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Abstract

Purpose – The intended function of performance measurement is to support the effective management
of an organisation and the improvement of organisational performance. However, how performance
measurement should be used operationally to support the achievement of improved performance is not
self-evident. The purpose of this paper is to examine the operational use of performance measurement in
practice and to describe how different use practices contribute to improved performance.
Design/methodology/approach – The authors conducted an exploratory single case study in a
maintenance process. Data were collected using a mixed methods approach that encompassed
qualitative meetings and interviews (identification of usage practices) followed by a quantitative
survey (elaboration of usage practices and their performance effects).
Findings – Three usage practices are relevant: Inspect and Improve, Motivate, and Decision Making.
Improved performance is best achieved through motivational and supportive improvement use.
Furthermore, performance measurement systems must be designed properly to establish their use.
Research limitations/implications – Being based on a single-case study, the identified usage
practices may be limited to field service organisations or other organisations with similar
organisational structures. The findings suggest opportunities for further research linking operational
performance measurement system use and the body of knowledge on the design and purpose of
performance measurement in maintenance processes.
Practical implications – A performance measurement system can be used as a motivational
improvement tool in operational level leadership. Upper level management must support its use by
designing an understandable and applicable system.
Originality/value – This paper identifies specific usage practices that contribute to improved
performance, thereby providing a more detailed view than the usage categories found in the extant
literature. The focus is on operational, rather than strategic, level management.

Keywords Performance measurement, Operational performance, Maintenance management,
Exploratory case study, Leadership style, Field service

Paper type Case study

1. Introduction
There is more to the successful use of performance measurement systems in maintenance
processes than the act of measurement. To be sure, designing an appropriate set of
measures and applying them correctly are key to avoiding many known pitfalls (Neely
et al., 1997, 2005). However, in the case of misuse or non-use, the intended positive
influences of performance measurement on the organisation’s performance are lost
( Johnston and Clark, 2008; Neely and Bourne, 2000). It is of high practical interest
to determine how performance measurement systems should be used operationally to
achieve performance effects and what the antecedents of such use are.

The use of performance measurement systems has traditionally been understood as
the managerial processes involved in strategic alignment ( Johnston and Clark, 2008;
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Kaplan and Norton, 1996). More recent research has produced categorisations of day-to-
day usage practices (Simons, 2000) and an understanding of the different situations in
which performance measurement systems are used (Bourne et al., 2000; Ukko et al.,
2007). However, research has not yet identified which usage practices are the most
beneficial for performance. The identification of specific practices and their contributions
to improved performance would provide a complementary, operational-level view of
performance measurement compared to the strategic, higher-level management aspect
dominant in the current literature on performance management in maintenance (Parida
and Kumar, 2006; Gaiardelli et al., 2007; Muchiri et al., 2011).

The aim of this paper is to explore different practices of performance measurement
usage and how they affect performance. Our exploratory case study was guided by the
two-part research question:

RQ1. What are the usage practices in field service operations and how are they
associated with the performance of the field service unit?

We conducted the case study in the maintenance service unit of a mechanical
engineering company. Our mixed methods analysis and data collection began with a
qualitative phase to identify the ways in which the supervisors use the performance
measurement system. We then expanded and refined the preliminary understanding
through an analysis of survey data collected from 149 supervisors working in the case
organisation. Based on the analysis we then identify a number of usage practices that
generates behavioural effects leading to improved performance of personnel.
Furthermore, we found that the design of the performance measurement system, not
just how it is used by supervisors, affects behaviours associated with improved
performance. Our main contributions are the identification of performance measurement
usage practices and the elaboration of the performance effects of the use practices.

2. Literature review
To begin with definitions, we view performance measurement as the quantification
of an organisation’s goals in terms of efficiency and effectiveness. In simple
terms, performance measurement is about quantifying performance ( Johnston and
Clark, 2008). Following Neely et al. (1995) we see performance as having two
aspects: efficiency and effectiveness. Efficiency measures how economically the
organisation uses its resources and effectiveness captures the extent to which customer
requirements are met.

A performance measurement system is a set of measures that are used to measure
performance (Neely et al., 1995). A more comprehensive definition includes the
processes and procedures that are required to use the system (Franco-Santos
et al., 2007; Simons, 2000). Performance measurement system processes consist of
activities related to the selection and design of measures, data collection and
manipulation, information management, performance evaluation and rewards, and
system review (Franco-Santos et al., 2007). However, as Franco-Santos et al. (2007)
note, the more processes are included in the performance measurement system
definition, the more it begins to overlap with other management processes, especially
performance management. In this study, we follow Bititci et al. (1997) and view
the performance measurement system as “the information system which enables
the performance management process to function effectively and efficiently” (Bititci
et al., 1997, p. 524).
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2.1 Constitution of the performance effect of performance measurement systems
Our review of the literature on the topics of performance measurement system use and
implementation resulted in a path model of the constitution of their performance
effects. Figure 1 illustrates this conceptual model that is based, in particular, on the
studies of de Waal (2003), Franco and Bourne (2003), de Leeuw and van den Berg
(2011), and Bourne et al. (2005). The conceptual model’s three propositions link the
deployment of a performance measurement system and its operational use with
behaviour and performance. The purpose of the conceptual model is to serve as a
theoretical foundation for the empirical part of this paper.

The first proposition links the deployment and the operational use of a performance
measurement system. The study of de Waal (2003) suggests that critical areas of
attention in achieving the use of a performance measurement system include the users’
understanding of, attitude towards and responsibility match with a performance
measurement system, as well as an organisation’s measurement-focused culture, with
an emphasis on internal issues. Similarly, Franco and Bourne (2003) identified culture,
management leadership, compensation, education and understanding, communication
and reporting, reviewing and updating data processes and information technology,
measurement framework, environment, and characteristics of measures as the most
important factors related to use. Thus, we can focus on the most relevant topics and
issues when deploying a performance measurement system, and summarise literature
as our first proposition:

P1. The deployment of a performance measurement system has a positive effect on
its use.

P2 and P3 link the use of a performance measurement system with organisational
performance. In their study, Bourne et al. (2005) found that the interactive use of
a performance measurement system was a differentiator between high and
average performance. High-performing business units used performance
measurement more interactively compared to the simple control approach taken by
average-performing business units (Bourne et al., 2005). Interactive use consists of own
data collection and analysis, using multiple sources of data, intensive communication,
and actions on a wide range of issues (Bourne et al., 2005). Studying a factory floor
setting, de Leeuw and van den Berg (2011) show that behavioural effects mediate
the positive relationship between performance management practices and performance
improvement. Moreover, they argue that the more intensively performance management
practices are applied, the greater the performance improvement. Drawing primarily
on the study of de Leeuw and van den Berg (2011), we conceptualise a similar mediation
relationship in P2 and P3 :

P2. The use of a performance measurement system has a positive effect on beneficial
behaviours.

