the top level scorecard will 

have to be modified to embrace the additional fiinction &er the restructuring. 
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8. Discussion 

8.1. Scorecard for Maintenance Performance Management 

The Problern of Awareness 

Findings fiorn the case studies reported in this thesis indicate that many capital intensive 

organizâtions do not pay sufficient attention to managing their maintenance performance even 

though excellence in maintenance is key to the success of their business. Companies like CLP 

Power, MTRC and Dofasco where performance measurement is emphasized in maintenance 

management are the exceptions rather than the nom. This phenornenon is due to the following 

reasons: 

(a) Allocation of resources for maintenance is typically made through the operathg budget. 

Managers therefore regard maintenance as an expense item, not an investment to prevent 

loss of service to customers and to ensure fast recovery of failed assets that are mission 

critical. As a resuIt, managers tend to focus their attention primarily on the near-term issue 

of improving the bottom line - reduction of maintenance costs. Apart fiom maintenance, 

there are other stages of an asset's life cycle, including asset creation~constniction (up- 

stream) and asset replacement/disposal (down-stream). Maintenance should be intimately 

involved in these activities either as a party in the decision making process or as the 

implementer of the design. Thus, managers should regard maintenance as an investment 

that will provide the needed capability to deliver products and services to customers. 

(b) Managers perceive measurement of maintenance performance only as a diagnostic 

function for management control. The role it can play in sharpening smtegic focus, 

aligning efforts, and shaping desired behaviour throughout the organization is rarely 

recognized by managers. 
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(c) Most managers responsible for maintenance operations are engineers by training. As such, 

they tend to hold the view that problems have abstract solutions and that those solutions 

cm, in principle, be implemented in the real world. The engineering culture in these - 

managers makes them preoccupied with designing humans out of the systems rather than 

into them (Schein 1996). Therefore, these managers are more likely to manage their 

maintenance performance by tracking only equipment based or process based measures. 

Measures that reflect the worth of human assets in the organization are seldom tracked. 

From these observations, the following proposition is made: 

Proposition 1 - Maintenance performance management is emphasized in 

orgmizatiom where maintenance is regarded as an investment, an integral part of 

asset rnanagernerzt, and where managers have a holistic but nat machine-centric 

rnind-se r . 

Design of the Scorecard 

The baIanced scorecards developed by the proactive maintenance organizations covered in the 

action research have these characteristics: 

(a) Safety performance is one of the focus areas closely tracked by management using the 

maintenance scorecard. This is because maintenance îypically involves high risk activities 

leading to potentially catastrophic industrial accidents. Within the four-perspective 

framework of a typical balanced scorecard, measures on safety performance can be 

grouped under the "Customer" perspective. Safety performance is a customer issue 

because a maintenance unit's safety record projects an image on the quality of its 

management as judged by its clients. Furthemore, safety performance is closely 

scrutinized by the regdators and industrial accidents with actual or potential fatalities are 



widely publicized by the media. To highlight the importance attached to the issue, MTRC 

even includes "safety" as one of the perspectives in its maintenance scorecards. 

(b) Equipment based performance measures are usually grouped under the "intemd 

processes" perspective in the maintenance scorecard. However, some organizations 

cIassiQ these rneasures under the "customer" perspective when they relate to mission 

critical assets that interface directly with extemal customers. For example, 'escalator 

availability' and 'rolling stock availability' are measures under the "customer" perspective 

in MTRC's maintenance scorecards. 

(c) The typicai maintenance scorecards are rich in outcome measures but poor in performance 

drivers. Outcome measures are generic. They are only usefiil for reviewing the past and for 

benchrnarking across multiple organizations. To predict fùture performance, managers 

need to refer to lead indicators. These are performance drivers unique to the organization 

because each organization has its own theory of performance excellence which is 

ernbodied in its strategy. 

The problem identified above reflects that the weak Iinkage between performance 

measures and the espoused strategy is a common feature of maintenance scorecards. This 

is confirmed by results of the questionnaire surveys reported in Chapters 6 and 7 which 

show that "Progress of strategic initiatives" is ranked arnong the least important 

(rneasured) dimensions of performance in Hong Kong based organizations. The linkage 

problem is due to inadequate understanding of the perceived fiuiction of the balanced 

scorecard. The scorecard is not just a tool for ensuring that multiple perspectives are 

represented in the measures it contains. More importantly, it can be used to articulate the 

strategic focus of the organization in a form meaningful to those who will make things 

happen. 



The following proposition can be made fiom the forgoing analysis: 

Proposition 2 - Managers wiïh a good understanding of the balanced 

scorecard concept will be able ro use the b a h c e d  scorecurd to inform people of - 

the key resuh areas and show them how exemplav maintenance performance in 

these areas can be achieved. 

(d) '-Organizational Culture" and "Innovation and Improvement" are regarded as critical result 

areas in most organizations. However, they are often least adequately covered in the trial 

versions of maintenance scorecards, This is due to the novelty of taking measurements on 

these dimensions. Questionnaire surveys and interviews are usehl for the purpose of 

evaluating organizational culture. "Innovation and Improvement", on the other hand, can 

be inferred fiom "organizational iearning" which goes through three overlapping stages: 

cognitive, behavioural, and performance improvement. In the cognitive stage, members of 

the organization are exposed to new ideas, expand their knowledge, and begin to think 

differently. In the behavioural stage, members begin to intemalize new insights and alter 

their behaviour. In the third stage, these changes in behaviour culminate into measurable 

improvements in results such as reduced outage of service, shorter service recovery time, 

and optimized life-cycle costs. Quedomaire surveys and interviews that focus on 

attitudes and depth of understanding can be used to assess the cognitive level of leaming 

in the organization. Direct observation techniques such as operation audit or inviting 

outside consultants to attend meetings are useful to measure the behavioural change in the 

l earning organization (Garvin 1 993). Measures of the desired performance results are 

usually adequately covered in the scorecard. The challenge is to develop appropriate 

instruments and methodology for measuring changes in the cognitive level and behaviour 

so that the leaming within the organization can be tracked over t h e .  
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Other Tools of Performance Measurement 

Both the cause-and-effect diagram and the template for design of  performance measures had - 

been tested in the action research and found to be very usehl for development of the 

maintenance scorecard. The cause-andeffect diagram (Fig. 7.8, page 7-1 5) helps to stimulate 

discussions to identiQ strategic initiatives and to elucidate how these initiatives are related to 

each other in a coherent manner that will lead to superior maintenance performance. It is a highiy 

effective communication tool to inform people what are important outcomes and how these 

resul ts reinforce each other to del iver excellent senice to customers. 

