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ABSTRACT
This research brings the historical and current scenario of UK productivity at one
place. First major achievement of this is reflected in the form of different types of
productivity data for last 25 years and its comparison. Second achievement is the
study of last 25 years news articles and its findings. All the root causes reported
from the external perspective of the organisation are found and a summary is
presented. These two works comprise the study of history.
To know the current view, an online survey was conducted and the responses on
different productivity dimensions are reported. At the same time face to face
interview with five different industrial experts were also done. The current view
mainly focuses on the internal perspective of the organisation. The research tried
to find the relation between external and internal perception of the root causes.
This research also recognised the changing nature of manufacturing in 21st
century. To know this, two new metrics with the framework are proposed. The first
metrics is the total manufacturing productivity which calculates productivity of the
whole value chain that is the pre-production (such as R & D) and post production
(such as service). The second proposed metrics tries to find how manufacturing
contributes to the well-being of people and society within a country, called
manufacturing well-being profile.
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1 Introduction
1.1

Context

UK Manufacturing is rebuilding and sustaining the growth will depend on the
productivity of the sector. The Office for National Statistics regularly publishes facts
about UK productivity. There are contradictory views on the state of UK
manufacturing productivity. There is a lack of objective research to understand the
root causes for the decline and major challenges in improving our manufacturing
productivity. This year’s National Manufacturing Debate on the 21st of May will also
focus on this theme. This is a major national issue and has to be understood based
on facts and structured views from industry.
This study will analyse public and commercial data and engage with a large number
of UK manufacturing companies, trade unions and trade journalists to understand
the patterns within the national data, root causes for the productivity decline, and
develop recommendations to improve the productivity.
The group members have been chosen based on their background study, current
MSc subject and prior work experience, which is believed, will help them in
understanding the concept of this project. The research of finding the causes of poor
UK manufacturing productivity will help in analysing and finding the shortcomings in
other organisational areas and processes as well.
The project will apply data analysis techniques to study historical information and
survey and face to face interviews to understand current perspectives and UK
manufacturing productivity.
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1.2

Sponsor: ERA Foundation

The ERA Foundation contributes to the economic vitality of the UK by supporting
activities that help bridge the gap between research and commercialisation in
engineering.
Alongside its commercial activities, the Foundation provides charitable donations to
trusts and professional bodies promoting the importance of UK engineering and
supporting young engineers at formative stages of their careers. It sponsors several
prizes which encourage entrepreneurship and industrial excellence; It also sponsors
and help organise lectures and conferences, and produces reports based on
independent analysis, making the case for the critical role engineering and
productive industry play in the nation’s future economic health.
 Invests in the early stages of start-up and young technology companies in the
UK.
 Raises the profile of UK engineering and supports young people at formative
stages of their careers.
 Promotes within government, industry and academia the importance of
engineering and productive industry.

1.3

Confusion and conflict

There are multiple sources of data about UK manufacturing productivity. Each one of
them uses a slightly different basis and sometimes the duration of the data is also
different. This often creates ambiguity in observations about sector performance and
productivity. To resolve confusion about productivity trends in the sector in the UK,
how these compare to global competitors and what can be done to improve
productivity. This year’s “National Manufacturing Debate (NMD)” will explore
patterns in the last 25 years of UK manufacturing productivity data as well as last 25
years news article analysis. This will allow delegates through recent research before
allowing them to bat questions back and forth with a panel of experts from industry
and supporting stakeholder groups.
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2 Project Aim
To identify patterns within the historical UK Manufacturing Productivity data and
identify the root causes for the productivity variation.

2.1


Objective

To define manufacturing productivity for different types of manufacturing
companies, e.g. mass production, design based, one off product based,
service based, etc.



To collect UK Manufacturing Productivity Data for last 25 years and identify
patterns using a number of data mining techniques.



To recommend approaches to improve the productivity.



To perform productivity root cause analysis across multiple manufacturing
companies.

2.2

Research methodology

This section concerns a structured approach and methodology for collecting and
analysing the 25 years productivity data and for finding the root causes of
productivity decline. In order to achieve the deliverables and to fulfil the project
requirements, the methodology will include the following tasks:
1. Extensive review of literature to define the productivity, the purpose of
measuring productivity and the different measures which exist for its
measurement.
2. Collecting 25 years of historical data of productivity from authenticate sources.
3. Analysing the data by using different data mining techniques.
4. Analysis of last 25 years news articles
5. Consider the factors which can cause ambiguities in a straight interpretation
of productivity estimates: for example the impact of out-sourcing support
functions, and the impact of shrinkage of a sector such that the least
productive disappear first resulting in the “batting average” anomaly (namely
the average productivity of the sector goes up but the sector is the poorer for
being smaller).
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6. Develop a list of questions and semi-structured questionnaires and submit
them to the selected companies.
7. Identifying and contacting the stakeholders that would be of relevance to the
study, who might also be interested in this area.
8. Arrange meetings and face-to-face interviews with as many companies as
possible in order to analyse:
a. Current practice
b. Needs for improvement
c. Improvements identification
9. Analysing the collected data.
10. Comparing the collected data.
11. Proposing the following:
a. Publications (conference paper and journal paper)
b. Deliverables for Cranfield University (report, poster, dissemination
event)
Receiving final feedback and preparing the final document, reporting on all the
deliverables.
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3 Literature review
The research started with the puzzle of productivity. It is well acknowledged that
productivity is the key of economic growth, but there were many news articles
reported the UK productivity was declining while some places said it was recovering.
To figure out the fact, and identify how manufacturing performance in term of
productivity, this research studied the definitions of different kinds of productivity.
The research tried to understand how it works for the whole economy level and for
the industry level. Furthermore, the research tried to find how different output and
input combines together to form different types of productivity, to know the pros and
cons of different types of productivity papers and reports published were studied.

3.1

Metrics for productivity

Figure 3.1-1 uses these criteria to enumerate the main productivity measures. The
list is incomplete insofar as single productivity measures can also be defined over
intermediate inputs and labour-capital multifactor productivity can, in principle, be
evaluated on the basis of gross output. However, in the interest of simplicity, Table 1
was restricted to the most frequently used productivity measures. These are
measures of labour and capital productivity, and multifactor productivity measures
(MFP), either in the form of capital-labour MFP, based on a value-added concept of
output, or in the form of capital-labour-energy-materials-service MFP (KLEMS),
based on a concept of gross output. Among those measures, value-added based
labour productivity is the single most frequently computed productivity statistic,
followed by capital-labour MFP and KLEMS MFP (O'Mahony and Timmer, 2009).

Figure 3.1-1 Overview of main productivity measures (Schreyer, 2001)
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Labour Productivity Gross Output

Labour Productivity Value Added

Capital Productivity

Labour-capital value added productivity

Quantity index of combined labour and capital input = Quantity index of (different
types of) labour and capital, each weighted with its current-price share in total value
added. The growth of (gross) value added is accounted for by the growth of labour
and capital.
KLEMS Multi factor Productivity

Total factor productivity (TFP) and multifactor productivity (MFP):
The total factor productivity/multifactor productivity of a firm, industry or group of
industries is defined as the real output produced by the firm or industry over a period
of time divided by the real input used by the same set of production units over the
same time period. However, it turns out to be difficult to provide a meaningful
definition of real output or real input due to the heterogeneity of outputs produced
6

and inputs utilized by a typical production unit. On the other hand, it is possible to
provide meaningful definitions of output growth and input growth between any two
time periods using index number theory. Thus total factor productivity / multifactor
productivity growth of a production unit over two time periods can be meaningfully
defined as an output quantity index divided by an input quantity index where the
quantity indexes utilize the output and input price and quantity data that pertain to
the production unit for the two periods. This index number approach to the
measurement of total factor productivity growth was perhaps first systematically
explained by (Jorgenson and Griliches, 1967).
The calculation of total factor productivity (TFP) growth is as follows:
(

)

(

)

Equation 3.1-1 Calculation of TFP growth (OECD 2004)
: Total factor productivity in period t
: Output in period t
: Input in period t
Critical Analysis of different types of productivity

1

Types of
productivity
Labour
productivity
(based on
gross output)

Purpose

Strengths

Weaknesses

It traces the
labour
requirements per
unit of (physical)
output. It reflects
the change in the
input coefficient of
labour by industry
and can help in
the analysis of
labour
requirements by
industry.

