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Fumagalli5, Christos Emmanouilidis 6 

Abstract The use of mobile devices enables maintenance staff to gain access to 

information and services relevant to the task in hand in near real time and 

wherever some form of network access is provided. Essentially, mobile device 

users become mobile actors who dynamically interact with the physical 

environment, i.e. workplace, and supporting information systems, leading to faster 

response to events and an increased performance. This paper provides insight into 

the acceptance prospects and best practices of the mobile technologies in the area 

of maintenance. Furthermore, the potential financial impact is discussed as a key 

driver for the adoption of mobile technologies in the maintenance practice.  
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1 Introduction  

Mobile technologies usage in maintenance can have many benefits, with increased 

organisational performance being a key expectation. However, mobile devices 

have not been exploited to their full potential in industrial daily practice by main-

tenance departments. It is, therefore, important to be aware of the factors that 

might impede the integration of the mobile technologies into the field. Thus, tech-

nology acceptance theories are becoming important contributing to better under-

standing. Hence, it is, crucial to understand those factors, since mobile technology 

has the potential to help maintenance managers automate data collection and 

analyses, support processes and reduce maintenance costs (Lee et al., 2004; 

Baglee and Knowles, 2013). Reviews in the field highlighted both the significant 

potential and rapid advances in the field of Information and Communication 

Technologies (ICTs) in Condition Monitoring and Maintenance (Campos and 

Prakash, 2006; Campos, 2009). Furthermore, the importance of a cost-

effectiveness analysis is key because it is the way to indicate if any profit or com-

petitive advantage can be achieved by using more automatic maintenance tasks by 

means of ICTs, especially in predictive maintenance (Conde et al., 2009; Alrabghi 

and Tiwari 2013). The current paper goes through the technology acceptance theo-

ries and best practices in section 2. Section 3 deals with the economic benefits of 

using the mobile technologies in maintenance. Further on, in section 4, the main 

statistics and lessons learned from a survey carried out on the use of mobile de-

vices are considered.  In section 5 the discussion and conclusions are presented.  

2 Technology acceptance and best practices 

The acceptance of Information Systems (IS) by users has been researched for sev-

eral years and has involved cross-disciplinary domains with a specific focus on 

explaining the intentional variance of Information and Communication Technolo-

gies (ICTs) acceptance by users and understanding technology acceptance. These 

theoretical developments regarding the possible motives and barriers on the way 

of accepting and adopting the technologies are manifold and have resulted in sev-

eral acceptance models. For instance, the Unified Theory of Acceptance and Use 

of Technology (UTAUT) assume four concepts affecting the behavioural intent 

and usage behaviour of ICTs, namely: the performance expectancy, the effort ex-

pectancy; the social influence and the facilitating conditions. However, the con-

cern about the UTAUT model is that it does not include attitude and self-efficacy 

as direct determinants of behavioural intention in the UTAUT model, which have 

proved to be important factors with the help of the technology acceptance research 

(Venkatesh et al., 2003). ICTs enablers can support enterprises in meeting ex-

pected benefits such as an increased organisational performance and productivity, 

insofar as they are accepted and used by employees in an organization (Venkatesh 
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et al., 2003). Consequently, the IT adoption technologies with their different fac-

tors are important to understand in order to be able to facilitate the acceptance of 

any kind of ICTs as well as the mobile technologies in the maintenance depart-

ment. Apart from studies linked to technology acceptance theories, other efforts 

have focused more on the specific domain of maintenance and asset management. 

In Europe, the European Federation of National Maintenance Societies (EFNMS), 

through its European Asset Management Committee (EAMC) performed a survey 

of EU industry regarding the state of play in Asset Management best practices 

(EFNMS/EAMC, 2012). How organisations manage data related to their assets is 

of particular interest. It is worth noting that although maintenance - related events 

were typically recorded in systems such as Computerised Maintenance Manage-

ment Systems (CMMS), the loop between acquiring information and reaching de-

cisions is not actually closed, leaving much room for improvement regarding the 

usage of ICTs enablers. According to the EFNMS report, part of the problem is 

specifically related to the fact that quality or actionable data may not, in most 

cases, be available at the right time and in the right place and to the persons 

authorised to have access to it. This highlights the need for greater penetration and 

adoption of ICTs, especially mobile ICT solutions. A key area of improvement 

that mobile ICTs can contribute to is enabling true mobile collaboration (Em-

manouilidis et al., 2009). Specifically, removing time and space constraints, mo-

bile maintenance staff can take advantage of portability, accessibility, reachability, 

identification and localisation features when interacting with a maintenance  - ori-

ented information system and relevant physical environment in the workplace. 