The performance measure template (Fig. 7.1 0, page 7-1 8) is a design chec Wist. It guides 

managers to ask a series questions about the 'what', 'why', 'how', 'where', 'who', and 'when' of 

the measure under consideration. The Socratic style of iterative questioning and reflexive 

thinking involved is likely to produce performance measures that are relevant, meaningful and 

controllable, and these measures will drive the desired behavioural change in the organization. It 

also directs managers to consider operationai issues such as  the method for collecting data, and 

the availability of good quality and tirnely data. To reinforce ownership, each performance 

measwe's definition should be agreed and accepted by the manager accountab!e for the result. 

This can be achieved by getting the owners involved in designing these measures. 

The cause-and-effect diagram and the performance measure template are not mere design 

tools. they are vehicles that facilitate learning about the organization's theory of maintenance 

excellence. 

Validation of the causal relationship between strategy and performance results using 

quantitative techniques is not straight forward because maintenance performance has multiple 

dimensions and there may be long gestation between the introduction of changes and the effect 

they have on performance. ïhe complication in analysis is exacerbated when the strategic 

D 1.üûCiTHESIS~8. Discuss.wpd 8-5 lanuary 2000 



direction of the organization changes before the effects of the previous strategy have hlly 

developed. This is a problem faced by organi7ations experimenting with various initiatives to 

sharpen their competitive edge in this era of turbulence. 

M e n  only generic input and outcome rneasures are considered, the Data Envelopment 

Analysis (DEA) technique, introduced in $2.7 (pages 2-29 to 2-3 l) ,  is usefiil to compare the 

maintenance organization's multi-dimensional performance during one penod with that of other 

periods. The technique can also be used to compare the performance of multiple maintenance 

organizations for benchrnarking purposes. However, the analysis cannot inform people of the 

means to produce superior results because the time-dependent and context-specific performance - 

drivers are not featured in DEA. 

Results of measurements should be wideIy publicized at ail levels of the organization to 

promote accountability and stimulate the pursuit of excellence. Puning the scorecard results on a 

Web page accessible via the Intranet maximizes visibility. While run charts o f  individual 

measures provide valuable information about the trends of these measures, a consolidated view 

that summarizes snapshot of achievements versus targets, and the trends of ai1 the scorecard 

measures is very effective in capturing people's attention. The Performance Wheel used by 

MTRC is an exarnple of such a user-fiendly presentation tool (Fig. 7.19, page 7-4 1). 

8.2. Successful Application of BSC in Maintenance Management 

The lessons Ieamed fkom the action research indicate that the foIIowing conditions are 

conducive to successfül application of balanced scorecards in maintenance performance 

management: 

(a) A participative and social process is in place 

The social system involved in a change process requires three types of key players: the 



sponsor, the champion and owners of major change initiatives. Executive leadership is essential 

to mobilize the workforce to set the change process in motion. The sponsor is the leader who is 

accountable for the results of the change. He esbblishes the context - purpose and rationale, as 

well as the expected outcome - of the transformation, creates the social network for change, and 

provides the nesded resources to make it happen. A senior manager with jurisdiction over asset 

management is a suitable sponsor for introducing balanced scorecards to manage maintenance 

performance. The departure of the sponsor may undermine sustainability of the change effort. 

Priority previously accorded the new initiative may be lowered and support for the 

transformation may even be removed. 

The leader engages one or more champions to promote the use of balanced scorecards, develop 

the top level scorecard, drive the development of lower levei scorecards, and ensure that 

necessary resources and support systems are availabfe. While the sponsor creates the 'demand for 

change', the champion is instrumental to delivering the 'supply of change', through influence and 

communication. He gets the involvement of the stakeholders in designing the scorecards. 

Executive managers or peopIe fiom the staff unit responsible for setting service standards and 

tracking actual performance are appropriate candidates as champion of the transformation. 

The manager directly responsible for delivering the results of a measure featured in a 

maintenance scorecard is the owner of that measure. To nurture broad-based ownership of the 

scorecard, it is essential to have the participation of stakeholders in developing the maintenance 

scorecards and de fining the measures. 

(b) There is widespiead understanding of the balanced scorecard concept 

It follows fiom Proposition 2 (page 8 4 )  that when managers have a good understanding of the 

balanced scorecard concept, they will use the scorecard to inform people the contents (the 

'What') of the strategic objectives, and the courses of action (the 'How to achieve these 



objectives?'). Widespread discussion and training on the performance management system are 

extremely usehl in upgrading the requisite knowledge in the organization. Afier this has been 

done, getting people involved in developing the maintenance scorecards will elevate 

organizational Iearning beyond the cognitive Ievel. People are putting the concept into practice. 

(c) The organization's maintenance strategy is widely communicated 

Communications of maintenance strategy must address the context, content and the courses of 

action for achieving superior maintenance performance. These are amavers to the 'Why', 'What' 

and 'How' of the maintenance strategy. Context should articulate the reasons for adopting the 

espoused strategy in terms of the organization's intemal environment as well as the realities of its - 

extemal environment. While executive management realizes the rationale for embracing the 

strategy, the justification is ofien lost on the rest of the organization as they, fiom their much 

limited perspective, only see part of the whole picture. When clearly expressed and widely 

comrnunicated, context can rally the entire organization around a shared mission (Hamilton and 

McDonaid 1999). 

Content describes what need to be accomplished - the strategic objectives and their target 

values, expressed in terms meaningfiil to people at working level- Moreover, iinking performance 

measurement to attainment of simtegic objectives, one of the core concepts of balanced 

scorecard, makes the typically abstract strategy as real (tangible) as possible. Courses of action 

refer to the major initiatives formulated to bridge the gap between the status quo and the future 

state as specified by the strategic objectivés. 