Ease of
measurement and
readability. In
particular, it
requires only
prices indices on
gross output, not
on intermediate
inputs as is the
case for the valueadded based
measure.

It is a partial
productivity measure
and reflects the joint
influence of a host of
factors. It is easily
misinterpreted as
technical change or
as the productivity of
the individuals in the
labour force.
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2

Labour
productivity
(based on
value added)

4

Capital
productivity
(based on
value added)

6

Capitallabour MFP
(based on
value added)
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KLEMS
multifactor/
Total factor
productivity

Analysis of micromacro links, such
as the industry
contribution to
economy-wide
labour
productivity and
economic growth.
It forms a direct
link to a widely
used measure of
living standards,
income per
capita.
Changes in
capital
productivity
indicate the
extent to which
output growth can
be achieved with
lower welfare
costs in the form
of foregone
consumption.
Analysis of micromacro links, such
as the industry
contribution to
economy-wide
MFP growth and
living standards,
analysis of
structural change.

Analysis of
industry-level and
sectorial technical
change.

Ease of
measurement and
readability.

It is a partial
productivity measure
and reflects the joint
influence of a host of
factors. It also can
easily misinterpreted
as technical change
or as the productivity
of the individuals in
the labour force.

Ease of readability. It is a partial
productivity measure
and reflects the joint
influence of a host of
factors. There is
sometimes confusion
between rates of
return on capital and
capital productivity.

Ease of
aggregation across
industries, simple
conceptual link of
industry-level MFP
and aggregate
MFP growth. Data
directly available
from national
accounts.

Not a good measure
of technology shifts
at the industry or firm
level. When based
on value added that
has been doubledeflated with a fixed
weight Laspeyres
quantity index, the
measure suffers from
the conceptual and
empirical drawbacks
of this concept.
KLEMS-MFP is the Significant data
most appropriate
requirements, in
tool to measure
particular timely
technical change
availability of inputby industry as the
output tables that are
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role of
intermediate inputs
in production is
fully
acknowledged;
“Domar”
aggregation of
KLEMS-MFP
across industries
provides an
accurate picture of
the contributions of
industries to
aggregate MFP
change.

consistent with
national accounts;
Inter-industry links
and aggregation
across industries
more difficult to
communicate than in
the case of valueadded based MFP
measures.

Table 3.1-1 Analysis of different types of productivity

3.2

Productivity measuring challenges

Output measuring issues
In general, for the calculation of productivity, output is measured in three terms. It
depends upon the production or the demand pattern of the product. If the demand
and production of a product is homogenous then the number of items produced is
considered while calculating productivity. But in reality it does not happen and the
output is non homogenous and output calculation in actual numbers is not always
beneficial(Diewert, 2000). Therefore output is calculated in terms of value added
during a period. The calculation of value added works at the company level, whereas
at the national or country level it is measured in terms of Gross Domestic
Product(GDP). The calculation of GDP is also some implications e.g. whether it is
measured in terms of current price or constant price. If the GDP is calculated in
terms of current price then it is very difficult to compare it with other economies of the
world because it does not consider inflation. It is better to calculate the Constant
Price GDP at the country level.
As discussed the calculation of all types of output has its implication and it is not as
straight forward as it seems. In terms of value added all the intermediate
consumption is to be removed, and it is difficult to calculate it. Some of the examples
of intermediate consumptions are outsourcing, R&D expenditure and services. While
9

calculating the output in terms of GDP it requires calculation of all types of
subsidiaries and taxes levied on the product. Once all these are calculated then it
becomes aggregation problem.
Input measuring issue
Compared with ouput, the input measuring issues are more complex and require all
types of input involved in the production process. The major inputs used in any
production process are defined below.
Labour and capital input measuring issues
Due to flexibility in labour, companies employs both full time and part time worker.
Excess of any one is not favourable to the business and both these have their pros
and cons. The human capital theory predicts part-time workers to be less productive
than full-time workers because they face a lower return on their human capital
investments. Research on the part-time pay penalty suggests that this is indeed the
case (KÜNN-NELEN et al., 2013). On the other hand, some studies on part-time
labour demand suggest that part time employment might be beneficial at the firm
level when, for example, operating hours exceed the full-time working week or when
firms face fluctuations in customer demand during the day or working week (Delsen
and Smits, 2010). Studies dealing with the effect of part-time employment on hourly
wages found that part-time workers earn less than full-time workers in the hours they
work (Ilmakunnas and Ilmakunnas, 2010). It means that a balance of both full time
and part time worker may be used in the production process so that demand can be
met and at the same time cost may also be reduced and hence the productivity may
be in balance.
The inefficient-capital theory suggests that diversified firms have a tendency to
misallocate capital among divisions, perhaps by subsidizing unproductive segments
with cash flows from productive segments. For example,(Mitton, 2002) propose a
theory in which less productive divisions of a diversified firm are subsidized by more
productive divisions because of rent-seeking behaviour on the part of division
managers.(Rajan et al., 2000) present a model in which cross subsidization is a
more severe problem in firms that have greater diversity in resources and
opportunities across divisions.
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Intermediate Inputs
Information on all the intermediate inputs utilised by the production unit is required
for each time period in the sample along with the average price paid for each of the
inputs. In practice, period by period information on costs paid by the industry for a list
of intermediate input categories is required along with either an intermediate input
quantity index or a price index for each category (Diewert, 2000). The major classes
of intermediate inputs at the industry level are:


Materials



Business services



Leased capital



Outsourcing

3.3

Study of Production function

In economics, the Cobb-Douglas functional form of production functions is widely
used to represent the relationship between inputs and output. It was proposed by
Knut Wicksell (1851 - 1926), and tested against statistical evidence by Charles Cobb
and Paul Douglas in 1928.
In 1928 Charles Cobb and Paul Douglas published a study in which they modelled
the growth of the American economy during the period 1899 - 1922. In this model the
output depends upon labour input and capital input. The other input involved in the
output, which affects the economic performance were ignored, but still the results
obtained were accurate and this is the only reason for the existence of it.