P3. Beneficial behaviours have a positive effect on performance.

Deployment of Performance
Measurement System

Use of Performance
Measurement System

Behaviour Performance

P1 P2 P3
Figure 1.

The conceptual model
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2.2 Literature on the use of performance measurement systems
Relative to performance measurement system design, the use of performance
measurement systems is a much more recent research interest (Franco and Bourne,
2003; Pavlov and Bourne, 2011; de Waal, 2003). In existing research, usage has
typically been conceptualised in terms of strategy alignment ( Johnston and Clark,
2008; Kaplan and Norton, 1996). Kaplan and Norton (1996) argue that balanced
performance measurement helps managers to translate an organisation’s often lofty
vision and strategy statements into concrete terms; communicate organisational
strategy and goals to employees; align employee actions by setting goals and linking
them to performance targets; integrate strategic planning and budgeting, which
usually occur independently and in parallel; and validate and adjust the chosen
strategy. All this should be accomplished by applying – designing, communicating,
reviewing, and acting on – a balanced set of measures that quantify organisational
goals and strategy. However, this strategy-based view reveals very little about how
managers actually use measures in day-to-day situations. The focus in literature
is a top-management perspective on management processes and how performance
management systems help to implement long-term strategy.

For a more detailed and day-to-day view of performance measurement system
use Simons (2000) suggests that there are five broad uses for the information of a
performance measurement system: decision making, control, signalling, education and
learning, and external communication. In the category of decision making, managers
acquire data to understand a decision’s likely effects and evaluate its possible outcomes
prior to making the decision, which may involve planning or coordination. Control use
means that performance measurement information is used in a feedback loop in which
performance data are fed back and compared with targets to see if they are being met;
if necessary, corrective actions are taken to place the controlled object back under
control. The aim of signalling use is to notify employees about what is important:
by focusing on certain information, managers can signal priorities and goals to
employees. With education and learning use, performance information can be used by
the organisation to learn about the drivers and dynamics of the business, as well
as about changes in the internal and external environments that might affect the
organisation. The last use category, external communication, focuses on
communicating the company’s performance to its external stakeholders, such as
investors, suppliers, and customers.

Simons’ (2000) classification describes generic ways to use a performance
measurement system, but it does not specify the situations in which managers use the
measures. Focusing on the usage situations, Bourne et al. (2000) argue that regular
meetings by managers to review the measures they are responsible for are needed.
In their case study, all three case companies held monthly meetings that dealt with
reviewing measures, discussing progress, and agreeing on necessary actions. In
another case study, Bourne et al. (2005) report that the highest-performing business
units of the case company held regular team meetings in which performance reports
were reviewed, and performance was also discussed “at every opportunity”, such as
in one-to-one situations. Ukko et al. (2007) compared communication channels for
performance measurement data in small- and medium-sized manufacturing companies
and found that face-to-face communication, such as team or company meetings
or discussions with foremen, contributes to the successful communication of
measurement information relative to system-based communication, such as hand-outs,
e-mail or intranet.
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2.3 Use of performance measurement system in maintenance process
The dominant view in the literature on performance management in maintenance is
strategic, taking a higher-level management perspective, where the assumed use of
performance measurement is to pinpoint inefficiencies that line-managers can be held
responsible for (Fitzgerald, 2007). Coetzee (1999) suggest this can be achieved in a holistic
way by essentially focusing on four issues: downtime, number of tasks completed,
proportion of time spent on scheduled tasks, and total maintenance cost. The argument
is that such a set of performance measures provides higher-level management with the
basis for decision making that takes the overall goals of the maintenance process in
account, as well as affecting behaviour of the organisation in the field.

The proposal by Coetzee has been criticised as too simplistic by Kutucuoglu et al.
(2001), who argued for the addition of customer perspective by including measures
reflecting the impact of maintenance on the customer operations, such as number of
late deliveries due to unscheduled downtime. Parida and Kumar (2006) emphasise that
higher-level management are best served by maintenance performance measurement
that balance external customer perspectives and internal efficiency measures Parida
and Chattopadhyay (2007) argue for maintenance performance measurement
with clearly articulated linkages between the measures in use and corporate
strategy. Furthermore, in a maintenance process incorporating a number of different
organisations the performance measurement systems of different organisations need to
be aligned. In particular alignment is critical for a strategic view of the overall
performance of maintenance process towards the final customer (Gaiardelli et al., 2007).

Recently Muchiri et al. (2011) investigated the issue of leading and lagging measures in
maintenance performance measurement. Their basic classification distinguishes between
process and results, where maintenance process measures are leading indicators while
measures of maintenance results are lagging indicators. Leading indicators are needed to
determine the health of an asset and to monitor the effectiveness of maintenance process in
real-time (Parida and Chattopadhyay, 2007). Lagging indicators are the basis for describing
over-all performance and for deciding between maintenance, overhaul, or replacement.
According to Muchiri et al. (2011) management needs to use a combination of leading and
lagging indicators for assuring the sustained performance of a maintenance process.

2.4 Summary of literature review
In summary, existing general management literature contains some ideas about how
performance measurements are actually used. The work of Simons (2000) highlights that
there are different types of usage practices. Furthermore, the studies of Ukko et al. (2007)
and Bourne et al. (2000) indicate that usage situations need to be taken into account when
evaluating the effectiveness of performance measurement system use. However, this
discussion on operational use is largely absent from maintenance management literature.
The emerging, more operational level discussion focuses on the role of leading and
lagging indicators in the design of the system. The literature does not yet elaborate
the operational usage situations of performance measurement systems in use in the
maintenance process. Thus, there is need for empirical research investigating the
operational use of performance management systems in the maintenance process.

3. Methods
3.1 Research design
In order to discover and elaborate on actual practices of performance measurement
system usage and their relationship with performance, we selected the inductive case
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study methodology for this research. Our literature review suggested that there are
broad categories and guidelines on how performance measurement systems could be
used but little information about specific usage practices and their relationships to
performance. In this study, we employed the case study methodology to primarily
understand the use of performance measurement systems as it emerges from the data.
We take a theory building approach in which key variables and their linkages are
identified (Voss et al., 2002). The propositions of the conceptual model provided the
theoretical foundation that guided our data collection on aspects of performance
measurement systems other than their use.