The dynarnics of widely communicated context, content and courses of action of the 

maintenance strategy produces organizational alignment. When this is achieved, the benefits of 

local autonomy can be maximized and entrepreneurid flair in the organization witl not detract 

fiom the shared mission of the organization. 



(d) The momentum of change must be maintained 

In the initiai stage, the measures included in the maintenance scorecard may not be perfect. 

However, it is preferable to maintain some mornenturn in the process and not to introduce a - 

pause in progress while the imperfections of the measures chosen are analysed. Moreover, having 

some measures is better than having none, particularly in cases where previously there have been 

no measurement in certain perspectives such as 'learning and growth'. Encouraging this is 

important for the leaming process. In the early stages, it is more important to encourage the 

generation of ideas, the growth of confidence, enthusiasrn than it is to insist on absolutely valid 

measures and resulting activities (Daniels and Burns 1997). 

(e) The support infrastructure must be in tune with the espoused strategy 

The performance management system does not exist in isolation. It needs the support of other 

infrastructural elements in the organization. These include management information systems, 

reward and recognition, as well as the resource allocation mechanism. They must be in tune with 

the espoused strategy in order to send an unequivocal and coherent message to employees about 

the strategic intent encapsulated in the maintenance scorecards. The management information 

must be able to provide quality and timely data for the measurements in the scorecards. 

Furthemore, results of the scorecards should be presented in a user-fnendly manner, and they 

should be made accessible to as many employees as possible to create an atrnosphere of openness 

and to stimulate the pursuit of excellence. 

It is a common phenornenon that strategic planning and operational budgeting are 

disconnected processes (Kaplan and Norton 1996b). This way, resources allocated through the 

annual budgeting process may not be adequate to deliver the short-term expectations of the 

strategic objectives as documented in the maintenance scorecards. To prevent such problems, the 

strategic planning and annual budgeting processes should be integrated. The resource allocation 
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mode1 for deployment of discretionary h d s  must be tmed so that projects contributing to the 

h l  filment of strategic objectives will receive their fair share of resources. 

Inputs fiorn the stakeholders of the maintenance function are essentiai in setting targets and 

tuning the infrastructural matters discussed above. 

In the knowledge economy, the organization's most valuable asset is the energy and loyalty of 

its people - the intellectual capital that can quit and go to work for cornpetitors. The reward and 

recognition system regularly undermines that cornmitment. Consider a case in which continuous 
\ 

improvement and emphasis on staffdevelopment are the key elements of the chosen strategy for 

maintenance. Even though the maintenance scorecard signals a balanced focus on both financiai - 

indicators and performance drivers, teams and individuals are rewarded solely on the basis of 

their performance as reflected by short-term indicators such as cost savings and head count 

reduction. Obviously, the reward and recognition system is encouraging people to behave in a 

manner which is at variance with the strategic intent (Tsang 1998a). Tuning the reward and 

recognition system in support of strategic objectives removes mixed messages sent to people in 

the organization. This issue is discussed M e r  in $ 8.3 that follows. 

Inputs fiom the stakeholders of the maintenance hction are essential in Ming these 

infiastructural matters. 

8.3. The Approach to Managing Maintenance Performance 

The contemporary business environment is highly turbulent. The direct forces creating the 

turbulence in maintenance operations have been discussed in Chapter 1. These include changes 

in the technical system - emerging trends of operations strategies, and technological changes 

that open new opportunities and present new challenges to maintenance. The business imperative 

of the Iarger whole, the corporation, also has an impact on maintenance management, particularly 
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in capital intensive settingw The likelihood of deregdation in what used to be highly regulated 

businesses (e-g., CLP Power), the erosion of competitive edge due to the changed market 

infrastructure and the emergence of new cornpetitors (as in the case of MTRC) are examples of 

these market forces with profound repercussions in maintenance operations. The scenario 

confionted by the host organizations covered in tbe research study (Chapter 7) illustrates such 

market forces in action. Operating in this type of turbulent envuonment, what had served us well 

yesterday may not be appropriate to ensure competitiveness tomorrow. Socio-technicai System 

analysis (STS), first introduced in Chapter 2 (pages 2-26 to 2-27), provides a methodology to - 

design a performance management system that will fit in the specific operating environment. Fig. . 

8.1 compares the characteristics of effective maintenance organizations in stable and turbulent 

environments, respectively. These characteristics are grouped under five categones, namely 

business environment, technical sy stem, environmentaVtechnica1 interface, social system, and 

work design. 

EnvironmenüTechnicaI Interface 

Features of the business environment and the technical system (maintenance technoiogy and 

methodology) have been discussed in earlier ;haPters. The interaction between these two systerns 

produces significant impact on maintenance management. In a stable environment, the focus of 

management is to maximize return on assets. With a hi& level of predictability of operational 

needs (low risks), "arms length" relationships with customers (the operations/production 

department), contractors and other stakeholders (employees, regdators, etc.) were adequate. In a 

turbulent environment, the fiequent introduction of process innovation and new technology is 

designed to firlfill a different mandate - to support creation of competitive edge. This approach 

involves considerable risks, and its success depends a iot on close working relationships of 

multiple stakeholding groups. Fig. 8.2 maps these stakeholding groups to their traditional roles 



in asset management. These stakeholders should work as partners. In fact, the demarcation 

between groups is getting blurred as the traditional roles are undergoing transformation. For 

example, in organizations which practice TPM, the operators' role is redehed to include also 

routine inspection, cleaning, lubrication and minor repair of their machines, as well as 

involvement in improvement activities for enhancement of equipment and people performance. 
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Fig. 8.1 A STS-based h e w o r k  for determinhg the approach to managing 
maintenance performance 



Pn'mwy role in maintenance 

Commission and maintain assets .-------_)___---------------------------- 
Use the assets to produce or deliver services - 
Leam fiom the design of existing assets .-------------------------------------- 
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Fig. 8.2 Stakeholding groups and theü traditional roies in asset management 

The rapid introduction of new technology typically requires significant input fiom suppliers 

and outside experts. Trust, shared interest, collaboration for mutuai benefits - the ingredients of 

partnership relationships - are essential for successful technology transfer. Within the 

organization, partnership relationships should also be developed between management and the 

employee, and between different units to smoothen transformations such as restmcturing of the 

organization. The adoption of a fair process embody h g  the three mutually reinforcing principles 

of engagement (participation), explanation (open communication), and expectation clarity is the 

key to drive out fear, earn the trust of those affected, and most importantly, to achieve alignment 

of goals to make changes happen (Kim and Mauborgne 1997). Taylor and Felten (1993) 

summarize the essence of stakeholder participation in complex systems that are in a state of flux: 

"Participation in learning to understand (analysis), discovering what to change (design), and in 

organizing to succeed (implement) is empowerment. Anything less is not iikely to be as 

effective." 



