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Abstract
Starting with an analysis of the financial and non-financial
indicators that can be found in the specialised literature, this
study aims to contribute to improvements in the performance
measurement systems used when the unit of analysis is the
manufacturing plant. For this a search was done in the highest
impact Journals of Production and Operations Management
and Management Accounting , with the aim of determining the
financial and non-financial indicators used to evaluate
performance when Advanced Production Practices have been
implemented, more specifically when the practices
implemented are Total Quality Management, JIT/Lean
Manufacturing and Total Productive Maintenance. This has
enabled us to obtain a classification of the two types of
indicators based on how much each is used. For the financial
indicators we have also prepared a proposal that can be
adapted to manufacturing plants’ accounting features. In the
near future we will propose a model that links practices
implementation with financial and non-financial indicators and
these two last with each other. We aim to will test this model
empirically with the data obtained in the High Performance
Manufacturing Project.
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I. INTRODUCTION

F

rom the nineteen-eighties on, economic globalisation has
led to thousands of companies having to change their
manufacturing processes in order to increase their
competitiveness through reductions in waiting times and costs
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and increased manufacturing flexibility [1]. This has resulted
in firms explicitly including production management in their
business strategy. This had not been the case previously,
meaning that many American and European companies lost
part of their market share and saw a fall in their productivity
[2]-[ 3].
From that moment on, the need to link operations and
strategic decisions became an obligatory challenge in the
production area that had to be addressed by the management.
This was known as the “revolution in world manufacturing”
[4] which led to the development of Advanced Production
Practices (APPs) and was hailed as the path to high
performance in industrial plants [3]
Generally-speaking,
APPs
are
implemented
in
manufacturing plants which then very frequently become the
unit of analysis for studies in the industrial field as they are the
units in which firms’ production systems are organised and are
the units ultimately responsible for producing the products. It
is therefore not surprising that in this context the indicators
used to measure a plant’s performance have basically been of
an operational nature [5]. For the very same reason, in most
cases we find that financial indicators are not used to measure
performance or, when they are, they are only used. There is
therefore a gap between operations measurement, where nonfinancial indicators usually dominate, and performance
measurement of the firm itself, as a whole, where the use of
financial indicators predominates.
This is due to the fact that many financial indicators cease to
be meaningful in the plant context as they focus more on the
company as a single entity [6]. Nevertheless, we believe that
financial indicators could be used in the plant context on many
occasions, either as they are used in the company, or
appropriately adapted where necessary. This would
doubtlessly improve APP application evaluation by
complementing the non-financial performance measurement
aspect.
However, it should not be forgotten that financial
performance is not only affected by operations management,
but also by the other areas that make up the company (e.g.,
Finances, Marketing, Human Resources, etc.). Nonetheless, it
would seem obvious that any improvement in the way the
manufacturing plant works, and therefore also in operations,
would then lead to improvements in financial performance.
We would go so far as to say that, in keeping with other
authors [7] [8], we believe that the very fact that non-financial
indicators are used to measure performance (e.g., lead-time,
on-time delivery, time cycle, etc.) should result in
improvements in the company’s financial performance. This is
due to knowledge of these indicators would allow the

operations system to be both controlled and corrected and
improved and, therefore, likewise the company.
Given all the above, we have embarked on a line of
research in the framework of the international High
Performance Manufacturing -HPM- project in which this
study is framed (and on which we comment below) with two
fundamental objectives:
1) To propose both financial and non-financial indicators
for APP application and for the measurement of performance
in industrial plants drawn from the wide range and large
number that appear in the literature. In this paper we shall
present the proposal for financial indicators that we have
arrived at thus far. At the moment we can only present an
initial classification of non-financial indicators and APPs
application indicators, and anticipate finalising the proposal
for the dates that the Conference will be held.
2) To propose a model using both non-financial (NFI) and
financial (IF) indicators that enables any relationships that
might exist between the use of APPs and plant performance to
be established. This model will also consider the possible
affect of the use of NFI on the value of the FI. Once this model
has been devised it will be tested empirically against data
taken from the International HPM Project to which we referred
previously.
Due to not have empirical data, we focus on the first of the
objectives.
The following section provides comments on the
methodology used to conduct the study and a brief description
of the HPM Project. The findings to date are then presented, to
be precise, the proposal based on APP application indicators
and non-financial and financial indicators. Finally, it outlines
the proposed model is to test empirically in a future extension
of this work.
III. METHODOLOGY
To achieve our first objective a search strategy was
established for selecting the scientific works for analysis using
ABI/INFORM as the main database complemented by Scopus
To be precise, the following key words were taken into
account to select the articles for analysis: “Non-Financial
Measures ”, “Non-Financial Performance Measures ”, “NonFinancial Performance Indicators ”, “Non-Financial Indicators
”, “Financial Measures”, “Financial Performance Measures”,
“Financial Performance Indicators”, “Financial Indicators ” in
combination with the APPs: Just in Time; Total Quality
Management, Total Productive Maintenance and Lean
Manufacturing. The reasons for selecting these three practices
are commented below.
The articles chosen from the 135 that were retrieved were,
basically, those published in high impact journals in the
following areas: Management Accounting and Productions and
Operations Management according to [10]-[11], respectively.
We also included in our analysis some articles and doctoral
theses that had been referenced by the majority of the articles
published in the above-mentioned journals which refer to at
least one of the chosen APPs (for further detail on the
methodology, see [2]). In total we selected and examined 89
articles that refer to at least one of the chosen APPs.