The case organisation is the maintenance service unit of a global mechanical
equipment company. The company manufactures, installs, and maintains large
machines on every continent, with more than a thousand offices worldwide.
The company’s maintenance service unit offers field services for the equipment that the
company and its primary competitors manufacture and install. Field service entails
maintenance or repair services that are performed at the equipment’s installation site
by technicians who are sent from their home base to perform each maintenance or
repair task. The case organisation has recently started to globally harmonise its field
service operations processes. Part of the harmonisation involves the deployment of a
performance measurement system for use by its country organisations and their field
service units. The system has been deployed top-down by the global development
organisation to local country organisations. Field service units include operational
maintenance units that are geographically distributed and responsible for servicing the
installed base of equipment in their geographical area. Each field service unit consists
of a supervisor and the technicians under his or her management.

The system produces the same set of performance measures for four organisational
levels: single field service technician, field service unit, service region, and country. The
performance measurement system has thirteen measures on an electronic spreadsheet.
Each measure is presented in a bar chart with monthly values and an optional trend line
for the values. Measures are maintenance and service related operational measures such as
times, numbers of instances, or percentage values or performance indices derived from
them. There is only one measure with financial, monetary values. The measures are
conventional in the context of maintenance process. The measures were selected by the
organisation’s global maintenance team. The objective of the designers was to form an
overall picture of a technician’s tasks and daily work routines. The implemented measures
are backward looking by nature and based on historical data, whereas an expressed
requirement from the organisation would have been for more forward looking measures to
determine what should be done in order to achieve future goals.

The chosen case design is a single-case embedded design (Yin, 2003) in which the
maintenance process of the company is the main unit of analysis and the field service
units are the embedded units of analysis. We answer the study’s research question
primarily from the perspective of a field service unit because the bulk of activity in the
use of the performance measurement system in this case takes place at the field unit
level. However, we will also present findings on the global field service organisation
level to summarise how the results apply to the tasks of the organisation’s upper level
management. Instead of a multiple case design, we chose the single-case embedded
design because it helps to control for company-level and environmental influences on
the constructs in the conceptual model. It is therefore easier to identify the effects of
different usage practices on performance. The single-case focus also allowed us to
study usage practices in operational detail.
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3.2 Data collection approach: mixed methods
We collected the data using a mixed methods approach. The literature suggests that
the use of both qualitative and quantitative data in case studies generates synergies by
corroborating findings (Eisenhardt, 1989) and that the use of multiple sources of
evidence triangulates data such that the construct validity of the study increases (Yin,
2003). We used three data collection methods:

(1) meetings with the case organisation’s managers;

(2) interviews of case organisation employees; and

(3) a survey in the case organisation.

Our approach is a sequential exploratory approach in which qualitative data (from
meetings and interviews) are collected and analysed first, followed by the collection
and analysis of quantitative (survey) data. Finally these two types of data are
synthesised (Creswell, 2009). Figure 2 illustrates the phases of the data collection and
analysis processes.

3.3 Qualitative data: meetings and interviews
The meetings provided us with an understanding of the case organisation and helped with
planning the interviews and the survey. The participants were a senior development
manager and two other managers who were involved in the deployment of the
performance measurement system. Each of the seven meetings lasted one to two hours.
We took written notes on the discussed topics for subsequent analysis and for guidance in
the research process. In addition, we held four follow-up meetings during or after the
survey data collection and analysis to interpret, discuss, and validate the survey findings.

The purpose of the semi-structured interviews was to identify usage practices,
usage situations, and purposes for performance measurement system use. The first
author interviewed five field unit supervisors, who were the primary users of the
performance measurement system. Each interview lasted approximately one hour. The
interview themes were the operational context of the field service unit, general
improvement and management methods, performance measurement system use, and
the associated benefits and challenges perceived by the supervisors. Interviews were
audio recorded and transcribed for analysis.

We analysed the qualitative data from the meetings and interviews through three
concurrent activities:

(1) data reduction to separate the important pieces of data;

(2) data display to highlight and present reduced data in a cognitively easy form; and

(3) conclusion drawing and verification to explain what the data mean (Miles and
Huberman, 1994).

7 Meetings and 5 Interviews
(qualitative)

Exploration of use of performance measurement in
the case organisation

SURVEY (quantitative)
Specifying and establishing a more detailed,

generalisable view of performance measurement
use in the case organisation

Data Collection Data Analysis Data Collection Data Analysis Interpretation of
Entire Analysis-  Notes -  Variable-oriented

-  Identification of typical
     themes, issues and patterns

-  Audio recording
-  Internet-administrated
-  Instrument with 58
    Likert items

-  Principal
    component analysis
-  Regression analysis

Source: Framework by Creswell (2009)

Figure 2.
Sequential exploratory

design of the study
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The analysis was variable-oriented (Miles and Huberman, 1994) because the aim was
to look for typical themes, issues, and patterns in the case organisation. As a result
of the qualitative analysis, we identified the case organisation’s performance
measurement system usage practices. Drawing on the resulting understanding, we
then selected and generated scales and single items for the survey instrument to be
deployed on a large scale to determine performance relationships.

3.4 Quantitative data: survey to determine performance relationships
The role of the quantitative survey was to broaden our understanding of how
supervisors in the case organisation use the performance measurement system. With
the survey data from 149 supervisors, we expanded our study of the performance
measurement system use practices that were identified through the qualitative
analysis. As a new element, the survey data enabled the identification of performance
relationships. Although a survey is usually considered to represent a research
approach of its own rather than being a data collection method, it can be a viable part
of data collection within a case study (Yin, 2003). One of the main benefits and reasons
for choosing a survey as a data collection method is its efficiency: representative
inferences can be made regarding a target population by surveying only a small
fraction of the entire population (Dillman et al., 2009). In this study, the survey
data enabled us to evaluate the generalisability of the interview findings within the
population of the entire case organisation.

The target population of the survey was composed of the case organisation’s field
service unit supervisors from the countries in which the performance measurement
system was used. We drew a sample from these countries with the help of the case
company managers. The sample included supervisors from the countries in which
first, the performance measurement system was used on a field service unit level,
second, the system had been deployed at least one year ago, and third, the information
system implementation used for performance data collection were comparable. These
sampling criteria ensured that the respondents were sufficiently knowledgeable about
the surveyed topics and made the data from different countries comparable. The final
sample comprised 236 supervisors from seven countries (nine to 69 per country). In
total, 149 responses were received (seven to 39 per country), resulting in a response rate
of 63 per cent (43-73 per cent per country). The responses were collected with an
internet-administered survey instrument. Supervisors were sent an e-mail invitation
asking them to take part in the survey and received a follow-up e-mail one week later
from their country managers. We tested for non-response bias by comparing early and
later respondents, as suggested by Armstrong and Overton (1977). The responses to
the main empirical variables did not differ statistically significantly between the
respondents who answered after the first invitation and those that responded after
the follow-up ( po0.05 with independent samples t-tests).