Social Systern 

Turbulence in the environrnent has its impact on the social system of maintenance. No longer 

are the employment requirements of maintenance practitioners (professionals and tradesmen) 

stable. Expectation of fast response, speedy and cost effective service, ïnterdisciplinary nature of 

technical systems, rapid technological changes, and the option of alternative service delivery are 

the contemporary forces driving the need for flexibility in maintenance service providers. Multi- 

skilled and flexible maintenance practitioners are more likely to be able to satisQ these multiple 

requirements than those undertaking narrowly defined tasks using a timited set of skills. Multi- 

skilling can occur within a functionai grouping by extending over a number of crafi skills, such 

as merging the trade classes of jointers and oil fillers required for laying oil filled cables in power 

transmission systems. It may also occur across a number of disciplines to support cornmissioning 

of plant equipment and other general types of activities. However, wholesale adoption of muiti- 

skilling in the workforce may not be advisable. For exarnple, it is not desirable to make certain 

grades of employee multi-skilled when it runs the risk of diluting special expertise required to 

support superior technical training, or compromising adherence to safety operating standards. 

Work Design 

The technical system, the social systern and its environment are brought together when 

maintenance work is designed. It is management's responsibility to develop a work design that 

wi11 achieve an optima1 fit between the organization and its environment. Work design inchdes a 

number of organizational elements: task design, structure, information flow, performance 

management, reward and recognition. The implications for these dimensions are summarized in 

Fig. 8.1. These implications are denved fiom the following principles of STS design (Taylor and 

Felten 1993): 



Minimal critical specification - specie as little as possible, and identify only what is 

essential and critical to the organization's success. 

Boundary location - organizational units (work teams) are designed to facilitate sharing 

or flow of information, knowledge, and skills. 

Multi-functionality - tasks perforrned by individual members should be stnictwed to 

achieve higher flexibility, enhance adaptability, and reduce waste. 

Human values - design work that will motivate ernployees. 

Support congruence - management should be consistent and that its actions should be 

compatible with its expressed philosophy. 

Maintenance work in a stable environment can be effectively performed by employees whose 

tasks are individually and narrowly defined. The ciear definition and demarcation of work serves 

as a usehl coordination mechanism when the nature of work does not change much over tirne. In 

the contemporary scenario, however, maintenance operations are highly complex and fiaught 

with uncertainties. The complexity cornes fiom the variety and novelty of technologies embedded 

in the technical system, as well as the multi-dirnensional performance requirements, the profile of 

which may shift with the prevailing forces operating in the extemal environment. The 

uncertainties in maintenance operations arise fiom risks o f  developing expertise in servicing a 

new generation of assets, and the likelihood of obsolescence o f  the new capabilities king 

acquired. In the face of these challenges, the STS design principles of 'minimal critical 

specification', 'boundary location' and 'multi-functionality' suggest that maintenance service 

providers should organize its workforce into autonomous work groups, each responsible for 

deIivering "one-stop-shop" service to clients. The group should possess al1 the knowledge, skills, 

and abilities needed to produce a complete and identifiable output. The migration fiom 

discipline-based to station-based stnicture in the organization of fiont-line maintenance 
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operations for a railway system is one such example. Another form of work group design that 

offers fiexibility is to integrate the workforce for construction, operation and maintenance. At the 

level of individuals, the t muhi-functionality' principle suggests that maintenance professionals 

should be deployed to manage end-to-end work processes covering design, planning, 

organization, resourcing, and control of jobs concerning creation, commissioning, maintenance, 

refurbishrnent or disposal of physical assets. Rigid and mechanistic structures that preserve 

stability are ill-fitted in an environment where speed and uncertainty are the imperative. Organic 

and networked structures are more agile in rendering fast recovery services to mission critical 

operations and in making adjustrnent to change. 

Shani, et al (1992) s m a r i z e  the centrality of the social system in change management this 

way: "critical management problems arise not in the adjustrnent of the technical system, but in 

the adjustrnent of the social system. Not only are the time frames required for adjustment much 

longer, but the problems of interpersonal relations and organizational structures are far less 

transparent and much less easy to define than those of technology." In order to foster a culture 

where change is the nom, the 'human values' in the STS design principles must be addressed to 

motivate employees through empowerment. This implies that members of a maintenance team 

should have access to information on and control of variances (deviations fiom normal, expected 

or average state of throughput) that occur in their work. Information should go first to the point 

of action instead of vertically through the hierarchy. This will enable self-management and avoid 

micro-management. Sharing of information horizontaiiy across units is also essential for internai 

benchrnarking and organizational leaming. 

Performance management in a stable environment is used pnmarily as a control tool. Thus, it 

focuses on the transactional aspects of maintenance, using outcome measures such as 

maintenance cost per unit of output, average service recovery time, availability of  revenue 



generating assets, etc as performance indicators. in an era where an organization's competitive 

edge can be eroded or even wiped out quickly as the playing field is reconfigured, strategic 

directions have to be reviewed constantly and new ones adopted swifily to avoid the threats and 

exploit the oppominities created by the changed environment. A performance management 

system that focuses on strategic dimensions is a mechanism that can nimbly align efforts in the 

organization toward the shared vision. The balanced scorecard with its measures linked to the 

espoused strategy informs people of what are the dnvers of performance excellence and the 

extent to which the performance targets have been achieved. It influences people's behaviour so 

that it is in line with the strategic intent of the organization. 

Reward and recognition are typically individual and seniority based. These could be effective 

for developing employee loyalty. However, teamworking, multi-hctioning, resourcefblness and 

work related knowledge - the personal attributes in demand in turbulent time - are not 

particularly encouraged in such systems. 'Support congruence' in STS design suggests that 

organizations should not Say one thing and do another, Le., Say one thing and reward another. 