Figure 3.3-1 A two-input Cobb-Douglas Production function

The production function used is defined as
Y (L, K) = bLαKβ
Equation 3.3-1 Production function

Where:
• Y = total output or production (goods produced in the year)
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• L = labour input (the labour hour used for production)
• K = capital input (it includes plant and machinery and other capital input)
• b = total factor productivity (it is defined as the increase in output that is not due
to an increase in the direct inputs used to produce goods and services (i.e.
labour, physical capital and intermediate inputs). Rather, it is the more efficient
use of these inputs)
• α and β are the output elasticity of labour and capital, respectively. The value of
these depends on the technology.
Output elasticity tells the changes once the labour or capital input gets changed. For
example, if α = 0.15, a 1% increase in labour would result in approximately a 0.15%
increase in output. Further, if α + β = 1, the production function has constant returns
to scale. That is, if labour (L) and capital (K) both are each increased by 10%, then
output (Y) increases by 10%. But if α + β < 1, then the return to scale is decreasing
whereas if α + β > 1, then the return to scale is increasing. It means that return to
scale shows the behaviour of output as changes in input is made.
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4 Analysis of History
4.1

Data collection methodology

Data were collected from different sources to analyse the history of UK and G7
country's productivity and also for BRIC and MIST countries. The research finds the
data related to labour productivity, capital productivity, multifactor productivity, gross
value added, total factor productivity growth and also its segregation by industry
sectors. Data related to investment, R&D expenditure and education were also
collected. Some data was available publicly and it was downloaded directly from the
website whereas the rest of the data were collected by contacting the respective
organisations and also from various reports and papers. Data was collected from
these sources:
 Office of National Statistics (ONS): data related to the total economy in terms
of GDP as an index
 Conference Board: maintains data for international comparison of labour
which includes productivity as well as unit labour cost
 Organisation for Economic Co-operation and Development (OECD): data for
different types of productivity specially as growth
 European Commission, Research Directorate General (EUKLEMS): data for
total factor productivity
 International Monetary Fund (IMF): data for different economic indicator are
available; total investment
 World Bank: data for manufacturing value added
 Higher Education Statistics Agency (HESA): data from the area of achieving
qualification by the UK citizens
Once the data collection was over, the research analysed the data by using different
techniques. The most important are:
First the collected data were arranged and filtered so that irrelevant data was
removed. Second the relevant data was arranged in required format and different
charts and graphs were prepared to find the trend. Dynamic charts (using the google
motion chart tool) were also used to find the pattern.
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In last 25 years there were two recessions, first one in 1990 and second one in 2008.
The data were analysed to discover the similarities and differences between these
two recessions.
The data were plotted in time series to know how over the years it has changed. For
example, what was the contribution manufacturing was making 25 years back and
what is the contribution now.
Wherever data in terms of growth were analysed, it was also compared with the
annual average growth of the time series. Similarly for the UK, it was also compared
with G7, BRIC and MIST countries average.
4.2 UK productivity data and its comparative study with other G7

countries
According to (Figure 4.2-1), the trend shows the growth of different types of
productivity for UK. The two dotted lines show the recession of 1990 and 2008.
During the recession the growth was negative and after that it started increasing. But
after the 2008 recession the growth became positive only for a slight duration and
again started declining. This trend is not obvious as that of 1990, in 1990 once the
growth becomes positive it was only a slight variation in growth not like that of 2008.
Comparison of ifferent UK manufacturing productivity
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Figure 4.2-1 Comparison of different UK manufacturing productivity
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Figure 4.2-2 shows the trend of growth of GDP per capita. The growth was highest in
the year 1997 and after that it started declining. During the recession of 1990 and
2008 the growth was negative and later it achieved its previous growth. In 2010 the
growth was 1.4%, whereas the annual average growth during the period (1985-2010)
was 2.18%.
UK GDP per capita growth
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Figure 4.2-2 UK GDP per capita growth

Current price GDP per hour (Figure 4.2-3) in the UK was 16 percentage points below
the average for the rest of the major industrialised economies in 2012, the widest
productivity gap since 1994. On an output per worker basis, UK productivity was 19
percentage points below the average for the rest of the G7 in 2012 (ONS release).
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Figure 4.2-3 Current price GDP per hour
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Current price GDP per hour and GDP per worker (Figure 4.2-3 and Figure 4.2-4 ) fell
in 2012 compared with 2011. By contrast, these measures both increased in 2012 on
average across the rest of the G7.
In 2012 UK output per hour was 2 percentage points below its level in the prerecession year of 2007, and 15 percentage points below the counter factual level
had productivity grown at its average rate before the recession (ONS release).
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Figure 4.2-4 Current price GDP per worker

This compares with a productivity gap in 2012 of around 5 percentage points for the
rest of the G7 (ONS release).
The trend of manufacturing value added (% of GDP) (Figure 4.2-5) shows that for all
the G7 countries from 1985 to 2012 it are declining. In the year 2012 it is lower than
USA, France, Germany and Italy. The average of the five mentioned countries in the
year 2012 is 15.2 whereas in the UK it is 10.1% (2012) of the total GDP and it is
much less than the average. It means that over a period of time the contribution of
manufacturing in GDP is decreasing for all the G7 countries, but as far as the UK is
concerned the condition is worse, because in the year 1985 manufacturing was
contributing 23% of the total GDP and even in the year 1994 it was approximately
20% but now it stands at measurably at only 10.1%. During 2012 Germany is at the
top in the list of the G7 countries and stood at 22.4%, followed by Japan, which
stood at 18.6 %( 2011) (Source World Bank Database).
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Figure 4.2-5 Manufacturing value added (% of GDP)

The trend of output per hour in manufacturing (Figure 4.2-6) and output per
employed person in manufacturing (Figure 4.2-7) shows the similar trend. In the
year 2012 the output per hour in manufacturing for UK is 129.7 and it is 23.6 points
less than the USA (index 2002 = 100). Whereas the average of G7 countries during
2012 is 127.9 which mean that the UK is 1.8 points above the average in the same
period. Whereas for output per employed person in manufacturing is 128.8 and it is
29.1 points less than the USA (index 2002 = 100). During the same period the
average of G7 countries is 126.9 which are 1.9 points less than UK. But the trend for
unit labour cost in manufacturing (Figure 4.2-8) is somewhat different; UK is lower to
Canada, France, Italy and Germany, whereas it is higher than the USA and Japan.
During 2012 it stood at 117.6 whereas the average of G7 countries is 135.2 it means
that unit labour costs in manufacturing is 17.6 points less than the G7 average.
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Figure 4.2-6 Output per hour in manufacturing (Indexes: 2002 = 100)

Output per employed person in manufacturing (Indexes: 2002 = 100)
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Figure 4.2-7 Output per employed person in manufacturing (Indexes: 2002 = 100)
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Figure 4.2-8 Unit labour costs in manufacturing, national currency basis (Indexes:
2002 = 100)

Multifactor productivity data (Figure 4.2-9) trend shows that during the period 1991 to
1994 the growth in the UK was higher than all other G7 countries. The same trend
appears in 2000 and 2005. In the last twenty five years the growth in the UK was
lowest during 2008-09 and even it was negative. In the year 2011 the growth of the
UK is only higher to Japan, whereas it is lower than all other G7 countries (OECD
statistics).
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Figure 4.2-9 Multifactor productivity growth
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In reference to Total Factor Productivity (Figure 4.2-10) for the time series 1985 to
2009, for the UK the overall average annual TFP growth is 0.5 percent whereas in
manufacturing it is 2.0 percent. UK TFP for manufacturing is above all the G7
countries except USA. The average annual growth of the USA is 2.2 percent,
whereas of the UK it is 2.0 percent. The average annual growth of the G7 for total
TFP is 0.3 percent and UK is above it. Similarly, the manufacturing TFP average
growth of G7 is 1.3 whereas in the UK it is 2.0 percent during the period.
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Figure 4.2-10 Comparison of total factor productivity

The trend of growth of total factor productivity for the whole economy and
manufacturing is shown in the figures below (Figure 4.2-11and Figure 4.2-12). During
the recession of 1990 and 2008 there was a decline in growth in all the G7 countries.
But during the 2008 recession the decline was the lowest in the UK among G7
countries. The manufacturing TFP started to increase in the following year for UK,
whereas in other G7 countries it still continues to fall. For whole economy TFP of UK
the growth is not started as that of manufacturing TFP, but still it is better than all
other G7 countries.
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Figure 4.2-11 Manufacturing total factor productivity growth
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Figure 4.2-12 Whole economy total factor productivity growth
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Source EUKLEMS

