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Abstract 
 
The dependability of hospital facilities and equipments is a critical element in the 
performance of health care systems. The availability needs to be near one hundred 
percent, especially equipment related to the emergency department. Faults in equipments 
have to be rectified as fast as possible, i.e. the organizational readiness and the 
maintainability of the equipments need to be excellent. This paper introduces a 
maintenance audit model, based on quantitative and qualitative elements, together with a 
maturity model for facilities and equipments of health care systems. Qualitative and 
quantitative methods are combined in order to complement advantages and disadvantages 
of them both. 
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Introduction 
 
Health systems in OECD countries are under pressure to improve their performance, and at the 
same time, there is a growing interest in benchmarking of that performance, Hurst (2001a). 
The stress arises from; increasing expectations, reluctance to pay more, concerns about 
safety and quality, and concerns about equity, Hurst (2001b). Health informatics is a 
subject of research and a key in the performance monitoring and measurement of health 
systems, Wager (2009), Englebardt (2002), ISO 27700:2008 amongst others. The 
performance measurement of health systems has mainly been focused on the customers 
and less on the facilities and equipments. Nevertheless, the dependability of hospital 
facilities and equipments is a critical element in the safety and performance of health-care 
systems. The availability needs to be near one hundred percent, especially equipment 
related to the emergency department. In present of a fault, it has to be rectified as fast as 
possible, i.e. the organizational readiness (maintenance supportability) and the 
maintainability of the equipments need to be excellent. 

Maintenance performance measurement (MPM) is widely used in the industry, 
particularly in organizations where the safety is the main concern, e.g. aviation and 
nuclear power plant, and where processes are continuous, e.g. paper mills and mining, 
Kumar (2008) and Parida & Kumar (2006). Moreover, increasing competition forces 
measures for increasing the efficiency and effectiveness. The main driving factor for 
maintenance performance measurement of hospital engineering assets is the safety 
concern, along with the need to improve performance and facilitate for benchmarking. 
Rock (2002) underlined the value of performance measurement lies in its ability to 



inform our health policy decision making and to ensure that health systems work to 
citizens’ benefit. 

Berler et al. (2005) proposed a performance measurement system based on a number 
of key performance indicators (KPIs) and the Balanced Scorecard (BSC) created by 
Kaplan & Norton (1996). However, the maintenance of engineering assets was not 
considered. 
This paper introduces a maintenance audit based on quantitative and qualitative elements, 
together with a maturity model for facilities and equipments of health care systems, e.g. 
hospitals. The use of both quantitative and qualitative measures, as well as the maturity 
model is considered to be useful for other functions in health care systems as well. 
 

Iakovidis (1998) discussed six problems and challenges in the implementation of 
electronic health care records: 

 
• Organizational and cultural matters. 
• Storage, maintenance, communication and retrieval of multimedia information in 

different technological platforms and heterogeneous database systems. 
• The legal requirement regarding the confidentiality of personal data. 
• The industrial and market issues that are determined by the demand for (EHR) 

systems and the willingness of the industry to invest in good quality records. 
• The lack of vision, leadership and willingness to re-engineer of the health care 

managers. 
• Issues of acceptability and usability of EHR pertaining to human related factors 

and the issues of education and training. 
 

The first bullet is regarding the skepticism of sharing patient information. Similarly, 
the third bullet is also related to personal data. The personal data is not needed in the 
performance measurement of the maintenance function and therefore these two bullets 
are not a concern. The other issues, nevertheless, has to be considered in the as the 
performance measurement of the other functions of health care systems. EHR systems 
will provide data for quantitative measures; however, similar issues are met for 
qualitative audits in the form of questionnaires. Some of the concerns can be and are 
managed by regulation and standardization. 

The maintenance audit in general is a concept with lack in standardization and 
regulation. There are few standards regarding the assessment of maintenance 
performance. The most classic qualitative one is the COVENIM 2500-93 of Venezuela, 
which considers an evaluation survey format. Recent standards, BS PAS 55:2008  and 
EN 15341:2007, propose Key Performance Indicators or KPIs for maintenance, i.e. 
numerical indicators derived from information systems, as the most appropriate way of 
measuring performance of the maintenance function. Similar to performance 
measurement in production management, e.g. Jovan & Zorzut (2006) 

Qualitative methods, like COVENIM 2500-93, come from surveys and interviews 
carried out, with a strong component of human factor. While those made through 
indicators are considered and called quantitative, since they are influenced only of the 
reliability of the data contained in the computer systems. These typologies present 



characteristic problems and difficulties that arise from the nature of these evaluation 
processes, which are: 

 
• Qualitative: Related to the complexity of evaluating the performance associated 

with work of people. 
• Quantitative aspects: Quality of the records stored in computer systems. 

