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Abstract: The present paper aims at comparing the status of maintenance heads and the state of maintenance 
practices in different industrial companies. Three personal features are analyzed relating the status to former 
education, working experience and hierarchical position reached in the organisation; the state of maintenance 
practices is shortly studied providing a focus on the share of corrective maintenance in the maintenance 
hourly plan. The comparison is carried out by using typical key drivers such as industrial sector and company 
size; besides, an insight is provided with respect to effects of plant locations in different regions of Italy, 
thanks to a sample of companies interviewed in the North Western and North Eastern Italy. 
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1. Introduction 

Many authors have provided reasons why maintenance 
management may help in maximising the business profit. 
These reasons are mainly related to the increasing of an 
equipment performance and plant capacity, which finally 
maximize the volume of sales (Murthy et al., 2002). A 
proactive approach in maintenance is a promising set of 
practices to reach this objective. The number of 
companies using a proactive approach has increased 
significantly over the last few years. While in the literature 
the proactive approach is frequently discussed from a 
theoretical and normative perspective (Crespo-Marquez 
and Gupta, 2006), there are few empirical studies focusing 
on management attitudes in real industrial applications. 
Indeed, surveys involving manufacturing plants in USA 
demonstrated that a proactive approach to maintenance 
has a significant positive correlation with improved 
equipment availability, product quality and with lower 
production costs (Swanson, 2001). On the other hand, 
surveys collected in North Eastern England (Mitchell et 
al., 2002) emphasize that, although companies adopting 
best practices do achieve higher performance, 
maintenance is mainly treated in Cinderella fashion: this 
especially applies to SMEs, who make up a large 
proportion of firms classified as “laggers” in that 
benchmarking exercise. This attitude was also discovered 
in Italian SMEs through a recent survey carried out in 
North Eastern Italy by researchers at the University of 

Udine (Chinese and Ghirardo, 2010): too much fire-
fighting, low status of maintenance heads and inadequate 
diffusion and use of planning and control tools such as 
CMMS were the critical issues identified by the research. 
However, that survey was regionally limited and it was not 
known if those standards of maintenance are reflected 
widely in other parts of the country and with different 
company sizes. A wider research encompassing North 
Western and North Eastern manufacturing firms is now 
proposed in order to fulfil the gap.  

The research has been carried out in a cooperation frame 
between Politecnico di Milano, Università degli Studi di 
Udine, Università degli Studi di Bergamo and @megmi, 
the non-profit association of maintenance professionals 
established by the Alumni of meGMI, the Master 
executive in Gestione della Manutenzione Industriale (in 
Industrial Maintenance Management), provided by MIP 
Politecnico di Milano and Università degli Studi di 
Bergamo. The purpose of the present paper is to show 
some results of this joint research. To this regard, it is 
worth observing that the study was conducted before the 
economic crisis (i.e. during 2008). Hence, the results may 
be influenced by this time dimension. Nonetheless, the 
results can be deemed significant for themselves because 
they allow to do a benchmarking exercise on some facts 
of the status of maintenance heads with respect to the 
company and region where they are employees. Similarly, 
an initial comparison is also possible concerning the state 
of maintenance practices operated in a company. Using 
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these two perspectives (i.e., status of maintenance heads 
and state of maintenance practices), the main intention is 
to assess if standards of maintenance management are 
similar or not in different parts of the country and with 
different company sizes. 

The paper is organised to this end. At first the research 
methodology – a survey – is presented (par. 2); hence, the 
statistical data analyses – from the surveyed data – are 
commented having a special focus on regional variations 
(par. 3); some considerations are finally done with regard 
to the future steps of the research (par. 4). 

2. Structure of the survey 
The methodology chosen for this work is the survey. The 
survey is a type of empirical research that often adopts a 
questionnaire and analyzes the collected data by means of 
statistical techniques. 