Pfeffer (1 996) asserts that "rewards and measurements need to be aligned with the ways in which 

people are to be managed". Formation of autonomous work groups will be dificult, if not 

impossible, to produce supenor performance if reward and recognition are not group and ski11 

based. 

8.4. A Framework for Managing Maintenance Performance 

Fig. 8.3 shows a five-step fiamework for managing maintenance performance. 

Step 1 : Formulate Maintenance Stntegy 

Strategy is the organization's theory of performance excellence. It communicates the 

organization's long-term goals and the approach to achieving these goals. The maintenance 



strategy to be pursued should align with the corporate vision and business strategy. It should be 

forrnulated with participation of the stakeholders of maintenance - senior management, key 

personnel in the maintenance units, and the users of maintenance services - using techniques 

such as focus group discussions, scenario planning, and SWOT (strengths, weaknesses, 

opportunities and threats) analysis. 

Maintenance do 7::;; 1 
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Review 

7 

Establish 
Objectives, Set 

Targets 

r 

Rationalite Develop 
Maintenance Initiatives & 

Scorecard Action Plans 
J 

Fig. 8.3 A h e w o r k  for managing maintenance performance 

Step 2: Establish Strategic Objectives, Set Targets 

The strategy forrnulated in the previous step is ofien too abstract to frontline staff who play a 

crucial part to make things happen. It is therefore necessary to articulate the espoused strategy in 

terms meaningful to the them. Thus, the strategy needs to be translated into strategic (long-term) 



objectives, the attainment of which can be determined by appropriate performance measures with 

their related targets. The strategic objectives are built around the multiple perspectives in the 

Balanced Scorecard to encourage behaviour leadhg to sustainable improvement. Instead of - 

following the common practice of extrapolating fiom past performance resdts, it is advisable to 

set challenging yet credible shvetch performance targets on the basis of what have been anained 

by best-in-class organizations identified through benchrnarking exercises. 

Again, it is desirable that decisions in this step are made with full participation of the 

stakeholders. The cause-and-effect diagram and the performance measwe template are usefiil 

tools to show the logics behind the selected strategic objectives and the performance measures 

featured in the maintenance scorecard. 

Step 3: Develop Initiatives and Action Plans 

Strategic initiatives have to be mapped out and specific action plans developed in order to 

rneet the strategic objectives. The Planning Matrix used in Quality Function Deployment (QFD) 

can be put to good use in this step. The rows in the matrix are used to list the strategic objectives 

identified in step 2, and the colurnns are used to indicate the necessary initiatives and action 

plans. If a relationship exists between a pair of strategic objective and initiative, its intensity 

(strong, moderate, or slight) is indicated by an appropriate symbol in the ce11 formed by the 

intersection of the related row and colurnn. Fig. 8.4 is an exarnple of a Planning Matrix. A check 

of the entries in the matrix will expose anomalies such as strategic objectives not addressed by 

any initiative/action plan (objectives corresponding to empty rows), conflicting action plans, and 

action plans not contributing to the fùlfilment of any strategic objective (action plans 

corresponding to empty columns). The matrix also gives information for prioritizing the 

initiativedaction plans. Performance measures are then identi fied and their targets established. 



These are used to track progress of the initiativedaction plans. Whilst performance measures that 

are derived fiom strategic objectives are prirnarily outcorne meusures (log indicators). those that 

are 1 inked to ini tiit ives usually are performance drivers (lead indicators). 

Action 
Plan 

Targets 

1999 

Strategic 

Objective 

Targets 

v 

Reduce staff accident rate to 
O. 70 

Reduce number of more than 
30-minute delay to zero 

Strength of relationship: 

A = Slight 

Fig. 8.4 Linking strategic objectives to action plans 
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Step 4: Rationalize the Maintenance Scorecard 

Typically, a large number of perfomance measures can be identified in Steps 2 and 3. 
4 

Recognizing the lirnited attention span of the manager, the Baianced Scorecard should have 

around 20 performance measures. Thus, only performance rneasures that have a strong linkage 

with strategic objectives or major initiatives will fmd their way to the Scorecard. A template for 

docurnenting the finished design of the Balanced Scorecard has k e n  introduced in Chapter 2 on 

page 2-1 7. It is reproduced in Fig. 8.5 shown betow. 

I)¶issioa & 
Strategy l 

Finr ncial P 
Customer 

Intemal 
Proccss 

Learniag & 
Growtb 

Fig. 8.5 Template for Design of the Balanced Scorecard 

Once the top level maintenance scorecard has k e n  designed, the strategic objectives and 

related performance measures will be deployed to various units in the organization for 

formulation of the lower level scorecards following a procedure similar to the one just described 

At MTRC, the strattegic objectives down to the section Ievel are derived fiom the long-tenn 

objectives of the operating railway in a cascading manner using a three-phase process, as 

illustrated in Fig. 8.6. 

Again, if a relationship exists between the entries of a row and a column, its strength (strong, 
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moderate, or slight) will be indicated by an appropriate symbol in the ce11 formed by the 

intersection of the column and the row. DXerent weights are assigned to different symbols 

according to its intensity. For exarnple, weights for strong (a), moderate (0) and slight (A) 

relationships c m  be 10, 5, and 1, respectively. Blank cells in the matrix will have zero weight By 

aggregating the weights in each column, the objectives in the columns can be prioritized 

accordingly.  ho& objectives with higher pnonties are then deployed to the next level ma& as 

the row entries. 

OED 3- to 5-Year 
Objectives 

Phase 1 Matrix Phase 2 Matrix 

Sectional 
Objectives 

Phase 3 Matrix 

Fig. 8.6 Formulation of departmental and sectional objectives at MTRC 

Step 5: Measure Performance and Review 

The Balanced Scorecard should not be cast in stone. Typically, it is subject to critical review 

annually when the new business plan is king developed. However, managers should scrutinize 

the design at more fiequent intervals, Say in the monthly management meetings, to validate its 

currency. In particular, it should be revised to faithfilly reflect changes in strategic direction, or 

when use of irrelevant performance measures is detected. 