4.3

Comparative study of UK, G7, BRIC and MIST countries

The average manufacturing value added (Figure 4.3-1 and Figure 4.3-2 ) as % of
GDP, the UK is only 1.0 % less than the average of G7 countries, whereas it is less
than the average of BRIC and MIST countries. In terms of manufacturing value
added as % of GDP the average of BRIC and MIST countries are higher than the
average of G7 countries during the time series 1985-2010. At the individual level
among G7 Germany standing at the top, followed by Japan and UK at fourth
position. Among the BRIC countries, China is at number one with 33% and it is also
number one among the G7, BRIC and MIST countries. Among the MIST countries,
Korea is at number one with 27.7%.
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Figure 4.3-1 Average manufacturing value added % of GDP (1985-2010)
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Figure 4.3-2 Average manufacturing value added % of GDP (1985-2010)

Other data in the form of charts are available at “Appendix 10.1”

4.4

Press article study for last 25 years

To analyse the key issues reported in different news articles related to productivity,
news article for the last twenty five years were downloaded from the news archive
database using Factiva. All together, there were 320 articles were downloaded and
out of this 240 discussed about the root cause of lower productivity. The results of
this is included in the form of a percentage. The key findings are grouped in five
years block. The first major issue identified is skill and education. The skills here are
mainly related to the employee engaged at shop floor, whereas training and
education are at all levels. Skill and education include inadequate education and
training, lack of basic skills among adults, skills shortage, poor literacy and numeracy
skills, employees who need the training most are not getting it, vocational skills
shortage, low popularity of vocational training and education inefficiencies.
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The second issue identified is less Investment and it includes R&D, ICT, plant,
equipment and machinery and latest technology. The third issue is policy which has
sub grouping as external and Internal. All the decision taken within the company are
considered as internal policy matter, whereas the decision taken outside the purview
of the business by external agencies such as a Government are reported as external
policy. Some of the examples of external policies are capital market failures, overregulation, rising complexity of business regulations, higher business taxation and
less foreign direct investment.
The fourth issue identified is management and under this there are two sub grouping
exists, first one is the poor management and the second one is the poor managerial
skill. It includes inefficient practices, management

complacency, incompetence of

managers, low use of benchmarking and other methods, poor implementation of new
practices, senior managers see productivity as someone else´s problem and poor
leadership.
The fifth issue identified is the innovation and does not have any sub grouping.
Innovation can be in terms of product or process. Introducing a new product in the
market or adding some features in the product is a part of product innovation
whereas process innovation involves simplifying the process and finding an easy and
efficient way to do the work and remove non value added activities.
UK productivity root causes(news articles) 1986-2014
30.0

25.9

24.7

25.0
20.0
% 15.0
10.0

14.0
10.7

8.5
4.3

5.0

3.7

3.4

2.1

1.2

0.9

0.6

0.0

Root Cause

Figure 4.4-1 UK productivity root causes (news articles) 1986-2014
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Figure 4.4-2 and Figure 4.4-3 below shows the root causes reported during five year
blocks. The time blocks are 1985-1990, 1991-1995, 1996-2000, 2001-2005, 20062010 and 2011-2014. Out of six blocks investment is number one concern in four
blocks followed by skill and education.
UK productivity root cause five years block comparison top five only
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Figure 4.4-2 UK productivity root causes (news articles) 1986-2014
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Figure 4.4-3 UK productivity root causes (news articles) five years block (top five)
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Figure 4.4-4 shows the trend five years before and after the recession and the main
finding of both the recession is that after the recession Investment is the main
concern followed by skill and education? It means that before the recession happens
companies were not investing in their capital, R & D and other investment plans. It
shows that for a business to be competitive and produce at its best it requires both
the latest machines and at the same time skilled and educated manpower to use
these resources efficiently.
UK productivity root causes five years before and after recession
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Figure 4.4-4 UK productivity root causes five years before and after recession

Current Trend
To analyse the current trend (Figure 4.4-5) news articles between 2011 and
2014(Feb) are considered. The trend remains the same in the current period also.
Investment is cited as the main cause for lower productivity and it stood at 28.8%. It
is followed by skill and policy both are at 15.3%. Labour hoarding is at number four
with 11.9%, it means that less people have lost their job in the UK after the 2008
recession. This is also one of the reasons why employment has not reduced here.
Employment is at no five with 10.2%.

The above mentioned causes contribute

approximately 81%, whereas the rest of the 19% comprises of an inefficient public
sector, poor management, innovation and poor infrastructure.
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UK productivity root causes(news articles) 2011-2014
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Figure 4.4-5 UK productivity root causes (news articles) 2011-2014
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Figure 4.4-6 Fishbone diagrams of root causes over the year (New articles)

The detailed study of news article year wise is available at “Appendix 10.3”
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5 Current views on UK productivity
5.1

Online web survey

5.1.1 Formation of questionnaire
The project was started by the study of reports and handbooks to get broader
knowledge about the productivity. It was very helpful to go, especially through these
publications:


The future of manufacturing: a new era of opportunity and challenge for the
UK, Government office for science



Measuring Productivity OECD Manual: Measurement of Aggregate and
Industry-Level Productivity Growth



The ONS Productivity Handbook: A Statistical Overview and Guide

After the basic knowledge was gained, the concentration was mainly on the 25 year
data collection of productivity of G7, BRIC and MIST countries. At the same time it
was very important to find out main root causes, which are known about the UK
productivity from the external point of view. The analysis of articles from last 25
years was done to understand the UK productivity issues.
After the extensive analysis of data, root causes and trends, there were considered
also the objectives of the project and finalised the main questions for questionnaire.
Some of the articles pointed out, that the UK productivity is low due to family owned
businesses. They are not so aggressive about growth. That showed the importance
of including the questions about the type of business and growth. The question about
the growth was also created to help with understanding the relation between the
productivity and growth. There was included the question about different size of
companies, because it is important to understand the patterns of their dissimilarity.
The following questions about the root causes were designed to find out the main
issues of the UK productivity variation in the companies. The research also included
one question about the improvements to achieve the internal opinion of people from
the manufacturing environment.
The next question was designed according to the new manufacturing productivity
metrics to find out the opinion from internal point of view. The major productivity
measurements take “labour input” and “capital input”. The multifactor productivity or
total factor productivity measure intermediate factors. KLEMS multifactor productivity
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also measures “energy”, “material” and “service”. The nature of manufacturing is
changing, and the research is wondering which factors are most suitable for current
and future manufacturing. In the modern manufacturing value chain many value is
added in the activities before the production, such as for example “R&D”. Nowadays
manufacturing companies are considering putting “service” inside of their business
process, because much of their profit comes from the activities after the sale of the
products, through life service. It influenced us to set up the questions for the survey
to investigate whether the people’s view has changed from traditional productivity
measurement, and what elements they would like to consider putting in the new
manufacturing productivity metrics.
One question is designed to the social well-being contribution of manufacturing. It
has been recognised, that manufacturing not only contributes to the economy, but
also benefits the well-being for the people and society. After the study of different
kinds of definition of well-being, the result showed that not everyone has the same
understanding

of

well-being

terminology

and

it

delivers

confusion

into

communication. So the research proposed to use some more tangible objectives or
simple words which stand for different dimensions of well-being such as income,
employment, education and training, environment, health and safety.
Marketing strategy of survey
Once the survey was created, the next very important step was to involve as many
people from the industry as possible. Every single opinion was very valuable for the
research.
The marketing team at Cranfield helped us with the advertisement as a
representative of the Cranfield University. The questionnaire was sent to the
participants of the National Manufacturing Debate (NMD), who were part of this
event during recent years. It was also accessible on these social networks of the
University: Facebook, Twitter, LinkedIn and on the web page, which focuses on
NMD. Our sponsor, ERA Foundation was also asked to forward the survey across
the members. We personally advertised this questionnaire on twitter, Facebook and
in these groups on LinkedIn: Catapult, Change Management UK, Cranfield Connect,
Food & Drink Manufacturing UK, Institute of Operations Management, Manufacturing
UK, Manufacturing and Materials – Cranfield University, MOM – Manufacturing
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Operations Management, Manufacturing Professionals Alliance, Works Management
Group, Strategic Leaders in FMCG Manufacturing UK.