We developed the survey instrument with the help of the extant literature, advice
from experts (meetings with the case organisation managers), and interviews with
representatives from the survey population (supervisors). This approach is
recommended (Rossi et al., 1983) and typical in operations management (Hensley,
1999). The constructs in the conceptual model guided the development of the survey
instrument. We operationalised each construct with multiple items and developed the
items for the Deployment of the Performance Measurement System, Behaviour, and
Performance constructs using the literature and existing scales when possible. The
items for performance measurement system use are based on the usage practices
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identified in the qualitative analysis. We categorised the items within each construct
according different topics to obtain guidance for further analysis. Topics for the
Deployment of the Performance Measurement System construct were chosen from
the categorisation of Johnston and Clark (2008, p. 358). For the Use of the Performance
Measurement System construct, we employ the performance measurement system use
categorisation of Simons (2000, p. 67) and for the Behaviour construct, we use the
performance measurement purpose categorisation of Johnston and Clark (2008, p. 359).
In order to ensure that the supervisors understood the questions, we and the
case organisation managers adapted the content and wording of each item to the case
organisation. We conducted two face-to-face pre-tests with supervisors to ensure the
unambiguity and understandability of the instrument. Furthermore, each survey was
translated into the supervisors’ native languages by the authors, the case company
managers, and our researcher colleagues. All the survey items, initial topics, and
citations, where appropriate, are listed in the Appendix.

The analysis of the survey data progressed in two consecutive steps. First, we
sought to elaborate on the conceptual model by identifying the dimensions of the broad
constructs in the conceptual model. We used principal component analysis, with
procedures suggested by Hair et al. (2010), for this purpose. We could use 119-139
responses out of 149 in the analyses. We used the pairwise method for treating missing
data to maximise the use of valid data because Little’s MCAR tests resulted in
insignificant p-values (40.05). We ran a principal component analysis for each of the
four constructs in the conceptual model. We determined the number of components
using a combination of latent root criterion 1, scree test criterion, comparison with the a
priori categorisation (see the Appendix), the percentages of variance extracted and
commonalities. We excluded items with high cross-loadings (multiple loadings over
0.50) when the ideas of the items to be excluded were sufficiently accounted for by
other items. We also checked that the remaining items in each factor still formed a
coherent whole and reran the principal component analysis. Finally, we calculated
summated scales from the solutions based on loadings higher than 0.50. Hair et al.
(2010) suggest that with a sample size of 120, a significance level of 0.05 and a power
level of 80 per cent, loadings over 0.50 are statistically significant and that loadings
with absolute values of 0.50 or greater can be considered practically significant.

In the second analysis step, we examined the propositions of the conceptual model by
using the summated scales from the first step. We employed a stepwise multiple regression
procedure (Hair et al., 2010). The purpose of the regression analysis was twofold:

(1) to determine the sets of independent variables that best explain the dependent
variables; and

(2) to examine the relative importance of independent variables in the estimated
regression equations.

We estimated the models using a variable inclusion criterion of p¼ 0.01 and exclusion
criterion of p¼ 0.011. We accommodated missing data with pairwise deletion, as
Little’s MCAR test, with a significance of p¼ 0.062, indicated that data were missing
completely at random. We visually screened for influential observations by using
scatterplots of residuals and scatterplots between dependent and independent
variables. All models were eventually estimated with all the data because the removal
of a few possible influential observations resulted only in minor changes in the models.
Finally, we assessed multicollinearity by examining the tolerance values of the
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variables. The final outcome of the regression analysis was a single regression model
for each dependent variable.

3.5 Validity
According to Yin (2003), the criteria for judging the quality of a case study design
comprise four tests: construct validity, internal validity, external validity, and
reliability. Because this study did not include causal research, the evaluation of internal
validity can be omitted. We will discuss the three other tests briefly.

To enhance construct validity, we used multiple sources of evidence: meetings,
interviews, and the survey. We used data from meetings and interviews to identify
performance measurement system usage practices in the case organisation and further
refined and verified these results with the survey data. This sequential approach
ensured that the survey focused on the right issues because its construction relied
on the other data collection methods. We find the construct validity of the study to be
satisfactory overall because all the broad constructs of the conceptual model were
operationalised with summated scales derived through a structured approach that
used existing theory, qualitative research and refinement with the survey.
Moreover, the nomological validity of the summated scales can be assumed because
their relations were mainly in line with P1-P3.

The external validity, or generalisability, of this study stems from the selection of a
case organisation that is representative of a typical field service organisation offering
preventive maintenance and repair services. Its performance measurement system
consists of measures that are typical for maintenance processes. Using a typical,
representative case in a single case study is advised by Yin (2003). The potential
boundary conditions to our findings stemming from the case company characteristics
include its geographically distributed organisational form, small field service
units, average technological complexity of maintained equipment, and mature stage
of the business.

Finally, we addressed reliability through a thorough documentation of the research
design and data collection procedures, as suggested by Yin (2003). Meeting topics and
agendas were designed in advance and documented, meeting notes were taken,
interviews were semi-structured and audio-recorded, the construction of the survey
instrument was documented, sand the survey data analysis was described in detail.
Thus, we believe that another researcher could perform the same case study again,
yielding similar results.

4. Results and analysis
This section presents the results derived from the analysis of the survey data.
Section 4.1 introduces the summated scales established through principal component
analysis and discusses their meaning. Section 4.2 then presents the results of the
regression analyses, which explore and elaborate on the propositions of the conceptual
model. Finally, Section 4.3 synthesises the results and outlines the main findings
of the study.

4.1 Summated scales
Factor analysis of the data capturing the conceptual model’s four broad constructs
resulted in three factors for each broad construct, yielding a total of 12. We interpreted
each factor together with the case company managers and with the help of the
conceptual model. Next, we calculated summated scales for use in the regression
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analysis. Table I summarises the names and descriptions of the scales. The Appendix
contains the items of each scale and their loadings.

As suggested by Hair et al. (2010), we assessed the scales for reliability (Cronbach’s
a values), unidimensionality (loadings in principal component analysis), and
content (conceptual model and discussions with case organisation managers) and
discriminant validity (correlations). Convergent validity could not be assessed
due to the lack of concepts available for comparison, and nomological validity
was considered to be satisfactory, as stated in Section 3.5. The only perceived
problems with validity were the somewhat low content validity of the Improve
Competitiveness scale, the low discriminant validity between the Inspect and
Improve and the Motivate scales (correlation of 0.787), and the low reliability of the
Reporting scale (a¼ 0.541) compared to the suggested threshold of 0.70 (Hair et al.,
2010; Hinkin, 1995). However, taking the explorative nature of the scale creation
process into consideration, we are satisfied with the scales’ ability to capture the
relevant aspects of performance measurement in the case organisation and that they
can be used to analyse the relationships suggested in propositions of the conceptual
model. In particular, our close collaboration with the case company’s managers
and the inductive approach used in the creation of the items increases our confidence.
Table II presents the descriptive statistics and the bivariate correlations of the
summated scales.