The stnictured approach to strategy planning and deployment recentiy adopted by MTRC's 

Operations Engineering Department (OED) is an implementation of the above framework. An 

outlhe of OED's process is shown in Fig. 8.7 and Fig. 8.8. 
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Fig. 8.7 Formulation of Departmental Plan, Operations Engineering, MTRC 
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Fig. 8.8 Formulation of Sectional Plan, Operations Engineering Department, MTRC 
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Conclusion 

9.1. Research Accomplishments 

Performance management is gaining recognition as a strategic issue in senior management. For 

example, in an international standard, ISOKD2 ISO 9004:2000, Quality Management Systems 

- Guidance for Performance Improvement ', clause 5.1.1 states that "Top management should 

also define a mechanism for evaluation of performance in the strategic decision making process, 

which is their direct responsibility." Performance management involves establishing a 

mechanism to cornmunicate the organization's strategic intent, influencing employees' behaviour 

for the bene fit of the organization, tracking progress to wards targets, and reviewing effectiveness 

of action plans. A key element in performance management is the measurement of organizational 

performance. The importance of performance measurement in the pursuit of performance 

excellence is echoed in two of the core concepts embedded in the assessment cnteria of Malcolm 

Baldrige National Quality Award (MBNQA) of the U.S.' These core concepts are: 

Management by Fact - "Performance measurements must derive fiom the 

organizarion '.Y sîraiegy and provide critical data and infarmation about key processes, 

outputs, and resuits. Many mes of data and information are needed for performance 

measurement and improvement ." 

Results Focus - "An organization 's perfrmance memurernents need to focus on key 

' ISOKD2 ISO 9004:2000 i s  a Comrnittee Dr& of the revised ISO 9004 standard 
scheduled for publication by International Standardization Organization (TSO) in 
fourth quarter 2000. 

* "1999 Criteria: Core Values, Concepts, and Framework", National Institute of 
Standards &: Technology (NIST), US Government. Source: 
http://ww.quality .nist.gov/docs 



Thus, organizational performance s hould be measured in a balanced rnanner, taking into 

account multiple perspectives - financiahon-financial, internaUextema1, performance 

drivers/outcomes, etc. The balanced scorecard is a vehicle to meeting the needs of performance 

management as set out above. 

Previous studies on balanced scorecards focussed primarily on their application in managing 

performance at corporate and business unit levels. The extent to which balanced scorecards can 

be applied to manage performance of maintenance operations in capital intensive organizations is 

a targely unexplored research area. This research is an investigation into an uncharted area of 

maintenance management. The study was perfonned using the action research methodology with 

the researcher play ing an active role in transforming the maintenance performance management 

systerns in the collaborating organizations. 

The contributions of this research project in adding knowledge to maintenance performance 

management are summarized below: 

(a) The common practices of maintenance performance management have been documented 

and their deficiencies identified. The fmdings highlight the need to adopt a strategic and 

holistic approach to measuring maintenance performance in capital intensive organizations 

($5.10). A suitable approach that involves the use of balanced scorecards for performance 

measurement has been proposed (pages 2-2 1 to 2-22). Design of these scorecards shodd 

be driven by the organization's maintenance strategy. The principal dimensions of 

maintenance strategy have been analyzed and the related key decisions identified 

(Chapter 3). The key elements of implementing organizational transformation triggered 

by a change of maintenance strategy are aiso examined. 

(b) A socio-technical system (STS) based framework bas k e n  proposed for determining the 

approach to maintenance performance management that will fit in the specific operating 
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environment (58.3). The framework organizes the characteristics of  a maintenance 

organization into five categories. namely business environment, technical system, 

environmentaVtechnical interface, social systern, and work design. A cornparison of these 

characteristics under stable and turbulent environments, respectively, is also presented. 

(c) A five-step framework for managing maintenance performance in capital intensive 

organizations has been proposed (98.4). It is designed to achieve alignment in the 

organization for performance excellence. Issues such as strategy formulation and 

deployment, linkage be tween performance measuremen t and the strategic focus of the 

maintenance operation, and review of the measurement system are addressed in the 

framework. 

(d) The characteristics of the initial balanced scorecards developed by maintenance 

organizations are identified (Design of the Scorecard, pages 8-2 to 8-4). These 

scorecards are typically machine-centric, rich in outcome measures but poor in performance 

drivers, and the linkage between scorecard measures and the espoused strategy of the 

maintenance organization is weak. 

(e) Two propositions on maintenance performance management are derived from the findings 

of this research project, viz: 

Proposition 1 - Maintenance performance management is emphasized in organizaiions 

ivhere maintenance is regarded as an investment, an integral part of asset management, and 

where managers have a holistic but no? machine-centric rnind-set (page 8-2). 

Proposition 2 - Managers with a good understanding of the balanced scorecard 

concept will be able to use the balanced scorecard to infonn people of the key result areas 

and show them how exemplary maintenance peflonnance in these areas can be achieved 

(page 8-41. 



The tools for design, deployment and vaiidation of the maintenance scorecar& have been 

identified (Other Tools of Performance Measurement, pages û-5 to 8-6). These 

include cause-and-effect diagram, performance measure template, planning matrices, and 

data envelopment analysis (DEA). The presentation and interpretation of scorecard results 

are also discussed with users in the action research. 

Conditions conducive to successfbl applications of balanced scorecards for maintenance 

performance management have been identified through observations fiom the action 

reseârch ($8.2). These include: 

A participative and social process is in place 

There is widespread understanding of the balanced scorecard concept 

The organization's maintenance strategy is widely cornmunicated 

The rnomentum of change must be maintained 

The support infrastructure must be in tune with the espoused strategy 

Limitations of this research project 

The inquiry into application of a strategic and holistic approach to managing maintenance 

performance is constrained by the availability of suitable subjects - maintenance organizations 

which would take the pioneering step to put it into practice are rare. As a result, the action 

research methodology was adopted in this study, and only two maintenance organizations of the 

target group - capital intensive businesses - were successfidly recruited as collaborating 

partners. In this type of study, the researcher was not a mere observer; he d s o  played the active 

role of a change catalyst in the transformation process. Data rich in contextual information were 

collected and they were validated by subjects of the study. A possible weakness in this study is 

the researcher's biased perceptions of the observed phenomena. To overcome this problem, and 



resources permitting, multiple investigators should be deployed to collect data fiom each 

sarnpled organization. This strategy offers three key advantages. First, the multiple observers 

enhance the creative potential of the study. Second, the convergence of obsewations fiom - 

multiple investigators enhances confidence in the findings. Third, confiicting perceptions of 

different investigators prevents premature closure of the research. 