As a motivation for choosing a survey, instead of other 
methodologies, it can be stated that the purpose of the 
research was particularly fitting, since its requirement was 
to embrace a wide range of different industrial sectors and 
companies of different sizes, so that the sample could be 
considered as properly representative of the population of 
companies in the Northern Italy. Further on, each region 
of the targeted sample (North Western and Eastern Italy) 
should provide a good number of companies answering to 
the questionnaire, in order to be able to compare, with a 
meaningful sample size, companies according to different 
locations of their plants. Also for this reason the survey 
was preferred to other methodologies. 

In particular, the target sample is divided in two parts of 
the country: North Western Italy, mainly coinciding with 
Lombardy, and North Eastern Italy, centred around Friuli 
Venezia Giulia and Eastern Veneto. The North Western 
sample is smaller in size and with some influent factors 
potentially biasing the outcomes, such as the fact that a 
number of the interviews was held to heads associate 
members of @megmi. Presence of these professionals is 
supposed to move at a high level all the status’ features, 
because of their employment in large companies. 

Concerning the general structure of the questionnaire, it is 
worth observing that Politecnico di Milano / Università 
degli Studi di Bergamo and Università degli Studi di Udine 
developed two separated questionnaires for their own 
purposes, more extended with respect to the analysis 
focused in the paper. 

The objectives of the first questionnaire developed at 
Udine were more general, i.e. the group aimed at giving a 
general picture of maintenance management in a given 
area and to highlight relationships between company size 
and maintenance practices (Chinese and Ghirardo, 2010), 
whereas Politecnico di Milano / Università degli Studi di 
Bergamo built upon the first questionnaire which was 
restructured and substantially expanded in order to obtain 
special insight on the management information systems 
and on the technical systems adopted for condition based 
maintenance (Fumagalli and Macchi, 2009), (Fumagalli et 
al.,  2009). 

However, many questions were shared, thanks to the first 
proposal of Udine’s team. The common part, used to feed 
the analysis presented in this paper, is partially based on 
the maintenance strategy framework by Pinjala et al. 
(2006), consisting in four structural – i.e. long-term – and 
six infrastructural – i.e. operational – decision elements. 
The structural decision elements are: maintenance 
capacity, maintenance facilities, maintenance technology 
and vertical integration. The infrastructural decision 
elements include: maintenance organization, policies and 
maintenance concepts, planning and control, human 
resources, maintenance modifications and performance 
measurement and reward.  

More in detail, the questionnaires from Udine and Milano 
/ Bergamo’s team share a relevant number of inquiries 
about: (i) general information on the firms (e.g. industrial 
sector, volume of sales, operations time and number of 
employees, etc.) and information on (ii) the capacity of the 
maintenance department (e.g. maintenance employees, 
spare parts inventory, annual budget), (iii) maintenance 
technologies (presence of a CMMS, presence of condition 
based maintenance, …), (iv) third parties (number of 
external operators, type of contracts, offered services …), 
(v) maintenance organization (organizational level of the 
maintenance function, …), (vi) human resources (level of 
education, working experience, …), (vii) maintenance 
activities (responsibility entrusted to maintenance staff 
such as repairing, condition monitoring, cause and effect 
analysis, preventive maintenance plans, support to 
equipment design and purchase, …), (viii) maintenance 
strategies (share of reactive and preventive maintenance 
on total maintenance workload, existence of TPM, …), 
(ix) planning and control cycle (monthly budgeting, 
maintenance work order management, …) and (x) 
maintenance performance (i.e. the subjective judgment by 
maintenance heads on the maintenance impact on 
availability, costs, product quality and system safety).  

The results commented in the present paper have been 
obtained after identifying the common target set of 
inquiries. Also, pre-processing of the answers was needed 
whenever these were provided by the interviews in 
different scales and, so, needed to be converted in a 
common benchmarking scale. 

3. Results of the survey 

3.1. Sample 
The distribution of industrial sectors under concern in the 
survey is shown in next figure 1: the mechanical sector is 
well represented both in the North Western (NW) and in 
the North Eastern (NE) sample, in the NE it reaches the 
highest percentage (31 % of the NE sample). Important 
sectors in NW are chemical (15%), metallurgy (14%) and 
food and drink (13%); in NE the furniture and wood 
sector is the second in order in percentage share (23%) 
while other sectors reach shares lower than 10%. 