5.1.2 Survey result analysis
The web survey was online for one month. It was advertised on various forums by
Cranfield University. 146 manufacturing professionals participated in the survey. 80
% of the companies were registered in the UK. 66 % of respondents are from family
owned businesses. (Figure 5.1-1) shows the distribution of turnover, according to the
percentage of survey responses. All the sizes of manufacturing companies
responded to the survey.
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Figure 5.1-1 Annual turn over

(Figure 5.1-2) shows how productivity measurements are done in the companies.
The high amount of companies measures performance of teams and cost centres
and performance of teams and production cells.
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Measurement of the productivity in your company
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Figure 5.1-2 productivity methodology used

(Figure 5.1-3) shows growth target amount of the companies have growth target
between 5 - 10 %.
Growth Target set by different companies
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Figure 5.1-3 growth target
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The results of the survey also showed, that 80 % of respondents think that
productivity will help them to achieve the growth.
In the area of the productivity improvement, (Figure 5.1-4) points out that the
reduction of cost, improved the productivity in 24% of respondents companies.
How improved productivity helps to achieve growth
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Figure 5.1-4 productivity in achieving growth

Classification of the company size

Figure 5.1-5 segregation of companies

This survey had collected in total 99 responds, which contain the answer of the
question about the size. The question is analysed according to the number of
employees, working in the company. The distribution of four kinds of company is
represented below:
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Figure 5.1-6 % of company

The findings from survey analysis by company size:
1. Currently, UK manufacturing companies still tend to predominantly manually
powered production. In the comparison of the size of the companies, there
is visible upswing from micro to giant companies. The giant and large
companies are more predominantly automated.
Company predominantly automated or manually powered for
production.
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Figure 5.1-7 orientation of company
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2. The top three root causes of change in manufacturing productivity in the
companies are “competition in the sector”, “managerial skills”, and “working culture”.

Figure 5.1-8 root cause of variation in productivity

For the micro companies, “managerial skills” is the first priority root cause. For the
small and middle even giant companies, “competition in the sector” is their first
priority. For larger companies, “Ability to be responsive to fast changing market” is
also in line with “competition in the sector” and “managerial skills” as first priority.
3. For the UK manufacturing companies, the most popular activity for planning the
productivity improvement is “process improvement”, then “investment in training
and development” and “product simplification”.

Figure 5.1-9 plan for improving productivity
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For all the sizes of companies, “process improvement” has always been the first
priority. Small and middle companies take care more about “training and
development”, the large prefer “investment in automation”, and giants participate in
“investment in R&D” more.
4. Most of UK manufacturing companies want to “improve the process” for
productivity improvement, they also like to consider “investment in training and
development”, then “investment in automation”.

Figure 5.1-10 action for improving productivity

For large companies, they attach more importance for “enhancement in working
environment” than other sizes of companies.
5. For key elements of accounting the productivity, small and middle companies
consider “labour input” in the first priority; others take “capital input” as the first. All
companies also consider “research & development input” and “service input” as
important elements of productivity accounting.
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Figure 5.1-11 key elements to be accounted in productivity

6. Except the contribution to economic growth, manufacturing also is highly
recognised as lots of “job opportunities”. Manufacturing not only make “innovative
product” to improve the life experience and quality, but also provide a long term and
secure career path via “training and education in working environment”. From the
survey, people don’t think the wage in the manufacturing sector is higher than other
sectors.

Figure 5.1-12 manufacturing and well-being of society

For micro companies, they took most contribution for “innovative products”. For
small, middle, and large companies, “job opportunities” is the most contribution from
manufacturing. For the giant companies, they take the most advantage for “training
and education in working environment”.
Web survey questionnaire and results are available at “Appendix 10.2”
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5.2

Interview with selected companies

5.2.1 Interview methodology
As part of the understanding of the current view of the organisation on productivity a
structured questionnaire was prepared. The questionnaire was developed keeping in
mind the audience. As all the persons interviewed were attached to the company,
hence the research tried to find the internal perspective of the organisations. Four
companies site was visited to capture the current views of the organisations whereas
one interview was held at Cranfield University. The research tried to find views of
different sector; therefore all the five companies selected were producing different
products.
First company visited to know the view was fast moving consumer goods company
(FMCG) and the person interviewed was head of performance improvement. Second
company was an automotive company and the person interviewed was the director
of the unit. Third person interviewed is now in academia and he shares his
experience while heading railway infrastructure project. The fourth company visited
was a bio-medical device company and the person interviewed was production
manager of the unit. Last person interviewed was also an academician now and
have a vast experience of different kind of industry including aerospace. It shows
that to capture the current view of industry different sectors of companies as well as
persons working in different categories were interviewed.
For the capturing of interview except for one company the responses were recorded
and in the mean time during the interview only one person was engaged in
discussion at one time and two other persons were making note of it. After the
interview the research team analysed the notes prepared and also by listening the
recorded audio (wherever available) for the finalisation of the interview report. Once
all the individual reports of all the companies interviewed were prepared combined
analysis was done to find the results.

5.2.2 Interview result analysis
1) In response to question what kind of productivity do you measure in your
company, following responses were given by manufacturing companies.
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A Company
I. Plant and Equipment: Operation ratio, Pareto analysis of Andon root causes.
II. Labour: Yield improvement year on year, should improve by cost of inflation
every Year. Reduce fixed costs by variable Cost
III. Material: Reduce the stagnation of material everywhere in the system.
B Company measures OEE Consist of following factors.
 Batch product change.
 Mechanical Breakdown
 Electrical Breakdown
 No labour
 Plant maintenance cleaning.
 Quality Validation
 Tooling
 Waiting for materials.
 Pareto analysis of causes
C company measures Cost per Ton of the final product.
D Company
Output per person
Return on investment
2) In response to which factors affect the productivity most, following root
causes were suggested.
 Plant reliability.


Design for Manufacturing.



Multi utilisation of resources.



Process Design.



Right Environment.



Global strategy.



Quality of raw material and Component.



Leadership and management.



Automated Assembly.



Motivational factors of inside company – Mental things
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3) Causes of decrease in productivity
 Less investment in R&D and Automation


Unrealistic targets



More variety increases setup and waste in production line.



Poor Quality of component to be assembled increases rejection and



Process holdups.



Old Machines are slower.



Untrained and unaware staff and operators.

4) They plan to improve the productivity by


Training of employees on Lean, Multiskilling and Quality.



Labour yield improves by inflation



Managing labour less work: Less people. I.e. reduction in fixed cost of
labour.



Simplification of process by kaizen and eliminating waste.



Investment in R&D



Design for manufacturing



Working flexibly



Management



Become Agile to competitive.



Reducing the Variety of Products.



Improving Technology



Introduction of new products: Both people and process driven.



Set up Lean and new techniques.

5) Growth targets for next year


Some of them have targets around 5-15 %



5% growth in manufacturing environment will be great.



Few say that demand drives growth.