It was from these studies that APP application and nonfinancial and financial indicators were taken that would be the
basis for our proposal.
These will be commented briefly in this study as we shall
focus more on identifying and preparing an initial
classification of the APPs application indicators and the nonfinancial indicators that we had not touched on to date, given
that selection and proposal for financial indicators was stated
in [9].
The second objective of this research is aimed at devising a
model which will represent any relationships established
between the APPs and the financial and non-financial
indicators, as well as between these two last. We intend to test
this model empirically in a later phase, and this is thus beyond
the scope of this current study. Nevertheless, we would like to
repeat that for this the database of the International High
Performance Manufacturing (HPM) Project will be used.
The purpose of this project is to determine the reasons
why implementing the same range of APPs in a given sector
leads to high performance in some plants while in others only
standard performance is achieved. We use an extensive survey
to analyse the factors that contribute to the success of high
performance manufacturers and attempt to ascertain how these
factors affect plant performance [12-]-[14]-[15]. The survey
was conducted among a wide international range of
manufacturing plants in the machinery, electronics and
automotive components sectors. With three rounds having now
been completed (carried out in 1991, 1997 and 2005 [12]-[15],
we are currently in the 4th Round of the HPM project. Taking
active part in this 4th Round are 15 research groups and 480
companies in 16 developed and emerging countries1. The
following APPs are being studied in this round: Just Time
(JIT)/Lean
Manufacturing
(LM),
Information
Systems/Information Technology (IS/IT), Total Quality
Management (TQM), Technology (T), Human Resources (HR),
New Product Development (NPD), Supply Chain Management
(SCM), Total Productive Maintenance (TPM) and Theory of
Constraints (TOC), Environment/Sustainability (E/S),
Business Services (BS).
Our study focuses on TQM, JIT/LM and TPM due to their
recognised importance for high performance companies, and
also because of similarities in their goal of creating a more
efficient and effective production system through continuous
improvement and the elimination of wastage to enable the
production rate to be increased [15-[16]. Furthermore, since
the simultaneous application of these APPs has a positive
impact on several different company areas as the strong
correlation between them contributes valuable results in
various aspects at the plant level, such as: improved customer
satisfaction, reduced production cycle, shorter delivery times
and better supplier selection, to mention only some [5]-[ [15][17].

1
United States, Canada (Rounds 1, 2, 3 and 4); Germany, Japan, Italy
(Rounds 2, 3 and 4); United Kingdom (Rounds 2 & 4); Austria, Korea, Spain,
Finland, China and Sweden (Rounds 3 & 4); Brazil, Taiwan, Israel and
Singapore (Round 4).