Taking into account that among the main factors impeding successful CMMS im-

plementation in industry are selection errors, insufficient commitment, poor train-

ing, limited addressing of key organisational issues, underestimation of difficulties 

and consequent limited allocation of resources and lack of a demonstrable use of 

system output, an expert  opinion study has produced some interesting results re-

garding expectations and adoption prospects for mobile ICTs in maintenance and 

asset management. Upon consulting experts in the field, the study considered 

technological, organisational and human capital issues, relevant to mobile ICTs 

adoption and prospects in this domain (Sayfar and Gao, 2013). Specifically, the 

study suggested that in order to improve the adoption effort, it should be accom-

panied by relevant business process alignment in the three broad organisational 

layers (strategic, tactical and operational) in company´s activities and should pri-

oritise implementation, targeting the most critical processes or assets to demon-

strate impact. Leaving the broader picture to focus on individual projects and spe-

cific implementation and technology adoption aspects, the results may follow not 

only the general pattern but can also provide additional and more focused insight 

that can be obtained regarding specific technological solutions. For example, the 

adoption of e-training solutions in maintenance and asset management depends on 

aspects of introduced technological elements, functional features as well as con-
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tent type and quality (Papathanassiou et al., 2013). Relevant technological innova-

tion brings greater flexibility, efficiency, mobility and ease of use due to specific 

functional design features, i.e. navigation patterns, short path to relevant knowl-

edge, interface design patters, as well as content-related features that facilitate 

adoption by users. Additionally, regarding e-maintenance solutions adoption, one 

should appreciate efforts made in industry to reduce information and services 

fragmentation via appropriate integration mediation mechanisms, which remain 

technically transparent and not-noticeable by users, while, nonetheless, increasing 

the seamless experience of services usage and information delivery to mainte-

nance personnel (Pistofidis et al., 2012).   

3 The economic benefits of using the mobile tech-

nologies in Maintenance  

When addressing mobile technologies for maintenance, both business process 

analysis and the assessment of impacts must be conducted. Financial benefits that 

e-Maintenance technologies can offer must be addressed carefully, relying on the 

principles of the Cost Benefit Analysis (CBA). CBA is a well established method-

ology, see (Prest and Turvey 1965), and it is based on the evaluation of the possi-

ble costs and benefits of a project. Indeed, the CBA has been carried out by paying 

a specific attention to the fact that costs and benefits result from the introduction 

of new technologies. A methodology, previously developed for the assessment of 

new technologies in logistics, is one of the main and possible areas to exploit. Ex-

amples are provided by Miragliotta et al., (2009). The methodology consists of 3 

steps. The first step is the Analysis of the AS-IS process, according to ABC (Ac-

tivity Based Costing) method, in order to identify the cost drivers of each activity. 

The second step is the Development of a technical solution for the process under 

concern. Finally, the Assessment of the impacts of the solution and the evaluation 

of costs and benefits is carried out through a comparison between AS-IS and TO-

BE scenarios. In addition, Gilabert et al., (2015) presented how simulation tools 

can help identify a new predicting maintenance approach by means of ICTs in the 

cost-benefit of the product life cycle or plant productivity. The reliability informa-

tion on which the maintenance strategies simulator relies is the probability density 

distribution of failure for the system or component. Such function determines the 

possibility of a failure occurring at a given time. The Weibull distribution is fre-

quently employed because it is applicable to different phases in the life of a com-

ponent or system. Given this function it is possible to apply the Monte Carlo 

method for performing a random sampling and as a consequence for obtaining 

possible times at which failure occurs. With this methodology it is possible to ob-

tain a time of occurrence of a failure and, therefore, to anticipate the type and 

number of maintenance actions performed following a particular maintenance 

strategy and their result in terms of cost.  
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This process is repeated according to the Monte Carlo method of analysis to offer 

a faithful description, and time and costs are accumulated. The cost per unit time 

is used in order to compare the results obtained with different maintenance strate-

gies. Further on, while making the assessment of impacts, a classification of typi-

cal costs and benefits can be kept in mind. In particular, costs and benefits can be 

divided in Tangible and Intangible benefits (Fumagalli et al., 2010; Jantunen et al., 

2010). A formal and clear understanding of the relation between the activities and 

the mobile technologies is a key aspect to be considered during the assessment. 