With just two test sites, only exploratory study c m  be performed. It would be desuable to 

recruit more maintenance organizations as subjects of the investigation so that between-case 

analyses can be performed to validate the theories and fkameworks developed by t h e  exploratory 

stud y. W ith a reasonable sample size, quantitative research designed to test hypotheses denved 

fiom theories can also be performed. Strategic performance management is currently an 

emerging concept. It takes t h e  for the diffusion of the concept to reach a state such that the 

concept is turned into practice in more than a handfûl of p i o n e e ~ g  maintenance organizations. 

Thus, hypothesis-testing type of quantitative research has to wait until that time cornes. 

The use of data envelopment analysis (DEA) technique to track multi-input and multi-output 

productivity of a maintenance organization has k e n  suggested as a means to review 

effectiveness of the strategy in use. The problems likely to be encountered in such application 

need to be identified through testing with field data. However, this was not performed in the 

study because strategy-driven performance rneasurement was only introduced for just over one 

year in the test sites. To smooth out seasonal effects, yearly data should be used in the evaluation. 

Thus, data fiom several years would be required in order to have meaningfùf analysis. 

The questionnaire survey conducted at MTRC in February 1999 had two shortcomings. First, 

the response rate (9 out of 29) was low. It could be the effect of questionnaire blues because the 

same group of staff had k e n  polled in another questionnaire survey on a related but different 

theme administered in November 1998. If the two surveys were integrated into one, the response 



rate would be much higher and people's perception could be determïned with a higher level of 

confidence. The second problem with the survey is that it only captured a snapshot of the 

situation in an early stage of the transformation. Similar surveys should be conducted at say 

yearly intervals to assess progress made in ernbedding strategic performance management in the 

organization's systems. 

There is room for improvement in the balanced scorecards used at CLP Power and MTRC. 

The imperfections in these scorecards are largely attributed to insufficient understanding of the 

theory underlying the new measurement tool. The five-step pefiormance management framework 

proposed in Chapter 8 is expected to solve this problem through widespread discussion and 

training built into the process. 

Performance cirivers, organizationai cuiture, innovation and improvement are the cornmon 

blind spots in maintenance scorecards developed at the test sites. More guidance should have 

been given to managers of the host organizations as an antidote to the problem. However, even 

with such efforts, less than perfect scorecards may still be used because of other considerations 

such as unavailability of quaiity and timely data, and managers' desire to minimize changes in 

the performance measures currently king tracked (the comfort of the status quo). 

9.3. Recommendations for Future Study 

Possible extensions of this research project that will address its current limitations have boen 

discussed in the preceding section. Other suggestions for future research work on maintenance 

performance management are listed below: 

(a) Revisit the application of balanced scorecards in the maintenance organizations of CLP 

Power and MTRC, and review the progress made in embedding strategic performance 

management in their operations. 



Formulate methodologies and develop tods to iden te  measures relating to performance 

drivers, organizational culture, innovation and improvement that communicate the 

strategic intent of the maintenance organization. 

Develop tools to validate the causal relationships between strategic initiatives and 

performance results. The time lag between action and effect, as well as likely changes in 

strategic directions present tremendous challenge to such an undertaking. 

Detemine the type of reward and recognition system that will reinforce vertical alignment 

and horizontal integration to achieve excellence in maintenance performance. 

Perform empirical studies to validate the two propositions on maintenance performance 

management presented in Chapter 8. 

Perform empirical studies in maintenance organizations to validate the favourable 

conditions for application of balanced scorecards identified in this study. 

Use the STS-based framework proposed in Chapter 8 to analyse the observed 

characteristics of high performance maintenance organizations operating in turbulent 

environrnents, with the practice of performance management as one of the focus areas of 

the study. 

Concluding Remarks 

Maintenance performance management involves much more than rneasuring performance of 

physical assets. The process that delivers asset performance in support of existing business 

operations and contributing to long-tenn success of the organization must be managed too- 

Capital intensive organizations need to address the issue as a matter of strategic importance and 

measure maintenance performance holisticall y using baianced scorecards. The five-step 

framework proposed in this thesis provides the road-map for making the paradigm shift in 



managing maintenance jxrformance. The tools and lessons learned fiom the action research are 

useM to organizations which will take the challenge of adopting the approach in their pursuit of 

sustainable excellence in maintenance perfannance. 

What makes an organization tick are the hearts and minds of its people. When peopte have 

shared objectives aligned with those of the organization, action plans are clearly communicated 

to those responsible for implementation, work is stmctured to achieve fast response and 

minirnize loss, and efforts are reinforced by support systerns, these people (who may include 

extemal partners such as suppliers and extemal service providers) will have the intrinsic 

motivation to make performance excellence a reality . 

Performance measurement is a hallmark of strategic maintenance performance management. 

However, the performance measures king tracked will only provide usehl information for 

guiding management decisions and shaping desirable behaviour if they are linked to the espoused 

maintenance strategy, and the results of these measurernents are widely communicated to 

stimulate discussion and facilitate organizational learning. A good understanding of the balanced 

scorecard concepts is essential to do a proper job of performance measurernent. 
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Appendix II 

Dimensions in measuring performance of Company I SBU 
(63 val id responses) 

Dimensions in measuring performance of an Organizational Unit 
(6 1 valid responses) 

Item NQ 

1 .O1 

1 .O2 

1.03 

1 .O4 

1 .O5 

1 .O6 

Item NQ 1 Very ii portant 1 Somewhat important 1 Not important 

Somewhat important Very important 
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1 .O7 

1 .O8 

1 .O9 

1-10 

1.1 1 

Not important 

9 

25 

27 

29 

17 

30 

50 

26 

31 

3 1 

42 

27 

4 

12 

5 

3 

4 

6 

12 

15 

18 

18 

I O  

14% 

40% 

43% 

46% 

27% 

48% 

79?? 

41% 

49% 

49% 

67% 

43% 

6% 

19?? 

8% 

5% 

6Yo 

10% 

190A . 