 
Figure 1 Sample composition as to sectors 

 
Figure 2 Sample composition as to firm size 

Figure 2 compares the examined samples as to the firm 
size distribution. It can be observed that the NE sample 
contains more small firms, while in the NW there is a 
larger proportion of big companies, mainly due to the 
effect of the @megmi subset (NW, @megmi). In both 
cases, the composition of the sample does not mirror the 
actual structure of the firm population in Northern Italy. 
By analysing secondary data (ISTAT, 2007) about the 
number of local units (firms) in the manufacturing sector 
with more than 10 employees in North Western and 
North Eastern Italy, we found that regional differences 
are minimal and in both areas, as in the whole country, 
there is an overwhelming majority of small firms (84,5% 
in the NW and 85,5% in the NE). However, the aim of 
both research teams was to have a reasonable proportion 
of small, medium and large firms in order to infer 
relationships and compare strategic behaviours at different 
company sizes, so samples were derived and stratified 
accordingly. 

3.2. State of maintenance practices 
The initial objective of the benchmarking exercise was to 
analyse the state of practices in maintenance management. 
To this end, literature has defined many leading indicators 
(Muchiri et al., 2010). The main concern of this paper is to 
measure the level of corrective maintenance in a firm: the 
share of corrective maintenance (with respect to the whole 
set of maintenance policies) has been fixed as a leading 
indicator to this end. 

As a result of the analysis, a high presence of corrective 
maintenance is still observed in the firms. Next figure 3 
shows the number of firms declaring more than 50 % of 
corrective maintenance in their maintenance hourly plan: 
considering the entire sample, a relative majority (56,2 %) 
of firms declare the prevalence of corrective maintenance 
in their policies; chemical, furniture and wood sectors 

achieve the poorest results, with many companies working 
with more corrective than preventive maintenance. 

 
Figure 3 Corrective maintenance as to sectors  

It seems that there is a relationship between the presence 
of corrective maintenance and firm size (figure 4). Indeed, 
it could be expected that corrective maintenance is the 
most frequent policy in small and medium firms. On the 
other hand, it is quite surprising that also in the sample of 
big firms there is a big share working more with corrective 
maintenance. 

 
Figure 4 Corrective maintenance as to firm size 

Looking at regional variations, the distribution of the firm 
size (bigger in the NW, figure 2) affect the distribution of 
corrective maintenance (figure 5): the NE shows a poor 
situation, with firms dominated by corrective maintenance 
policy.  

 
Figure 5 Corrective maintenance as to regions 

Considering secondary data of ISTAT (2007), it is not far 
from reality to affirm that the average share of corrective 
maintenance in manufacturing firms of the population of 
concern is even higher because of the higher share of 



small and medium sized companies in the territory than in 
the samples. 

3.3. Status of maintenance heads 
A substantial section of both questionnaires was centred 
on human resources. It was thus possible to capture and 
compare personal features of maintenance heads such as 
working experience, education and organizational policies 
of firms as to maintenance heads, i.e. the hierarchical 
level.  

As to the experience, we asked how long the maintenance 
head had been in charge and how many years he/she had 
been working with the company. There are slight 
variations depending on sectors: as shown in figure 6, 
which contrasts both experience related variables, 
maintenance heads are relatively “younger” in the 
metallurgy and mechanical as well as in the textile sectors, 
while the head with the longest experience can be mainly 
found in the chemical and food sectors. Generally, the 
working experience in the company is longer than that as 
maintenance heads, which is compatible with internal 
career paths. 