 
This article proposes a model of combining qualitative and quantitative methods in 

order to complement advantages and disadvantages of the both. The surveys constitute 
the qualitative side, compared to the measurement of a set of indicators that represent the 
quantitative. The indicators revise the possible tendency of too optimistic or pessimistic 
responses of the surveys. Both methods should be used together, since their mixture will 
provide personnel’s’ perception of the reality, with the boundary conditions of the 
numerical indicators. The human factor influences both aspects, but the qualitative one 
reflecting a more loaded measurement on this factor. However, several factors, involving 
people, influences the audit process: 

 
• Positive and negative experiences of previous internal and external audits. 

Obviously the most complex audit is the first one due to the concerns and fears 
that it is believed to cause, and the difficulty of finding certain records necessary 
in the production of indicators. Systematization of the process will be streamlined 
in future audits. The fear of negative results, warranting punitive measures, 
sanctions, cutbacks or restructurings prevails in this first part. Therefore one has 
to be prepared of the weaknesses in favor of the improvements that can be made. 

• Minimum training required for the auditor. Hoberg and Rudnick (1994) propose 
that managers and supervisors appoint the staff who will be involved in the audit 
process. An outside consultant or trainer will be in charge of training on how to 
proceed and achieve objectives, which will have been clarified by management. 
The audit team is the one to begin the process of collecting and analyzing data 
and to conduct the audit, and the facilitator acts as a passive advisor [16]. Many 
authors, like Kaiser (1991), Idhammar (1991) or Tomlingson (1992) match 
Hoberg and Rudnick on the need for specific training before the audit, in order to 
create a multidisciplinary team to meet the audit responsibilities [17-19]. 

• Involvement of subcontractors in the audit process. The audits should involve 
subcontractors, even assuming the complexity of the measurement between 
internal and external service and the suspicions that have traditionally existed in 
relation to each other. The subcontractors are a major factor in this process 
because they are part of the performance of the maintenance function and 
contribute to it. Therefore, the integration of contracts and their efficiency and 
effectiveness deserve special attention, and especially when studying outsourced 
parts where future outsourcing are going to be decided. Again, there will be fear 
in internal staff that the produced data will possibility increase outsourcing of the 
maintenance. On the other hand, the contractors will not welcome the 
performance measurement either. Provided information must be reflected in the 
contractual terms, otherwise it becomes useless. The equipment maintenance is 



mainly outsourced due to the high technology, but the maintenance of facilities 
has the possibility to be in-house, e.g. housekeeping and repair. 

• Involvement in the audit of the safety and the environment. Woodhouse (2004), in 
his definition of asset management, emphasizes that the personnel are exposed to 
risks associated to manipulation of physical assets, hazardous for individuals and 
the environment. Maintenance work is the most exposed activity to accidents for 
staff and to environment. This is due to many factors, like; safety barriers lowered 
leakage of fluids, work at heights, exposure to chemicals, bad ergonomics, etc. 
Apart from the damage the maintenance staff may suffer from, there are a number 
of potential hazards towards personnel, which the maintenance is responsible for. 
As an example, the fact that a mechanical seal of a centrifugal pump cannot leak 
fluid from the pumping, which can cause damage to the operator next to it. These 
two responsibilities make safety and environment key factors in the audit of 
maintenance. 

• All the staff involved in the maintenance function and the personnel using the 
facilities and equipments should participate in the audit process. Personnel from 
other areas, such as, finance and human resources should be part of the working 
group, as the issues arising from these departments have a high impact on 
efficiency and effectiveness. Obviously this type of multilevel and 
interdepartmental working groups requires some degree of corporate maturity and 
an established quality culture. 

 
The Maintenance Audit Model 
 

The audit proposed consists of both qualitative and quantitative aspects. Numerical 
indicators are measured through health information systems, which constitute the 
quantitative part, and the survey batteries, constitute the qualitative one. The indicators 
together with the results of the surveys will be processed as shown in Fig. 1. 

 
Figure 1, Proposed model of audit quality and quantity 



 
Both indicators and surveys will be properly balanced to give more credence to the 

measurements obtained from different dimensions. Once processed, they will be 
compared to references associated with each measure, which will show deviations from 
normality, alarms or the ease of having the situation under control. Some indicators will 
provide measures in conventional monetary units, time units, or number of shares, 
products, etc. Others will be ratios of certain figures representing percentages, such as the 
ones for the different items and types of maintenance, efficiency or inefficiency indexes, 
the desired value of which will be unity or zero. 
 

What is important in the assignment of ratings is to have a baseline, in order to first 
have an idea about the current state of maintenance, and second, to compare under the 
same scale the various aspects involved, rather than the value itself, as an absolute value 
that does not have any interest. 

 
Survey validation through maintenance KPIs 
 
A qualitative method proposed by Tavares (2001) is focused on maintenance radars 
assessed through surveys. The results, averaging the responses of groups, are put into a 
radar chart, or spider diagram, for visualization purpose and facilitate for benchmarking. 
A case study with 15 factors, Fig. 2, identifies both areas that are highly developed and 
areas that have significant gaps. 

It is important to survey both the maintenance personnel and the personnel using the 
facilities and equipments in order to assess both perception and receive a holistic picture 
of the state. 