IV. RESULTS
The main findings regarding the identification, analysis and
classification of indicators found in the chosen articles are
presented in the following.
A. APPs application indicators
The indicators or performance measures that evaluate the
degree to which APPs are applied are found in production
environment control systems. These indicators are closely
linked with the principles that govern the way that APPs work.
It should be borne in mind that APPs represent wide concepts
related to production activity and that there is no consensus on
each APP’s definition [15]. It should be remembered in this
respect that each APP is characterised by a series of aspects,
which some authors refer to as techniques (e.g., [15]-[17]),
that have become standardised over the years. This is one of
the reasons why the level or degree to which these aspects
have been achieved is measured to evaluate the degree to
which the various APPs have been implemented. For example,
in the case of TQM implementation, the existing levels of
management by processes, customer involvement, supplier
quality management, etc. can be measured [15].
JIT, meanwhile, is evaluated by equipment layout, the Pull
production system, etc. [15]. In the case of Lean
Manufacturing, the application of cellular manufacturing and
employee participation are mentioned [19]. Finally, for the
degree to which the final APP, TPM, is implemented, the level
of autonomous and planned maintenance can be observed,
along with the emphasis put on technological activity [15].
In the analysis we found 133 indicators which were used to
measure the degree of implementation of the APPs under
analysis. It should be stated that it was not an easy task to
choose these indicators. Firstly, because there is no consensus
among researchers about which are the most appropriate for
measuring the application of each of the APPs, and secondly
operational difficulties were encountered when recording them
(the authors analysed did not always give them the same names
or define them in the same way).
In this section we shall carry out an initial classification of
the measures that evaluate the degree to which the APPs have
been applied. These APP application indicators are generally
comprised of indicators that are statistically referred to as
“latent variables” and are basically measured using the Likert
scale.
Table 1 shows those that have been used at least in 5 of the
publications examined. They have been organised into four
groups. (1) Common to all the APPs, (2) those used for three
APPs, (3) those used in two APPs, and (4) those only used in
one APP.
Table 1 only provides a simple classification, without
going in depth into the scales used for each indicator, which it
is hoped will be addressed in future research. Apart from a
proposal for each of the APPs, bearing in mind that although
there are close links between them, each is pursuing its own
objectives, it therefore becomes necessary to have a set of
measures that control their ‘real’ application with greater
precision.

This individual proposal for each of the practices will help
the relationships between the APPs, the non-financial
indicators and financial performance to be disaggregated and
better understood. It will be possible to know in detail what
elements are having a direct influence on the financial results
of the plants and the company as a whole.
B. Non-financial indicators
Non-financial performance indicators are very valuable in
production as they enable factors to be measured at a level of
detail which financial indicators cannot achieve [6]. They
therefore complement financial indicators well as studying
them enables a firm’s economic results to be better
understood. Their prospective nature also facilitates decisionmaking [8].
However, choosing the right performance indicators is also
one of the biggest challenges that companies face as they play
a key role in the development of plant strategy by enabling the
achievement of the organisational objectives to be evaluated
and managers’ financial compensation to be set [6].
Non-financial indicators are those that are directly linked
with evaluating correct or incorrect APP implementation and
the results of their application, as well as the results of their
application
Non-financial indicators are referred to statistically as
“observed variables”, which are sometimes measured using the
quantitative data stated in the different measurement units,
such as hours/finished product, amount of waste, etc.
We found a total of 114 of these in our research. Some of
the non-financial indicators found in the literature are given in
Figure 1 using the same criterion as was used for APP
application indicators. They were classified into two groups:
(1) indicators common to all APPs, and (2) indicators for each
separate APP.
TQM

TPM

Inventory levels/finished goods (1)
Inventory turnover (1)
Customer retention rate (8)
Lead-time (1)
Introduction rate of new products
(2)
Sales volume (3)
Manufacturing cycle efficiency (3)

Bottleneck (1)
Delivery lead time of finished
product (2)
Inventory raw material (1)
Lot-size reduction (1)
Production volume flexibility
(1)
Setup time (2)

Lot-size reduction (1)
Delivery lead time of finished
product (3)
Waste (5)
Number employed (4)
Equipment downtime (1).
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L a b o r P r o d u c tiv ity
Employee
R e w o rkturnover
E m p lo y e e d T u rn o v e r

Inventory raw material (13)
Customer retention rate (1)
Lead time (1)
Lot-size reduction (1)
Delivery lead time of finished
product (3)

Bottleneck (2)
Customer retention rate (1)
Equipment downtime (4)
Equipment utilisation (4)
Manufacturing cycle efficiency (5)
Production volume flexibility (2)
Introduction rate of new products (4)
Sales volume (3)
Setup time (5)

Number employed (3)
Equipment utilisation (3)
Equipment downtime (1)
Waste (1)
Production volume flexibility (4)
Bottleneck (2)
Setup time (4)