Figure 6 Maintenance head experience as to sectors 

This especially applies to large companies: figure 7 shows 
that, while experience in the position seems not related to 
size, a longer experience with the company is reasonably 
required to become maintenance head in large firms. 
Regional variations are minimal, but the distribution of 
experience parameters among subgroups is noteworthy. 
Figure 8 highlights that the @megmi group is particular, 
being mainly formed by young professionals who have 
been less than five years in the position and less than ten 
years with the company. This profile is consistent with the 
hypothesis that meGMI, as many Master programs, works 
as a career booster leading people to positions and 
hierarchical levels which generally require a much longer 
experience. In this case, the target levels belong to middle 
management, as for the majority of the @megmi group 
(Figure 9). The situation changes substantially in different 
regions and subgroups. In the NE group, in particular, 
most maintenance heads are skilled workers holding a 
high school diploma. The main difference with other 
subgroups is the high share (22.5%) of workers with a 

lower educational qualification and the minimum 
proportion (5%) of maintenance heads with a degree. The 
@megmi group shows, even to this respect, a particular 
composition, with a dominance of maintenance heads 
with a degree. 
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Figure 7 Maintenance head experience as to firm size 
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Figure 8 Maintenance head experience as to subsets 
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Figure 9 Education and hierarchical level of maintenance 

heads as to subsets 

On the other hand, while the experience parameters 
(Figure 8) are quite similar in the NE and the NW-others 
samples, education and hierarchical level are considerably 
lower in the NE than in the NW-others sample. The size 
distribution of companies can make a difference, as 
shown in Figure 10: the status of maintenance heads is 



higher in larger firms both as to hierarchical level and 
educational qualification. 

 
Figure 10 Education and hierarchical level of maintenance 

heads as to firm size 

Sector also plays a role: Figure 11 shows that the most 
qualified workers are employed in the metallurgy, food 
and textile sectors. The status is the lowest in the wood 
and furniture sector: more than 60% of maintenance 
heads are skilled workers and 30% hold a junior high 
school diploma. This is noteworthy, given that the 
furniture and wood sector also displays high corrective 
maintenance shares (this however applies also to the 
chemical sector, notwithstanding its higher status of 
maintenance heads) and given that the furniture and wood 
sector is only examined in the NE sample. 
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Figure 11 Education and hierarchical level of maintenance 
heads as to sector 

3.4 Tests on possible relationships between variables 

The possible relationships between variables observed in 
the sample descriptive statistics have been tested to infer 
general results concerning the reference populations. The 
χ2 test is used to this end; its underlying assumptions hold, 
unless otherwise specified1

                                                           
1 The χ2 test statistic can be used to test the independence 
between variables of categorical type, given that in the 
contingency tables the expected frequency is larger than 1 
in all cells and larger than 5 in at least 20% of the cells. 

. Table 1 summarizes the 
results for the examined set of variables. It is remarkable, 
but consistent with previous findings on the NE sample 
alone (Chinese and Ghirardo, 2010), that the statistical 
significance of the decrease of corrective maintenance 

with size could not be proved, while regional (NE-NW), 
subset and sector variations are significant. 

In particular, looking at subsets and their odds ratios we 
calculated that the likelihood of having more than 50% 
corrective maintenance in the NE sample is about 4,6 
times the likelihood in the @megmi subset and about 1,8 
times the likelihood in the other NW subset.  Education 
and hierarchical level of maintenance heads are not 
independent of size. Looking at subset differences, they 
are statistically significant not only because the @megmi 
group confirms its particularity, but also because of 
differences between the NW-others and the NE group: 
for instance, finding a maintenance head with a degree is 
about 5 times more likely in the NW-others than in the 
NE group and a hierarchical level of skilled worker is 
almost 8 times more likely in the NE than in the NW-
others group. 

Χ2 Test for independence rejected at p 
level<0.05? Size Sector Region Sub-

set 

Firms with >50% corrective 
maintenance No Yes Yes Yes 

Experience in the position No No No Yes 
Experience in the company Yes No No No 
Educational level Yes No Yes Yes 
Hierarchical level Yes No Yes Yes 
Table 1 Results of tests for independence on the sample 

(no = evidence of “no relationship”) 

Given that educational and hierarchical level increase with 
size, we could hypothesize that the regional difference is a 
consequence of different size distributions in samples or, 
at least, that it is biased by the peculiar distribution of the 
@megmi group. Furthermore, given that corrective 
maintenance shares are sector dependent and especially 
high in the furniture and wood sector, we could doubt 
that excluding it from the analyses may lead to different 
results. Yet, this does not seem to be the case. Indeed, in 
table 2 a direct comparison of the NE-NW-others subsets 
is presented.  