Fumagalli et al., (2010) demonstrated, with the help of a case study analysis, that 

significant benefits can be obtained with a small scale investment, whose payback 

time was (in 2010) reasonably well under three years in all the cases.  Interest-

ingly, 2010 can be considered still the time when mobile devices were not so dif-

fused. Just to give an example, Apple iPad was presented in January 2010 and can 

be somehow considered the precursor of the tablets. Moreover, starting from 2010, 

the mass diffusion of this kind of portable devices increased. Of course, this type 

of mobile devices is not comparable with industrial mobile devices, but the diffu-

sion of tablet as mass product has contributed to the cost reduction, allowing one 

to foresee that payback time could be within around only one year and maximum 

two years. Evidently, it depends on the type of company business and the way the 

company is organized. Fumagalli et al., (2010) showed that large companies offer-

ing a wide range of maintenance services to many different types of customers, 

performing their activities in a formal and procedure-driven way, can benefit from 

the newly introduced mobile technologies by gaining process efficiency. On the 

other hand, Original Equipment Manufacturers (OEM) with less developed main-

tenance division can benefit from efficiency, but this hardly compensates the costs 

of the introduction of mobile solution into the field service. To this end, it is al-

ways beneficial to consider developing the proper business model of maintenance 

service first, trying to avoid pushing it in terms of technology advantages.  

4 Industrial use of the mobile technologies  

In order to provide empirical evidence regarding the diffusion of using mobile so-

lutions for maintenance, this section reports the research results obtained by the 

Observatory on Technologies and Services for Maintenance (TESEM, 

http://www.tesem.net/english-site), a permanent unit was created in December 

2010 as part of the Observatories of the School of Management of Politecnico di 

Milano. TeSeM is a collaborative platform where a network of several Italian uni-

versities operates to monitor the state of the art on maintenance choices in the field 

of industrial plants. TeSeM observes small, medium and large companies in Italy. 

Indeed, TeSeM has collected information about the use of Personal Digital Assis-
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tant (PDA) and thus mobile solution for many multi-national European and 

worldwide companies, which are located in Italy. Information comes from 277 

companies interviewed from 2011 to 2015. Statistics show that 10% of the com-

panies adopt such solutions. Moreover, considering the classification of small-

medium enterprises (SMEs) and big enterprises, the following statistics have been 

calculated according to the results of an interview conducted in the aforemen-

tioned companies. Specifically, in SMEs 6% of companies adopt mobile solutions 

and in big enterprises 13% of the companies adopt mobile solutions. In more re-

cent years, i.e. from 2013 to 2015, a more detailed analysis was performed for 

specific sectors. Results analysis reveals, for instance, that in the Food & Bever-

ages sector, 21% of companies adopt mobile solutions and the metalworking sec-

tor 5% of companies adopts mobile solutions. Finally, the end expectations re-

garding the use of mobile devices have been investigated. The results of the 

analysis are based on the number of companies that use mobile solutions, namely 

10% of all the companies and show that in some cases companies use mobile solu-

tions for more than one purpose. For instance, 18% of the companies that adopt 

mobile solutions use them for managing work orders, 2% exploit them for manag-

ing safety procedures of maintenance activities, 20% apply such technologies for 

supporting inspections, 18% for condition monitoring, 29% for supporting spare 

parts warehouse management and 13% to consult technical documents and draw-

ings.  

5 Discussion and Conclusions  

It is important to understand the best practices of Information Systems (IS) adop-

tion as well as their different contributing factors in order to be able to facilitate 

the acceptance of ICTs and in particular mobile technologies in the maintenance 

departments. The importance is highlighted by the fact that e-Maintenance has 

created a radical change in maintenance practices. Consequently, having the cor-

rect information when is needed at hand can provide operational and financial 

benefits to most organisations. The advances in wireless technologies and low cost 

and easy to use mobile devices allow this to become a reality through portable, 

available and affordable systems.  In addition, from an economical point of view, 

ICT-enabled innovation provides enormous opportunities. The most important 

functional benefit is the availability of relevant and reliable information and ser-

vices where needed. On the other hand, efficient maintenance strategies such as 

CBM rely on information since they enable maintenance actions planning based 

on evidence of need and not merely on pre-determine schedules. Moreover, it is 

easy to understand how much support a maintenance engineer needs from an in-

formation system to carry out practical maintenance tasks. In all available eco-

nomic studies the introduction of e-Maintenance has proved to be justified. Natu-
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rally, the more complicated the industrial environment is, the higher the economic 

benefits and the shorter the payback time for investments are expected to be. 
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