4.2 Exploring the propositions of the conceptual model
We studied and elaborated on the relationships suggested by P1-P3 using stepwise
regression analysis. Nine summated scales of the three latter constructs of the
conceptual model were chosen as dependent variables and a multivariate regression

Name Description

Construct: deployment of performance measurement system
Proper system
design

How well the performance measurement system is designed: if it is applicable,
understandable and appropriate for use in management

Training How well the supervisors have been trained and advised to use the performance
measurement system

Reporting How accessible and easily available the performance measurement system’s
report is

Construct: use of performance measurement system
Inspect and
Improve

Performance measurement system use in which data are first analysed and
inspected; thereafter, improvement actions are undertaken

Decision Making Performance measurement system use in which managerial, field service unit
level decisions are made

Motivate Personal level, motivational use of performance measurement system
Construct: behaviour
Improve
competitiveness

Willingness to act and improve operations in a way that is beneficial for business

Motivation Motivation of the supervisor and technicians to perform well in their operations
Goal
communication

Supervisor’s and technicians’ awareness of the goals and strategies of the
organisation

Construct: performance
Efficiency Performance related to inputs and outputs of the operations
Dedication Performance related to effectiveness, pride and devotion towards work
Extra work Performance related to proactivity and entrepreneurial drive

Table I.
Names and descriptions
of the summated scales
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model was estimated for each them. Independent variables added to the stepwise
model estimation process were summated scales from the preceding constructs and 12
conceptual variables that we included to control for influences that were external to the
conceptual model. These potential external influences were identified in the interviews
with the supervisors and meetings with the case company managers. The control
variables included the characteristics of the field service units’ personnel (supervisor’s
years of experience, number or technicians), installed base (equipment use, variety of
equipment), and customers (business type, contract type), as well as country-level
differences absorbed by the dichotomous country variables. We acquired the data for
the control variables from the case company’s enterprise resource planning software.
In the resulting models, the independent variables to be entered for each model were
chosen by the stepwise estimation technique. Table III presents the results of the
regression analyses.

We examined the residual and normal probability plots of the residuals for the nine
variates and assessed that the assumptions of the regression analysis hold adequately
for the purposes of our analysis. Multicollinearity is a small concern in the estimation
of models for two dependent variables, Motivation and Efficiency, even though the
tolerance values are above the reference point of 0.33 (Hair et al., 2010). As a dependent
variable, Motivation may also be explained by the independent variable Inspect and
Improve, which has a high correlation (0.787) with the independent variable that is
in the model, Motivate. In the model for the dependent variable Efficiency, which is
explained by the independent variable Motivation, a possible explanatory variable could
be Improve Competitiveness, which has a correlation with Efficiency (0.424) that is of
comparable size to the correlation between Efficiency and Motivation (0.436). We address
these possible effects as well in the interpretation of the results in the next sections.

4.3 Summary of findings: usage practices and their contribution to performance
Given the research question, the first result of this study is the identification of three
performance measurement system usage practices: Inspect and Improve, Decision
Making, and Motivate. In the case company, Decision Making clearly differs from
the two others because it captures the higher-level management of the supervisors
in making decisions related to an entire organisational unit (field service unit).
Usage practices Inspect and Improve and Motivate, on the other hand, revolve around
people (technicians) and their management. Inspect and Improve is a control-type of
usage practice in which control action is tied to personal level improvement whereas
Motivate is a more leadership-type usage practice. We summarise this categorisation
of the usage practices as the first finding:

. Finding 1: three usage practices are relevant when managing with a performance
measurement system: Inspect and Improve, Decision Making, and Motivate.

The regression analyses suggest relationships between identified usage practices and
performance as summarised in Figure 3. These relationships extend the conceptual
model and P1-P3.

P1 suggests a positive link between the deployment of a performance measurement
system and its use. Proper System Design is positively related to all the three usage
practices of Inspect and Improve, Decision Making, and Motivate (b coefficients
are 0.517, 0.463, and 0.480, respectively). This empirical finding supports P1.
However, the use of performance measurement systems varies among countries, as
demonstrated by four b coefficients between usage practices and country variables
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(�0.368, �0.278, �0.233, 0.273). Nevertheless, Proper System Design has a larger effect,
as seen from the b coefficients. Therefore, we conclude:

. Finding 2: the proper design of a performance measurement system is positively
related to its use.

P2 suggests that the use of a performance measurement system stimulates beneficial
behaviour. As expected, Motivation is positively related to the Motivate use scale
(b coefficient 0.371). However, Proper System Design explains the behavioural scales of
Improve Competitiveness and Goal Communication (b coefficients of 0.440 and 0.540,
respectively). Moreover, the Inspect and Improve usage practice can be interpreted to
be another contributor to Motivation due to their high bivariate correlation (Table II).
In light of P2, our mixed findings suggest that a set of different relationships explain
behavioural effects. We summarise these relationships as Findings 3-5:

. Finding 3: the use of a performance measurement system for personal-level
motivational and improvement practices is positively related to motivation.

. Finding 4: the proper design of a performance measurement system is positively
related to the willingness to improve competitiveness.

. Finding 5: the proper design of a performance measurement system is positively
related to awareness of organisational goals.

P3 suggests that beneficial behaviour improves organisational performance. According
to our analysis, the behaviour of Motivation is positively associated with the performance
areas of Efficiency and Dedication (b coefficients of 0.436 and 0.542, respectively).
In addition, the high bivariate correlation suggests that the Improve Competitiveness
behaviour has a positive effect on Efficiency. To our surprise, the performance scale of
Extra Work was not explained by any behaviours but by a contextual country variable.
Further discussions with case company managers clarified that this result reflects
country-level differences in the processes related to extra work. Nonetheless, P3 seems to
be valid in light of these findings. We summarise this in Findings 6 and 7:

. Finding 6: motivation and willingness to improve competitiveness are positively
related to organisational efficiency.

. Finding 7: motivation is positively related to performance area dedication.