6) Productivity improvement help you in achieving the growth target.
In favour of Yes following statements were said.


Growth depends upon productivity.
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You can win more business if you are more productive.



Yes helps in increasing profits.

In favour of No following statements were made.


Demand drives the growth, productivity; allow accepting the growth
without investment.

7) New elements should we account for productivity measurement in the
21st century.
 Everything comes into the process.


Ability of raw material to convert into finish goods rather than just cost.



How Technology is helping to achieve productivity.



Reliability



Performance

Focus of companies is more about.


Leadership



Training



Agility



Flexibility



Efficiency
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6 Analysis
The historical analysis of data shows that the recovery of the UK productivity growth
after the second recession in 2008 was slower in comparison with other G7
countries. In the year 2011, the UK multifactor productivity growth was higher than
Japan, but lower than the rest of G7 countries.
Why is Britain struggling with lower productivity growth in comparison with
other G7 countries?
The research captured current views of root causes by these steps: the analysis of
articles (2011-2014), survey and interviews with companies. The article analysis
shows the issues in the area of productivity from the external perspective. It
summarizes the root causes of the productivity as a whole. The results from the
survey and interviews inform about the internal views of people working inside of the
companies in the area of manufacturing.
When the research compares the sequence of the root causes found by surveys,
interviews and articles, the result is interestingly different. Only the investment is part
of the top six root causes in each of these areas. The research of articles points out
the investment as a main root cause of the productivity decline in the UK. The survey
and interviews did not mark the area of investment as a first issue, but it is still one of
the top six issues, why the productivity in the UK is struggling.
The top root cause found by the survey is the competition in the sector. The
competition in the sector indicates that the manufacturing productivity influences the
competition in the sector a lot. The companies have to decrease the costs to meet
the lowest price on the market demanded by customers. That is why the
improvement of the productivity is very important for them to be able to compete with
others. When the findings and articles are compared, the competition is far away
behind the top six root causes. It is not seen as a main problem from the external
point of view.
According to the articles, the area of skills and education is the second root cause,
but in comparison with the survey, it is at the bottom of importance. Skills and
education contain everything around inefficient education of employees, skills
shortage among adults and low popularity of vocational training. On the one site the
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interviewed companies slightly mentioned the problems with untrained staff and
operators, but on the other site they confirmed that the training of the employees in
their company is very important to them and that they invest a high amount of money
in training of employees every year.
Managerial skills and ability to implement new practices are insufficient. Low
managerial skills are the second main root cause find by survey. People from the
internal environment of manufacturing companies see the managerial inefficiencies
as a one of the top issue why the productivity is growing slowly. From the point of
view of external people from articles, this area is not part of the top six root causes.
But it is important to take into consideration that it has position number seven.
The policy covers problems with restricted ability for companies to borrow money for
their investment, increased regulations and taxation. The analysis of articles found
out this area as the third most important root cause. It is not part of the top six root
causes find by the survey, but this area shows up afterwards on the rank number
seven.
Workplace culture is the basis of success. It is important that employees feel well in
the company. People who work for the company, but do not feel welcome there and
do not like the environment within the place will not give the company the best
contribution. The results of the survey show that this area as a root cause is the third
most important. From the external point of view, there is not any evidence about the
workplace culture problems.
The analysis of articles also showed us that there are issues as labour hoarding and
increase of employment. Labour hoarding means that companies are holding on
skilled and experienced workers in the period of recession. They want to be ready,
when the recession will be over and demand will increase again. The area of
employment as an issue shows, that company rather raises the employment than the
investment. These root causes were not found out from the internal environment of
manufacturing companies.
The ability to be responsive to fast changing market is the fourth root cause found by
the survey. For the people from manufacturing companies is this area very important
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as an influence of the productivity. This area is not taken as one of the root causes
from the external perspective.
The public sector is also one of the top six causes, which influences the productivity
found by articles´ analysis. It means that in the UK problem with diversion of
resources to the less productive public sector instead of private one.
Additional root causes from interviews are: unrealistic targets and process issues. It
is always essential for the company to set up realistic target, otherwise people will be
demotivated and the productivity will decrease. Also the flow of process is very
important. The companies have problems with the quality of components and the
variety. Both interrupt and slow down the flow of the process.
In the summary, it is very helpful when the research look at the root causes of
productivity variation from the both perspectives. When it is merged together the
main root causes of poor productivity for UK is emerging.
There are top 12 root causes of productivity decline:
1) Low level of investment (R&D, innovation, automation)
2) Competition in the sector
3) Poor skills and education
4) Low level of managerial skills
5) Policy
6) Workplace culture
7) Labour hoarding
8) Employment rather than investment
9) Ability to be responsive to fast changing market
10) Inefficient public sectors
11) Process issues
12) Unrealistic targets

Detailed analysis across different sizes of companies
According to the results from the survey, there were found the important areas for
improvement by the size of the company. There are these four groups of companies,
divided by number of employees: Micro (less than 10 employees), Small and Middle
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(10-250 employees), Large (251-1000 employees) and Giant (more than 1000
employees). Small and Middle, Large and Giant companies tend to be predominantly
manually powered for the production, so they still give bigger importance to the
manually power instead of automation.
In comparison, of the top four root causes of change in manufacturing productivity in
each type of the company, there are the same areas of the main issues in three first
groups of companies by the size. The main areas are: competition in the sector,
ability to be responsive to fast changing market, managerial skills and workplace
culture. Respondents from giant companies also highlighted the areas: competition
in the sector and workplace culture, but they also underlined the importance of
investment in R&D and innovation.
While looking at the main root causes, there is a large influence of the global
economy and of the fast changing market. If the companies want to stay on the
market, when there is such a big competition and attract more customers, it is
essential for them to increase the productivity, decrease the costs of the production
and be able to decrease prices of products and at the same time increase the
quality. It is also important to understand that everything is changing around very fast
and everyone needs to be able to stay informed and be able to learn from the
companies, which are doing better. The companies are also becoming more
international and not everyone is used to follow certain rules of workplace culture or
has never been in such an environment before. Than is essential to involve best
skilled managers to solve these problems.
This era of fast changing market is an incredible challenge for managers. They have
to stay well informed and educated all the time. They need to be able to understand
cultural differences, be able to implement new practices and it is not an easy task at
all in the same time when is everywhere, such a big competition and even the
smallest mistake can cause the downfall of the company.

47

7 New manufacturing productivity metrics development
7.1

Manufacturing Well-being profile

7.1.1 Proposal
During the last 2008 recession, people realized that manufacturing is more than just
economic activity, it contributes a long term well-being which more than a large
scope of employment and continual career development. Manufacturing has
changed the way of living. It impacts not only the economy, but also the life of human
and the environment. The research is trying to find the connection between
manufacturing and well-being, and put the facts in the form of profile, called
Manufacturing Well-Being profile. This profile is designed to involve people in the
discussion in the manufacturing industry, and how it matters to people should be
living.