 

1. Pride ownership 
2. Organization 
3. Training of management 
4. Training of planners 
5. Training of technicians 
6. Motivation 
7. Management control 
8. Work Orders 
9. Rework 
10. Tools 
11. Parts 
12. Preventive maintenance 
13. Maintenance Engineering 
14. Measures of work 
15. Data Processing 

Figure 2, Maintenance Radar by Tavares (2001) 
 
KPIs are associated with the survey responses, showing their positive or negative 

agreement. The resulting model will be the one in Fig. 3: 
 



 
Figure 3, Model validation surveys through equations based on efficiency KPIs. 

 
Each survey factor or question has a Likert scale ranging from 1-5, which is compared 

to the attached KPI, normalized between zero and unity ∙  (1) 

In Fig. 3, it can be observed how the results obtained from surveys are multiplied 
(block π) by the KPIs. More advanced validation models can be set up depending on the 
maturity of the health care maintenance function. 
 
Programming and Planning of the Audit Process  
 
There are hundreds of maintenance indicators that eventually can be used to measure the 
performance. Just EN 15341 has more than seventy maintenance KPIs. Many of the 
essential maintenance KPIs used in organizations outside the health sector are equally 
essential for that sector. Some of the relevant indicators are given in Table 1, including 
some indicators important for monitoring of RAMS (reliability, availability, 
maintainability and safety). 
 

Table 1, Essential KPIs for MPM systems. CM for corrective maintenance and PM for 
preventive maintenance. See e.g. EN 15341 for KPIs and terminology. 

 
Indicator Notes 
No. of Work Orders Both for system and sub-system level 

CM over CM and PM  Can use time or monetary unit in the input 

Maint. Cost - 

Availability - 

Maintenance Supportability Measures the readiness of the maintenance personnel 

Maintainability Measures the ease to restore faults 

Mishaps and Accidents related to Maint. - 

No. of Unprocessed Orders due to 
Equipment or Facilities out of order 

- 

Lack in Spares Measure of the planning 

Work Order Backlog Measure of skill and maintainability 

Absenteeism Measure of morale, satisfaction, work environment, etc. 

Availability of Redundant Equip. Most critical for equipment related to the emergency 
department 



It is also possible to fit in both the surveys and quantitative measures into the BSC 
with the four perspectives; financial, costumer, internal processes, and innovation & 
growth [10]. However, the performance measurement of the maintenance and of other 
functions in health care systems should be linked together in order to exchange 
information and for studying link and effect among them. 

Another important consideration to take into consideration is the maturity of the 
maintenance function in the organization. Wireman (1998) and Campbell (1999) look at 
the evolution of the maturity of the maintenance in an organization on the basis of levels. 
The necessary steps to follow take a pyramid shape, shown in Fig. 4. This maintenance 
evolution pyramid can be used to organize the audit in a chronological way with the 
intention of identifying the level of where the organization is in the pyramid. It can also 
be used to determine if the correct actions have been taken to assure maintenance 
evolution based on solid and well defined steps. 
As the figure shows, the indicators associated with standards as EN 15341, specific 
indicators regarding type of sector or simply self  prepared indicators by end users can be 
transferred to the pyramid, so that a new set of indicators for each level of the pyramid is 
created. 

INDICATORS RELOCATION

 
Figure 4, Relocation of indicators for audit 

 
This methodology creates a structured measurement process that allows partial results 
throughout the audit. The different stages in the evolution of the maintenance are audited, 
leading to useful recommendations. Success or non success in one level will be explained 
by the indicators on lower levels. It is important to emphasize that in case of high levels 
of immaturity, the audit’s value is considerably reduced because the obtained figures are 
not relevant.  
 
Conclusion 
 
The human factor in the maintenance function is an essential factor involved in the 
performance of organizations. Despite technological improvements in the conservation of 
machines, the human element remains essential to the quality of the work performed. 

Elements such as maintainability, the ability to keep machinery in good condition by 
staff, have a direct relationship with the physical and psychological behavior of operators 



that undertake repairs or preventive maintenance tasks, besides the reduced efficiency 
and effectiveness of bad maintainability.  

The maintenance is also influenced by organizational aspects, like by successive 
organizational changes, such as subcontracting or outsourcing of certain aspects which 
were integrated to the business. This practice introduces some negative items to the 
human factors, such as a decline in morale and a strong resistance to change, no positive 
feeling of goodwill towards the company, an a decrease in the pride of belonging and in 
the ownership for the equipment. This is worrying factors in critical facilities, like 
hospitals, where cleanliness, safety and reliability improvement is pursued. 

In any performance measurement process a punitive aspect is perceived. The metrics 
should take into account feelings as moral, envy, jealousy, vertical and horizontal 
polarization, protectionism, team spirit, and as far as the implementation of the 
measurement system is concerned, they should take into account the resistance to change 
in an organization where there is no tradition of measuring. Therefore, the proposed 
model combines the qualitative and quantitative measurements of the quality of the work 
performed.  
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