Deployment of
Performance

Measurement System

Use of Performance
Measurement System

Behaviour Performance

Proper System
Design

Training

Reporting 

Inspect and
Improve

Decision
Making

Motivate

Motivation

Improve
Competitiveness

Goal
Communication

Efficiency

Dedication

Extra Work

Country influenceCountry influence

Country influence

Country influence

Figure 3.
Relationships suggested

by regression analyses
(solid lines) and

correlations (dotted lines)
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Finally, some of the scales were not included as independent variables in any of
the estimated regression models using the stepwise algorithm. In contrast to the
suggestions of P1-P3, Training and Reporting did not explain the use of a performance
measurement system, the Decision Making usage practice did not explain behaviour,
and Goal Communication did not explain performance. From our perspective, this
result is part of the elaboration of the conceptual model because it emphasises the other
variables that have effects. A summary of the Findings and how they support or
discredit P1-P3 are listed in Table IV.

5. Discussion
The conducted study provides a complementary, operational-level view of performance
measurement to the strategic, higher-level management perspective provided by current
literature on maintenance performance management (Coetzee, 1999; Kutucuoglu et al.,
2001; Parida and Kumar, 2006; Gaiardelli et al., 2007; Muchiri et al., 2011). The study
identifies a set of situations to be investigated in the evaluation of outcomes on
operational-level from introducing a performance measurement system in a maintenance
process. In the section that follows we discuss the reasons for the observed effects of the
performance management system in the case organisation, the role of organisational
context, and practical implications. A note on limitations concludes the discussion.

5.1 Implications for the constitution of the performance effects of performance measurement
In this study, we elaborate the conceptual model (P1-P3) derived from literature and
through the elaboration develop a more detailed operational perspective on the
performance effects of performance measurement systems. Overall, our findings are in
alignment with the extant literature on how performance measurement affects
organisational performance as captured through P1-P3. According to our analysis
(see Table IV), all three propositions hold individually: Finding 2 supports P1,
Finding 3 supports P2, and Findings 6 and 7 support P3. Findings 2, 3, 6, and 7 are also
in line with the overall conceptual model (Figure 1), which posits that performance
management practices influence behavioural effects, which subsequently influence

Finding Relation Proposition

1: Three usage practices are relevant when managing with a
performance measurement system: Inspect and Improve,
Decision Making, and Motivate

– –

2: Proper design of a performance measurement system is
positively related to its use

Supports P1

3: The use of performance measurement system for
personal level motivational and improvement practices is
positively related to motivation

Supports P2

4: The proper design of a performance measurement system
is positively related to willingness to improve
competitiveness

Discredits P2

5: The proper design of a performance measurement system
is positively related to awareness of organisational goals

Discredits P2

6: Motivation and willingness to improve competitiveness
are positively related to organisational efficiency

Supports P3

7: Motivation is positively related to performance area
dedication

Supports P3

Table IV.
Findings of the study
and their relations with
the study’s propositions
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performance (de Leeuw and van den Berg, 2011). Unexpectedly, Findings 4 and 5
suggest that for Goal Communication and Improve Competitiveness, the design of a
performance measurement system matters more than its actual use, which implies that
the constitution of the performance effect of performance measurement does not
necessarily follow a single path, as suggested by the conceptual model.

The first implication of our elaborated model is to highlight the role of motivation. The
behavioural effect of Motivation links the use of a performance measurement system and
performance (Findings 3, 6, and 7). More specifically, Finding 3 suggests that the
motivational (Motivate) and personal-level improvement (Inspect and Improve) uses are
the most effective practices for increasing Motivation. Furthermore, Motivation stands out
as the clearest antecedent to performance (Findings 6 and 7). In the existing literature,
motivation is discussed but not extensively emphasised. For instance, Johnston and Clark
(2008) identify motivation as one of four purposes of performance measurement, and
Simons (2000) states that performance measurement system use for control induces
motivation – both intrinsic and extrinsic – in an organisation. However, given our
results, future studies on the performance effects of performance measurement are well
advised to consider motivation as a major source of increased performance. We argue
that intrinsic motivation in particular is beneficial in improving performance, in contrast
to extrinsic motivation induced by tangible rewards.

Second, our detailed analysis demonstrates both expected and unexpected effects of
proper performance measurement system design. In our analysis, Proper System
Design captures user views of the performance measurement system. Positive
evaluations of Proper System Design are associated with higher levels of performance
measurement system use (Finding 2), as expected (Franco and Bourne, 2003; de Waal,
2003). This further supports previous findings of performance measurement system
implementation success. However, unlike what was expected (P2), Findings 4 and 5
indicate a direct relationship between Proper System Design and the behavioural
effects of Goal Communication and Improving Competitiveness. Due to the lack of
specific usage practice interventions, we label these mechanisms as “informational
effects”. As the main theoretical basis for P2, de Leeuw and van den Berg (2011) found
somewhat similar informational effects in their study. However, their behavioural clusters
of Understanding and Motivation relate rather directly to performance indicators, whereas
our findings suggest that induced behaviour is more general and all-purpose.

In summary, our explorative analysis contributes to the understanding of the
operational constitution of the performance effects of performance measurement
systems. First, the use of a performance measurement system to motivate and the
resulting motivation effect was a central mechanism in producing performance outcomes
in the studied case. Second, our findings on the direct behavioural effects of Proper
System Design suggest that informational effects are a distinct type of mechanism that
does not require use. Instead the design of the system itself informs – without necessarily
being used – what are required behavioural effects. However, these findings describe the
case organisation and its 149 local units, and it is therefore possible that other
organisations would exhibit different mechanisms. In order to establish the foundation
for generalisation, we continue with a discussion of the relationship between
organisational context and the use of performance measurement systems.

5.2 Organisational context and the use of performance measurement systems
Our exploratory findings on the use of performance measurement systems (Finding 1)
differ from the model of Simons (2000). Simons lists five uses for a performance

393

Performance
measurement

system use



www.manaraa.com

measurement system: Control, Signalling, Decision making, Education and learning,
and External communication. Our principal component analysis suggests that three
dimensions of use constitute the best model in this case: Inspect and Improve, Decision
Making, and Motivate. Although External communication was not examined in this
study, the other dimensions demonstrate similarities. Most notably, the Decision
Making use is part of both models. The Inspect and Improve practice overlaps both the
Control use and the Education and learning use because its control action is linked to
the improvement and coaching of the technicians. The Motivate practice is another
distinct component of the Control use. Finally, Signalling is partly included in
the Inspect and Improve practice because improvement in this area is related to
communicating and signalling improvement areas to people. Overall, our analysis
produced a different categorisation for the use of performance measurement systems,
although some similarities could be found.