JIT
Figure 1. Non-financial indicators used for APPs

TABLE I:
INDICATORS USED IN THE LITERATURE TO EVALUATE APPS
APPLICATION.
APP application indicators

TQM

JIT

TPM

LM

Total

5
12
3
2
2
3
5
1
3
1
3
3
2
3

2
2
1
1
1
1
1
2
1
1
1
1
1
1

3
6
1
3
6
1
3
2
1
2
2
3
1
1

29
29
17
15
12
12
11
6
8
9
8
11
11
11

8
4

31
21
13
10
9
9
8
6
6
6
6
6
5
5

GROUP 1
Continuous improvement
19
Training/ Cross-functional training
9
Committed leadership
12
Customer involvement
9
Job security/ safety
3
Information and feedback
7
Vendor performance-product quality
2
Autonomous and planned maintenance
1
Quality of product conformance
3
Employed empowerment
5
Vendor performance On-time delivery
2
Reengineering production process
4
Management Process
7
Cross-functional product design
6
GROUP 2
Customer satisfaction
18
Pull System/ Kanban
Employee Involvement
8
Focused-factory production Systems
Cellular manufacturing
3
Communications
7
Process strategic planning
6
Shop-floor involvement
1
Technology emphasis
Process type layout/ equipment layout
Responsiveness to customer
3
Overall maintenance
Agile manufacturing strategic
Product mix flexibility/ product variety
GROUP 3
Employee satisfaction
9
Rewards and recognition
9
Product and service quality performance
7
Development of new products
Schedule adherence
Design characteristics
Productive Maintenance
Materials flow

5
13
3
8
2
1

4
2
1

1
3
4
3
1
2
2
3

1
1
3
1
1

1
4
1
1
2
1
2
2
1
2
1
3

1
1

7
6
4
2
3

1
1
1
3
2

12
10
8
8
7
5
5
5

GROUP 4
Benchmarking.
Quality improvement –process and
product
Labour flexibility
Statistical quality process
Customer focus
Training of quality
Quality improvement/ quality
Methods problems-solving
Awards
Quality levels
JIT purchasing/ improved purchasing
function

8

8
10

10
7
8
7
14
6
5
5
5
5

7
8
7
14
6
5
5
5
5

An initial classification was made by APP. This
classification is important because it helps to establish the
closer relationships between the NFIs and the FIs for each
APP.
In this case, due to time constraints no analysis of the
scales used or of the mathematical expressions used to find
coincidences between the indicators was attempted. It might
occur that some non-financial indicators are expressed
‘literally’ in a different way and are measured using the same
scale. The opposite is also true; different scales could be used
for the same indicator.
C. Financial indicators
Meanwhile, 103 financial indicators were found to have
been used to assess the previously selected APPs: TQM, TPM,
JIT/LM.
Bearing in mind the wide dispersion found in the literature,
we opted for proposing indicators to analyse the financial
performance of APP implementation based on two main
criteria. Firstly, that these should be indicators of a general
nature, i.e., that have been used to assess at least two of the
APPs considered. Secondly, they must be financial indicators
that have been used in at least 10 of the articles analysed
(which means over 10% of these). This would show that they
enjoy an appreciable consensus with respect to the financial
assessment of APP implementation.
When these selection criteria were applied, the following
indicators were obtained:
ROA (Return on Assets) (36%),
Manufacturing Cost, (24%)
Market Share, (19%)
ROS (Returns on Sales) (18%),
Profit, (17%)
ROE (Return on Equity) (12%),
Labour Productivity, (10%)
Inventory Turnover (10%)
Total Assets. (10%)
Given the economic-financial characteristics, the selected
indicators are perfectly applicable in studies in which the unit
of analysis is the company, whether single-plant or multi-plant.
However, an additional consideration has to be made in
other empirical studies where the unit of analysis is the
manufacturing plant (Figure 2). The above-selected indicators
could also be used in these plants in two specific cases: a)
when the companies in question posses only one plant (singleor mono-plant companies); and b) when, even though the plant
in question belongs to a multi-plant company, it is a Profit
Centre in nature, as in both these cases the sales magnitude
and, therefore, the result and the performances calculated on
this basis, make complete sense.
However, when the plants are Cost Centres belonging to a
multi-plant company, a different proposal will need to be
made. This is due to the nature of its accounting where sales
cannot be talked of, exactly, but of internally valued transfers.
Consequently, the figure for the result and the performances
that can be calculated are not strictly comparable with the