7.1.2 Theoretical framework
Before constructing the Manufacturing Well-Being profile, the research studied the
OECD better life index, which compares well-being across countries based on 11
topics the OECD has identified as essential, in the areas of material living conditions
and quality of life. The research also studied the ONS national well-being
measurement which aims to provide a fuller picture of how society is doing by
supplementing existing economic, social and environmental measures. The
Manufacturing Well-Being profile selected the most well acknowledged elements
which matter current individual life and social well-being in a long term based on
above references. This profile removed some elements which do matter to the wellbeing but only could consider as whole national measure and cannot be
decomposed in industry level. As final, 8 elements were chosen to contribute to the
profile as: income, employment, education, occupational health, safety, environment,
work life balance, mental health. Furthermore, under the main structure, different
sub-elements were collected to reflect the topics. The framework of the
Manufacturing Well-Being Profile is as below:


Income: volume of individual income, income growth rate



Employment: number of jobs, gender inequality, number of vacancies



Education: highest qualification of employee, number of graduate employment,
salary of graduate
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Occupational health: work related ill-health



Safety: non-fatal injury rate, fatal injury rate



Environment: carbon monoxide emissions, acid rain precursor emissions, energy
intensity



Work life balance: weekly work hours, overtime pay



Mental health: work related mental ill-health, stress depression or anxiety

Figure 7.1-1 the framework of the Manufacturing Well-Being profile

7.1.3 Data Selection
The figures of this profile mainly come from the comparison between manufacturing
and other economic sector within the nation.
For the UK data, the main data source is the UK Office of National Statistics (ONS).
The ONS normally need a period of time to analysis current collected data and
publishes the result for example 1 year delay. The data used in this profile are most
current available.
For the US data, it has an issue being comparable with UK data. US is lack of some
individual level data or they haven’t published data categorized into different industry
levels, such as the US have education and environment data for the whole national
level or regional level but the statistics office hasn't published the data could
categorise by industry sectors. When comparing the US profile with the UK’s, for
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Education and Environment topics cannot match the same level of data, so it is not
fully comparable to these topics’ data. In mental health data by industry level, US
only maintained the data up to 1997.

7.1.4 Normalisation
The Profile gathers many indicators, expressed in very different units (headcounts,
pounds, years, etc.). To compare and aggregate values expressed in different units,
the values have to be normalised.
The original data have been analysed by the benchmarking mathematics, according
to a standard formula which converts the original values of the indicators into
numbers varying in a range between 0 (for the worst possible case) and 100 (for the
best possible case). The profile calculated the gap between the current best
practices in the whole economy and the comparison object. It shows the
performance of manufacturing comparing with all economy sectors. The formula is:

Equation 7.1-1 Normalisation formual

When an indicator measures a negative component of well-being (e.g. fatal injury
rate) the formula used is:
1Equation 7.1-2 Normalisation formula for nective

For example, in figure 1, financial and insurance sector got maximum annual
average income as £54578, households as employers got as minimum as £10220
and manufacturing sector got £30570. The financial sector has been defined as best
practice which marked 100, household employer as worst practice which marked 0,
so manufacturing is marked as 56 respectively.

Equation 7.1-3 Normalisation calculation
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Annual average income - Gross (£) - For all employee jobs: United Kingdom, 2013
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Figure 7.1-2 Annual average income (source: ONS)
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Figure 7.1-3 Annual average income indicator
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7.1.5 Weighting and aggregation
As the proposal of constructing a composite index, each sub-element should be
aggregated into a single index figure. During the aggregation, the relative importance
should be evaluated as the weight. Ideally, weights should reflect the contribution of
each indicator to the overall composite. Composite indices are however often
criticised by the detail of how to distribute the weights. Moreover the weights
assigned to the various well-being dimensions vary across countries and people.
The discussion of the weight is still going. The OECD better life index gives the equal
weighted sub-elements and let the users choose the weight as their own preference,
depends on their own understanding and experience. As the ONS national wellbeing measurement, they even haven’t intended to make composite indices, just
leave the figures of each topic as their own result and unit without a need for
weighting work.
Manufacturing Well-Being Profile, UK, 2014
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Figure 7.1-4 Manufacturing Well-being profile (un weighted) Note: Health* for
Occupational Health
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Manufacturing Well-Being Profile, UK vs US
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Figure 7.1-5 Manufacturing Well-being profile UK vs. US

Based on these references, for simplicity, the weight had been set as equal for all
topics (e.g. income, education). Each topic of manufacturing well-being is measured
by one to four indicators. Within each topic, indicators are averaged with equal
weights. These default weights do not represent the Cranfield’s view on the relative
importance of each topic. People should consider their own judgement for the weight
according to their preference. To define the common weight, a national level survey
should be launched, which limited by the scope of this project at this moment. But it
can be processed in the future.

Manufacturing Well-Being profile, UK, 2014
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Figure 7.1-6 Manufacturing Well-being profile (un weighted)
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Manufacturing Well-Being profile, UK vs US
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Figure 7.1-7 Manufacturing Well-being profile UK vs. US

7.1.6 Observation of UK Manufacturing Well-Being profile
In the general view of the UK Manufacturing Well-Being Profile, the performance of
manufacturing is better than average level comparing to all of the sectors in the
nation, especially in the mental health, work-life balance aspects took significant
advantage. Safety and Education aspect also better than average level, but still have
space to improve, such as the portion of the degree level workforce is less than
others and non-fatally injured rate is higher than average level. Income and
employment are acting around an average level. Income actually is over average
level, but with low growth rate. Similarly, manufacturing has a considerable number
of employees, but relatively less vacancies. Currently it is still not easy to satisfy the
performance for manufacturing in the Occupational Health and Environment aspects,
but if look at the historic trend, these two topics has improved dramatically.
Detail of data is available at “Appendix 10.4”
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7.2

Total Manufacturing Productivity

7.2.1 The changing nature of manufacturing
The new era of manufacturing not only considers production, but also the much
wider ‘value chain’. In the whole value chain more value is added before and after
the production process. The area of manufacturing becomes much broader; activities
may stretch from R&D at one end to recycling at the other.

Figure 7.2-1 The transition of manufacturing

Two particular developments have fuelled increases in complexity in recent decades:
R&D and Service, which have strong potential to bring sustainable growth and add
high value to modern industry and economics.
Correspondingly,

traditional

productivity

measurement

such

as

multifactor

productivity is insufficient to capture the transition of the activities before and after
production, and become difficult to be understood by the people who now work in the
manufacturing sector.
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7.2.2 New Metrics: Total Manufacturing Productivity
Based on the changing nature of manufacturing in the 21 st century and fundamental
logic to understand the productivity measurement in manufacturing activities,
following equations is proposed for measuring manufacturing productivity to fit with
the modern manufacturing model, and identify the activities in each part of
manufacturing.
𝑙

𝑣 𝑦
𝑙
𝑝

+

𝑝
𝑝

+

𝑠

𝑝

Equation 7.2-1 TMP concept

Figure 7.2-2 The initial framework of Total Manufacturing Profile

The metric can also be written as below:

𝑙

𝑣 𝑦
Equation 7.2-2 TMP formula

𝑂 𝑝
𝑅 𝑆

R, is the total input before production, main for R&D activities, include the share of
capital and labour and other inputs. P, is the total input for production, include the
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share of capital and labour and other inputs. S, is the total input after production,
main for Service activities, include the share of capital and labour and other inputs.
This metric is designed from the interpretation of manufacturing value chain. It could
be more effective to capture the transition of manufacturing, and easier to be
understood and implemented in the manufacturing sector. It is more suitable for
measuring the manufacturing productivity as bottom-up direction. Collecting new
data for this metric and how to analysis the historical data of this matrix are the main
challenges.

7.2.3 The benefit of Total Manufacturing Productivity
TMP is designed to capture the development of modern manufacturing. It would be
more suitable for the manufacturing companies which involved in the activities from
design to production to after-sale service. It not only can measure the productivity of
current manufacturing industry more effective, but also could be used in the next
decades in the future. As manufacturing becomes an increasing level of technology
intensive, especially for the UK industry. TMP is more efficient to analysis the impact
of technical change on the productivity as set the R&D as one of the main
components. Furthermore, as manufacturing becomes a mature industry, companies
begin to provide their service during whole product life. It could help the company
build a closer relationship with the customer as a better feedback from the market.
Manufacturing is becoming more like a service provider than a simple product
provider. This could become a main trend in the future, and TMP take it into account.
Another benefit for TMP is that, it makes the productivity measurement easier to be
understood, even for an engineer who rarely practiced in the economic field. As it is
interpreted according to the value chain and the business process of manufacturing,
it can be accepted and implemented by companies in manufacturing industry.