Our findings emphasise a softer management style in the effective use of
performance measurement systems. Instead of upper level management and control it
is motivation and leadership interaction with employees that are central for achieving
desired performance outcomes (see Figure 3). Marr’s (2004) survey findings, in contrast
to our findings, identify motivation as a less-frequent reason for using a performance
measurement system compared to control and strategy. Furthermore, the descriptive
statistics (Table II) show that supervisors rate their frequency of use for Motivate and
Inspect and Improve higher than for Decision Making. From our perspective, this
reflects the case organisation’s successes in training field service unit supervisors in a
coaching style of management, as was also revealed by the managers in the meetings.
There has been a development programme, for instance, in which the supervisors have
been trained to act as coaches for the field technicians and to help them to develop
technical expertise. Ties between management style and the use of performance
measurement systems have also been suggested by Bititci et al. (2006). In the case
organisation, the people-centred use of the performance measurement system has a
positive relation with the organisation’s efforts in coaching and personal development.

This implies a contingent relationship between the use of a performance
measurement system and the management style of the organisation. In their multiple-
case study, Bititci et al. (2006) suggest that successful performance measurement
system implementation requires an authoritative management style and that the
subsequent success leads to an achievement-oriented culture and a more consultative
and participative management style. Our findings (Finding 1) provide a more detailed
description of the specific types of usage practices that are associated with performance
in organisations that are managed in a consultative and participative manner. To be
clear, our study does not elaborate the more traditional use of performance measurement
systems as a tool for mechanistic control. However, we propose further research into
understanding alternative ways of using performance measurement systems and how
their effectiveness is contingent on the organisational context.

5.3 Practical implications
The findings of this study offer insights on how managers can use performance
measurement systems to improve performance, based on a case example from
maintenance. To position the study’s practical implications, we use the design
proposition framework of Denyer et al. (2008), which identifies four elements: context,
intervention, mechanism, and outcome (Denyer et al., 2008). Mechanism (motivation)
and outcome (improved performance) have already been extensively discussed in the
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preceding section. Here, in discussing practical implications, we focus on the first two
elements of the framework: context and intervention.

Regarding the context issue in relation to performance measurement, our study
suggests that a performance measurement system can successfully be used as a
motivational leadership tool to influence the working habits of the field services
personnel. In the case company, supervisors used the performance measurement
system to motivate field service technicians and to identify opportunities to achieve
personal improvement. Similar usage practices are likely to be applicable in many
contexts in which the maintenance organisation consists of many small units
of a manager and a small team of technicians.

Regarding the performance measurement intervention, our analysis suggests
that the design and implementation of the performance measurement system are
central antecedents to its use. This is a reminder for higher-level managers who
are responsible for the design and deployment of performance measurement systems.
It is critical for management to ensure that systems are actually taken into use in
the organisation. When systems are not used, it is the responsibility of management to
investigate possible changes in the design of the system, the implementation,
and training procedures facilitate wider use. The importance of proper design and
implementation is further underlined by the informational mechanisms that can
stimulate beneficial behaviour when the performance measurement system is
available, but not necessarily taken into use.

In addition to design and implementation, the higher-level managers who are
responsible for the deployment of the performance measurement system should pay
attention to differences among the organisational units that use the system. In this
study, we found that preferred usage practices varied among country organisations.
Although “country” was addressed only as a control variable in the study, the country
managers’ effort and commitment towards the system have a significant influence on
its use. In meetings, managers of the global-level organisation told us that some
country managers are very enthusiastic about the system, whereas there are others
who pay little attention to it. The importance of management leadership, commitment
and desire for a performance measurement system has also been identified as a factor
that enables performance management in previous studies (Franco and Bourne, 2003;
Nudurupati and Bititci, 2005).

5.4 Limitations
We are generally satisfied with the validity of our case study, as discussed in Section
3.5. As with any case study, our findings would benefit from further research in
different settings. The primary limitation of this study is its reliance on meetings and
interviews for the identification of usage practices. If some relevant performance
measurement practice was not brought up in the meetings or interviews, it would
likely not surface in the survey. However, the expertise of the case company’s senior
development manager and two other managers, and including open questions in the
survey instrument, mitigate against this risk.

The results of the survey also had a few minor limitations, as briefly reviewed in
results Sections 4.1 and 4.2. One of the created summated scales (Reporting, a¼ 0.541)
had an a value below the suggested threshold of 0.7 and another was marginally
reliable (Dedication, a¼ 0.699). The convergent validity of the scales could not be
assessed due to lack of similar measures, and discriminant validity between the
Inspect and Improve and Motivate scales was rather low. These problems were caused
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by the exploratory nature of the survey: scale creation took place during the survey
and it was more exploratory than what is traditionally done to address a sufficiently
large field of performance measurement topics. Nonetheless, we believe that the
summated scales are sufficiently valid and reliable to serve their exploratory purpose.
In future research, their items should be revised, which would also address some minor
issues with multicollinearity and thus produce more accurate estimates.

6. Conclusions
This paper has discussed different usage practices of performance measurement systems
and their role in the constitution of the performance effects of performance measurement.
Prior literature has identified broad categories of performance measurement system use
and focused rather heavily on strategic, upper-level management in the use of these
systems. In this exploratory single-case study, we examine usage practices and their
contribution to improved performance in more detail in maintenance. According to our
analysis, the main usage practices of performance measurement system are Inspect and
Improve, Decision Making, and Motivate. Regarding the performance effects, Inspect
and Improve and Motivate were the central usage practices contributing to improved
performance in the maintenance process. Furthermore, our findings emphasise motivation
as an important behavioural factor that is achieved with the use of performance
measurement systems and that relates to improved performance.

There are future research opportunities in building on our findings to expand the
understanding of performance measurement system use. In particular, motivational,
leadership use and the motivation induced with use have been dominated by the
strategic control views in current literature (Coetzee, 1999; Kutucuoglu et al., 2001;
Parida and Kumar, 2006; Gaiardelli et al., 2007; Muchiri et al., 2011). Our findings
suggest that these areas are important to capture the potential of performance
measurement system use for some organisations. Another direction for further
research is the beneficial performance effects that stem from the deployment of a
performance measurement system rather than its use. We identified these influences as
an informational mechanism. Future research is needed to specify how the emergent
understanding of the operational use of performance measurement systems can
contribute to the body of knowledge on the design and implementation of performance
measurement systems in maintenance processes.
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Appendix

Item Factor loading
Topic (category
prior to analysis)

Instrument wording: the following statements relate to the Performance Measurement System and its
measures. Please indicate your opinion on each statement on a scale from 1 to 7, where 1¼ Completely
disagree, 2¼Disagree, 3¼ Slightly disagree, 4¼Neither disagree or agree, 5¼ Slightly agree,
6¼Agree, 7¼Completely agree