Χ2 Test for independence 
rejected at p level<0.05? 

NE-
NW 
others, no 
furniture 

NE-NW others 
Small Medium Large 

Firms with more than 
50% corrective 
maintenance 

Yes No No No 

Experience in the 
position No No No No 

Experience in the 
company No No No No 

Educational level Yes Yes No No 
Hierarchical level Yes No Yes No 

Table 2 Results of test for independence on NE-NW 
others groups alone, controlling for sector and size 

Given the sample size, it is not feasible to control for 
sector and firm size at the same time: thus, the first 
column contains the total results for the two subsets 



excluding furniture and wood in the NE, while following 
columns present the results divided by size class, however 
with the caveat that when controlling for size underlying 
assumptions sometimes do not hold, so especially “no 
relationship”, obtained from testing, should not be easily 
generalized. 
Even under this limitation, two remarks can be derived. 

- Differences in corrective maintenance shares could 
not be proved size dependent and this fact persists 
also when eliminating sector singularities (i.e. 
furniture and wood) and best-in-class firms (@megmi 
group), Hence, we can suppose that the differences in 
shares between the NE-NW, others subgroups are 
motivated by a true external basis for regional 
differences (either enterprise or engineering culture). 

- Differences in hierarchical and educational levels are 
size dependent, but statistically significant regional 
differences persist to some extent even when 
controlling for size and eliminating singularities. 
Therefore, also in this case, a different approach to the 
maintenance organization and human resource 
management seems to emerge in the two regions. 

Observing secondary data (Istituto Tagliacarne, 2011) we 
noticed that the share of workforce with a degree is 
slightly higher in Lombardia (7.8%) than in Friuli (7%) or 
Veneto (6.7%), while the share of workforce with a junior 
high school diploma is similar, or even slightly lower in 
the North East. However, the unemployment rate for 
people with a junior high school diploma is about 6% in 
the NW, about 4% in the NE; conversely, unemployment 
rates for people with a degree or with higher qualifications 
are about 2,6% in the NW and 2,9% in the NE. These 
observations can support the impression,  derived from 
our findings, that firms in the NW invest more in human 
capital and that many factors, including enterprise culture, 
may cause the highlighted regional differences in 
maintenance. 

4. Concluding remarks 
This research has proved the existence of differences in 
corrective maintenance shares and in hierarchical and 
educational levels of maintenance heads in firms located 
in different parts of the country. In the North East, the 
prevalence of corrective maintenance shares is a symptom 
of a low level of maintenance practices. Also education 
and hierarchical level achieved by maintenance heads is 
aligned with low investment in maintenance management. 

Investing in human capital for the maintenance function is 
however a relevant means in order to improve 
maintenance management. But regional variations herein 
shown seem to envision different behaviours of industrial 
companies; in particular, it can be deduced that the 
requirements of an organization for the competences of a 
maintenance head, as well as the mechanisms to motivate 
the heads in their position, can be different. Future 
research works should better investigate these topics. An 
interesting enlargement of the analysis for the educational 
part is the verification of alignment of the emerging 
industrial requirements with the guidelines issued by CEN 

(CEN TR 15628) and works at national committees (i.e. 
UNI) on the qualification of maintenance personnel. 

Another follow up of this work is to continue the joint 
analysis of state of maintenance practices and status of 
maintenance heads, herein briefly discussed. Indeed, it is 
interesting to look at the relationships between different 
decisions to develop proactive maintenance strategies; to 
this end, the evolution towards proactive strategies can be 
studied to verify common patterns of development for the 
investment on human resources (maintenance heads and 
engineers and technical personnel) and technical resources 
(CMMS, technical systems for CBM,...) and, moreover, to 
test if these patterns are subject to regional variations. 
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