24% 

29% 

29% 

1 66/0 

5% 

40% 

48% 

46% 

63% 

14 

23 

15 

16 

13 

22% 37 

37% 25 

24% 30 

25% 

21% 

29 

40 



Appendix III 

Perceptions on Company's Performance Management System 
(60 valid responses) 

Item NP 

Neither agre 
nor disagrce, or Strongly 

don't know Disagree disagree 
Strongly 

agree Agree 
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Appendix III 
(Continued) 

Perceptions on Company's Performance Management System 
Coilapsed Response Scale 

Strongly 
agree or 

Item NQ 1 agree 

Page A - 5 



Appendix IV 

Performance Measures in OED's Balanced Scorecard for 1998 

Safety 

Financial 

Performance Measure 

OED Staff Accident Injury Rate 
Reportable Accident Frequency Rate of OED Contractors' Staff 
Operating Railway Risk Index 
- -- 

OED Maintenance Costs / Passenger Journey @ 90's Price 
OED Maintenance Costs / Revenue Car-km @ 90's Price 
Capital Works Costs Achieved : Total Depreciation Charge 

- -  - 

Gate & Ticket Machine Reliability 
NP of Train Service Delays > 5 min. due to Equipment Failure 
Sum of Initial Delays > 5 min. due to Equipment Fail ure (min.) 
EMU Performance (kkrn / incident) 
EMU Availability (%) 
Escalator Availability (%) 

Haform Screen Door Availability 

CM Recovery Time Against Down T h e  
Percentage Coverage of Scheduled PM (%) 
Capital Works Achievement 

Training Hours Ratio 
Internai Promotion and Transfer Rate 

Note: The item shown in irnlics wiIl be included in LAR's Baianced Scorecard to be rol led out 
in 1999 
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Appendix V 

Performance Measures in 
RS Depots Section's Balanced Scorecard for 1998 

Safe ty 

Financial 

Customer 

Interna1 f rocesses 

Performance Measure 

Staff Accident Injury Rate 
Reportable Accident Frequency Rate of Contractors 
Operating Railway Risk Index 

Capital Works Costs Achieved : Total Depreciation Charge 
Maintenance Costs per Passenger Ioumey @ 90's Pnce 
Maintenance Costs per Revenue Car km @ 90's Pnce 

Budget Maintenance Costs 
Act ual Maintenance Costs 

- - - - - - 

NQ of Train Service Delays > 5 min. due to RS's Equipment Failure 
Sum of Initial Delays > 5 min. due to RS's Equipment Failure (min-) 
EMU Performance - Rolling Stock (kkm / incident) 
EMU Availability (%) 
- - - -  -- - 

Response to Failure (%) 
Percentage Coverage of Scheduled PM (%) 
Capital Works Achievement 

Training Hours Ratio 
Internat Promotion & Transfer Rate 

Sa fety Trainit~g Hours Ratio 
Cunwlative Skill Gate I Achievement 
Cztrrtztlative Skill Gate 2 Achievement 
Labour Efficiency 

Note: Items shown in italics are not direct derivatives of performance mesures in OED's 
BaIanced Scorecard. 
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................................... --"---"------------------.------ 
L3: Develop a flexible and T % of cross-trai~~ed c»ip/oyccs 

empowered workforce 

Strategic Objectives 

L 1 : Increase employee 
productivity 

Lead lndicators Lag Indicators 

h r  / stuflhour 

% co~)plefiora of the hi fegra fd 
Documcntatiort System 

----i----i----i-----------------..--m"-"----.------------------------ 

L2: Develop employees' 
compctencies to meet future 
needs 

Strategic Initiatives 

WIT activities 

Introduce station-bucd / systcm- 
wide maintenance organization 

Irnplemcnt the IDS (in tegrated 
Documentation System) 

> Remark: Performance indicators not featurcd in OED's cxisting BSC arc ifalicized in the above table. 
'0 

End Notes 
Re-irivestmenf Ratio = capital work project costs : total deprcciation charge. 

Turnover Rate of Sparcs hvenfory is an appropriate masure when invcntoxy management is under the conîrol of OED. 

Noftrain service delays due to equipment failures. 

Sum of initial deiays - the cnticality of a delay varies with the time of its occurrence. Furthemore, should this measun be 
normalized by kkm or pwenger journeys ? 

Gate & ticket d c  reliabiliîy is measured in number of transactions I failure of dl AFC's machines. 

Strategic obj ectivcs relating to "environmental and safety performance" can be clwi fied under the "intemal Processes" perspcctivc. 

% completion of identfled specialist training - % match of the required skilIsprojle can be equivalcnt to this measun. 

Infernal promotion rate - The rationale of including this indicator in the BSC is to be establishcd. 



Appendix VI1 

Items not included in Section 5 of the 
Questionnaire on OED's Performance Management System 

3.01' OED's strategy is understood by those 
responsible for its implementation 

3.03 OED's scorecard measures are 
identified through a participative 
process 

3 -04 Sectional scorecard measures are 
identified through a participative 
process 

- -- 

3.05 The scorecard measures are linked to 
strategic issues. 

3. IO OED's scorecards are effective tools for 
operational control, 

3.1 1 OED 's scorecards nrotivates staff 
rnem bers fo create future value. 

3.14 The scorecards in use provide useful 
information for carrying out OED's 
straregy. 

Similar items featured in another survey 
conducted &y OED eadier 

Q 1 The feadership, purpose and objectives 
of the department are well understood 
by al1 staff members. 

42 Executive Managers and Section Heads 
have direct involvernent in setting 
direction for achieving the departmental 
objectives, as well as developing and 
implementing management systems to 
manage the department. 

4 3  Departmental performance indicators 
were in place, covering the aspects of 
safety, financial, customer, business 
processes as well as learning & growth, 
to help focus on business results and 
improvernent actions. 

The numbers in column 1 refers to the items in Section 3 of the Questionnaire shown in 
Appendix 1. 

The earlier survey was on I~~iplementation of the Iniegrared Management Systern (Ms) in 
OED. It was conducted only a short while before the Performance Management System 
(PMS) Survey. The 1 . S  Siuwy Questionnaire was sent to 52 management and supervisory 
staff in the Department and 40 of them responded. 