Proper System Design (a¼ 0.935)
The quality of the measurement data is good (Franco and
Bourne, 2003) 0.860 Metrics
Measures are understandable (Franco and Bourne, 2003;
Melnyk et al., 2004; de Waal, 2003; Bourne et al., 2005) 0.779 Metrics
There is an appropriate amount of measurement targets
(Melnyk et al., 2004; Johnston and Clark, 2008) 0.766 Management
I can predict future outcomes with the measures (Franco and
Bourne, 2003; Melnyk et al., 2004; Radnor and Barnes, 2007) 0.759 Metrics
Measures reflect areas that are relevant to managing
maintenance operations (Franco and Bourne, 2003) 0.743 Metrics
Measurement targets are set appropriately ( Johnston and
Clark, 2008; de Leeuw and van den Berg, 2011; Ittner and
Larcker, 2003) 0.734 Management
I understand how the measurement data are generated
(Franco and Bourne, 2003; de Waal, 2003) 0.701 Metrics
Relationships between measures are clear (Bourne et al., 2005;
Johnston and Clark, 2008; Neely and Bourne, 2000) 0.695 Metrics
There is an appropriate amount of measures (Franco and
Bourne, 2003; Johnston and Clark, 2008; Kaplan and Norton,
1992) 0.662 Reporting
Measures relate to the strategic objectives of the company
(Franco and Bourne, 2003; Johnston and Clark, 2008;
de Leeuw and van den Berg, 2011; Ittner and Larcker, 2003) 0.615 Metrics
Training (a¼ 0.898)
I have been trained to use the Performance Measurement
System (Franco and Bourne, 2003; de Leeuw and van den
Berg, 2011) 0.902 Training
What the measures mean has been explained to me (Franco
and Bourne, 2003) 0.854 Training
I have instructions for the use of the Performance
Measurement Systema 0.824 Training
Reporting (a¼ 0.541)
The Performance Measurement System report is easily
accessible (Franco and Bourne, 2003; de Leeuw and van den
Berg, 2011) 0.761 Reporting
The Performance Measurement System report is published
frequently enough (Franco and Bourne, 2003; de Leeuw and
van den Berg, 2011) 0.750 Reporting
(Deleted items)
I prefer to use another measurement report instead of the
Performance Measurement System (Reverse scale)
(Bourne et al., 2005) Reporting

(continued)

Table AI.
Summated scale

(Cronbach’s a)
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Item Factor loading
Topic (category
prior to analysis)

Instrument wording: to what extent do you use the Performance Measurement System for the
following purposes? Please indicate the extent of use for each purpose on a scale from 1 to 5, where
1¼Not at all, 2¼Little, 3¼ Somewhat, 4¼Much, 5¼Very much

Inspect and Improve (a¼ 0.961)
To follow trends in technician-level measuresa

0.862 Control
To gain an overall picture of how well my entire team of
technicians is performinga

0.801 Control
To identify development areas for techniciansa

0.791 Education and
Learning

To gain concrete information on how well each of my
technicians is performinga

0.777 Control
To evaluate my entire team of technician’s achievement of
targetsa

0.751 Control
To show technicians areas on which they should focusa

0.743 Signalling
To monitor targets set for my entire team of techniciansa

0.739 Control
To coach technicians on how they could improve their worka

0.692 Education and
Learning

Decision Making (a¼ 0.938)
To coordinate resources in my team of techniciansa

0.884 Decision Making
To plan operations in my team of techniciansa

0.873 Control
To make business decisions in my team of techniciansa

0.811 Control
To allocate technician work in my team of techniciansa

0.794 Decision Making
Motivate (a¼ 0.794)
To create a positive competitive setting between techniciansa

0.817 Control
To motivate techniciansa

0.643 Control
(Deleted items)
To set targets for techniciansa

Control
To evaluate technicians’ achievement of targetsa

Control
To give positive feedback to techniciansa

Control
To follow trends in team-level measuresa

Control
To communicate company goals to techniciansa

Signalling
To learn the effects of my decisionsa

Education and
Learning

To improve my own management worka
Education and
Learning

Instrument wording: the following statements relate to your team of technicians. Please indicate your
opinion on each statement on a scale from 1 to 7, where 1¼Completely disagree, 2¼Disagree,
3¼ Slightly disagree, 4¼Neither disagree or agree, 5¼ Slightly agree, 6¼Agree, 7¼Completely
agree

Improve Competitiveness (a¼ 0.845)
In our team of technicians, we know how our company is
planning to be competitive (Flynn and Flynn, 2004) 0.836 Communication
We have an overall picture of how well our team of
technicians is performingb 0.758 Control
In our team of technicians, we believe that operational
improvement is our responsibility (Douglas and Fredendall,
2004) 0.744 Improvement
Motivation (a¼ 0.822)
In our team of technicians, we like challenges ( Jambulingam
et al., 2005) 0.827 Motivation

(continued)Table AI.
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Item Factor loading
Topic (category
prior to analysis)

In our team of technicians, we are very ambitious about our
work ( Jambulingam et al., 2005) 0.814 Motivation
In our team of technicians, we consider ourselves to have high
motivation towards work ( Jambulingam et al., 2005) 0.626 Motivation
Goal Communication (a¼ 0.821)
Company goals, objectives and strategies are communicated
to our team of technicians (Flynn and Flynn, 2004) 0.846 Communication
In our team of technicians, we understand the long-term
competitive strategy of our company (Flynn and Flynn, 2004) 0.799 Communication
We know if our team of technicians meets its targetsb 0.669 Control
(Deleted items)
Strategies and goals are communicated primarily to my
superiors (Reverse scale) (Flynn and Flynn, 2004) Communication
Technicians in our team of technicians are a group of
hard-working individuals ( Jambulingam et al., 2005) Motivation
We are able to influence the way our team of technicians
operatesb Control
In our team of technicians, we continuously improve our
operations (Douglas and Fredendall, 2004) Improvement
In our team of technicians, we analyse our operations to look
for ways of doing a better job (Douglas and Fredendall, 2004) Improvement
Instrument wording: Please evaluate performance of your team of technicians on following aspects on
a scale from 1 to 7, where 1¼Very poor, 2¼Poor, 3¼ Somewhat poor, 4¼Average, 5¼ Somewhat
good, 6¼Good, 7¼Very good

Efficiency (a¼ 0.824)
Productivity (Dean and Snell, 1991) 0.846 Performance
Accuracy of maintenance (Dean and Snell, 1991) 0.752 Performance
Completion time of maintenance tasks (Dean and Snell, 1991) 0.736 Performance
Utilisation of technician resources (Dean and Snell, 1991) 0.658 Performance
Dedication (a¼ 0.699)
Team motivation (Dean and Snell, 1991) 0.892 Performance
Maintenance work quality (Dean and Snell, 1991) 0.746 Performance
Extra work (a not applicable – single item)
Extra work by techniciansa 0.922 Performance

Notes: aMeetings and interviews. bAuthors Table AI.
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