other plant group. Therefore, of the proposed indicators, the
only ones that would be directly applicable are Manufacturing
Cost and Total Assets. The remaining indicators: ROA*,
ROS*, Profit*, Labour Productivity*, and Inventory
Turnover* require a different type of calculation (which is why
their analysis has been marked with an *) as in this type of
plant, dealing in one’s own property, Net Sales do not exist
since the plant itself cannot set sales prices as they are imposed
by the parent company (headquarters). We therefore propose
that Sales Value of Production be used instead for the
corresponding calculations. The calculation of ROE and
Market Share does not make sense in this type of plant.

Single-plant
companies

Unit of
analysis

Financial
Indicators

Investment Center

Multi-plant
companies

Profit Center

Cost Center Plants

Plants

ROA
Manufacturing Cost
Market Share
ROS
Profit
ROE
Labor Productivity.
Inventory Turnover
Total Assets

Manufacturing Cost
Total Assets
ROA*
ROS*
Profit*
Labor Productivity*
Inventory Turnover*

Figure 2: Financial Performance Indicators for the different units of
analysis [9].

V. FINAL CONSIDERATIONS AND FURTHER RESEARCH
Manufacturing plants are often taken as the unit of analysis
for studies in the industrial field. This is why operational
indicators have mainly been used for performance
measurement in this context [5]. For the same reason, the use
of financial indicators to measure performance is either not
found or only to a limited extent. However, in our opinion, it is
possible for them to be more widely used, although in certain
cases they might have to be adapted. There is, therefore, a gap
between operational performance measurement, where nonfinancial indicators predominate, and company performance as
a whole.
In order to remedy what we believe is a shortcoming that
can be remedied, we have embarked on a line of research in
the field within the framework of the International High
Performance Manufacturing Project. The first objective of our
research is to propose a model of both financial and nonfinancial indicators for measuring performance in industrial
plants based on information in the specialised literature.
The findings of the study so far are presented in this paper
and show that there are large numbers of publications that
evaluate APP implementation, as well as a large number and

wide variety of performance indicators in general terms. The
variety of constructs and scales found is even greater for APP
application and non-financial indicators than for financial
indicators, which makes the right choice of the former for each
of the APPs analysed an even more complex affair. The added
difficulty regarding financial indicators comes from their
having to be adapted to the nature of the unit of analysis, the
manufacturing plant. Despite this complex context we have
been able to propose financial indicators for the measurement
of manufacturing plant performance that takes into account the
nature of the plant’s accounting. We have also prepared an
initial classification of APP application and non-financial
indicators. Despite all these difficulties, we have also proposed
a model of relationships which, when tested statistically, will
show the impact of APP application on both non-financial and
financial indicators at the manufacturing plant and also the
overall company levels.
Even in this complex context we have been able to prepare
a proposal for financial indicators to measure the performance
of manufacturing plants which takes into account the nature of
the accounting at the plants. We have also completed an initial
classification of non-financial indicators.
In our opinion the study done, which considers APP
application indicators and non-financial and financial
indicators at the plant level, while taking into account the
specific characteristics of the different units of analysis, is a
significant advance for providing more precise information on
APP implementation performance. This is especially important
in the case of financial performance, which has to date not
been sufficiently considered in empirical studies that have the
production plant as their unit of analysis.
Due to a lack of time we have not been able to finish the
proposal for non-financial indicators and have arrived at an
initial classification without having been able to look at each in
detail or study the scales themselves. Perfecting the analysis of
the non-financial indicators and arriving at a consistent
proposal in this respect is still a matter of ongoing research. In
future research we shall likewise examine the effect of their
combined use with the proposed financial indicators in greater
depth for two reasons: on the one hand, because of the
acknowledged importance of non-financial indicators for
measuring the performance of plants that use APPs as a
competitive weapon, and on the other hand, because the joint
use of the two indicator types would enable us to obtain fuller
and more precise information about APP implementation and
to analyse any effect that the use of non-financial indicators
might have on financial performance. Even though it is beyond
the scope of this study, when it is presented at the Conference
we expect to present at least a preliminary model that relates
the APPs analysed with the various types of indicators, both
non-financial and financial (adapted to the characteristics of
the plants).
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