7.2.4 Implementation challenges for Total Manufacturing Productivity
The main challenge for implementing Total Manufacturing Productivity (TMP) is level
of data availability. Current existing databases (the researchers already searched
OECD, ONS, World Bank, Conference Board, EUKLEMS) have mainly maintained
the data for capital and labour aspects. But TMP requests the quality data for R&D or
service input, which are not well collected in the current database. The service
activities in manufacturing industry are expanding remarkable, but their inputs
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haven't been recorded efficiently. A range of R&D expenditure has been measured
recently and a part of that data can be used in TMP, but still not sufficient for TMP
calculation directly. As a result, it is a challenge for TMP calculation depending on
the current database.
To face with this challenge, data collection could be start now. New survey should
start from the companies which including the activities as R&D and service, it could
help in collecting the available data for new model of productivity. Decomposing
existing data to separate the input for pre or post production is necessary, but it has
the limitation of level of detail. The data collection also can start now from the
company level to industry level as the bottom up direction, so the data can include
enough detail information with higher quality. Attention should be paid as how to
distribute the R&D investment for one or a series of product or project, repeat
counting should be avoided.
The other significant challenge for TMP is that productivity will decrease compared to
current multifactor productivity. Because beyond the traditional labour and capital
inputs, more input for R&D and service have been added in the metric. Based on the
same value of output with more value of the input, mathematically, the final value of
TMP would be smaller. As the result, it is less comparable with current multifactor
productivity, but still valuable for comparing current TMP with the result in future. And
it is also valuable for comparing current TMP with the historic data if their detail could
be decomposed and analysis by the methodology of TMP.
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8 Recommendations and Conclusion
8.1

Recommendation

After analysing the root causes obtained from historical and current view, it is found
that for different sizes of companies it is not the same. It means that if the root
causes differs according to the size of the company then a common improvement
strategy will not solve the problem of all the companies. Therefore, this research is
proposing different improvement measures according to the segregation of the
companies such as micro (size less than 10), small and medium (10 to 250), large
(251 to 1000) and giant (more than 1000). It is also true that a company cannot
concentrate on too many improvements at the same time; hence the research is
recommending top five strategies here.
Micro companies (size less than 10):
 Investment in automation
 Investment in training and development
 Investment in ICT
 Investment in R & D
 Incentive scheme
Small and medium companies (between 10 and 250):
 Process improvement
 Investment in training and development
 Investment in automation
 Enhancement in working environment/ Culture
 Product simplification
Large companies (between 251 and 1000):
 Process improvement
 Enhancement in working environment/ Culture
 Investment in training and development
 Investment in automation
 Product simplification
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Giant companies (more than 1000):
 Investment in training and development
 Process improvement
 Product simplification
 Investment in automation
 Investment in R & D
All these recommendations are from the internal perspective of the companies, but in
reality the reason for lower productivity is also the external factor such as the
Government policies. It is evident from the news article that all the improvement is
not in control of the organisation and government also needs to take some action. It
is also found in the historical data about investment, R & D expenditure and
education that UK is lagging. Hence this research is also recommended what should
be done to improve productivity.
Recommendations for Government
 Ease in taxation (personal, corporate, business)
 Attract more foreign direct investment
 Ease in complexity of business regulations
 Control of capital market failures
 Ease of access to the capital market for small and mid-sized companies
General views of the recommendation found from web survey are process
improvement, enhancement in the working environment, investment in training,
automation and research & development to increase productivity. Some of the
factors cited by manufacturing professionals in the survey are adoption of lean and
six sigma practices and better client relationship. Interviews with manufacturing
professional also suggested some new factors like design for manufacturing, training
of employees on lean and multi Skilling, becoming agile to competitive, reducing the
variety of products, managing the supply chain and improving technology.
A detailed recommendation is available at “Appendix 10.5”
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8.2

Conclusion

In conclusion, it is clear that after analysing the history (25 years data and press
articles) and current state (online survey and face to face interview) there exists a
number of root causes due to which the productivity of the in terms of labour and
capital for the UK is lower as compared to other G7 countries, whereas with respect
to TFP annual average growth the performance is not so bad and it is only behind
the USA. At the same time it is also true that different types of organisation have
different problems and a single methodology cannot be applied to all the companies.
This is the reason, that the research tried to segregate root causes in different sizes
of companies and accordingly the improvement for each is suggested.
In continuation of finding root causes and suggesting improvement, the research
also tried to find the changing nature of manufacturing in the 21st century. Due to the
introduction of service the nature of manufacturing is changing. Now the organisation
tries to develop the products which are easily maintainable and repairable also, this
is one of the reasons why now a day the companies focuses on pre-production and
post-production activities also. To find impact of manufacturing in the development of
the nation, the research is also introducing two new metrics for manufacturing.
1. Manufacturing wellbeing profiles: The proposal is to find the manufacturing
contribution to the well-being of society and people, and put the facts in the
form of a profile, called Manufacturing Well-Being Profile.
2. Total manufacturing productivity: New era of manufacturing productivity
metrics should not only focus on production, but also should appreciate the
value added activities before the production (as R&D) and after production (as
service).
The proposed new metrics required a lot of work to be done in terms of data
collection and what else should be included in it. These proposed metrics open the
window for future researcher to study in depth and improve in future.
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10 APPENDICES
10.1

Details of collected data

10.1.1

Data related to productivity

The graph below (Figure_Apx 10.1-1) shows the annual average growth for the
period (1985-2009). The multifactor growth for the said period of UK is only slightly
lower to the USA, whereas it is higher in all other G7 countries excluding Japan. The
capital input growth for the UK during the period is at number four and it is only
higher to France. The labour input growth is highest in the UK during the period, but
gross value added growth is not very significant and it is only 0.32%, whereas in the
USA it is 4.60% which is at the top. The labour productivity growth during the period
is not so bad for the UK and it is slightly behind France, but the difference with USA
is significant and it is 1.16%.
Annual average comparison of productivity and input growth
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Figure_Apx 10.1-1 Annual average comparison of productivity and input growth
MFP_GRO: Multifactor productivity growth
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LAB_INP_GRO: Labour input growth
GVA_OP_GRO: Gross value added growth
LAB_PRO_GRO: labour productivity growth
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Figure_Apx 10.1-2 constant price GDP per hour worked for the UK and an
aggregated series for the rest of the G7; together with simple projections based on
average productivity growth over 1997-2007, that is, before the great recession. On
this basis, the combination of strong UK productivity growth up to 2007 and weak
productivity performance since 2007 implies a productivity gap of 15 percentage
points in 2012 and has been referred to as the 'productivity conundrum'. (ONS
release 2012).
Average productivity growth between 1997 and 2007 for the rest of the G7 was lower
than in the UK (around 1.9%, compared with 2.5% for the UK), and productivity
performance since 2007 has on average been somewhat stronger, implying a
smaller productivity gap of around 5 percentage points on the same basis. Same
trend also appears for constant price GDP per worker (Figure_Apx 10.1-3).
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Source ONS

Constant price GDP per worker
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Figure_Apx 10.1-3 Constant price GDP per worker

Figure_Apx 10.1-4 show the growth of labour productivity in different time slots
starting from 1985 and up to 2012. During the 1990-1995 periods the average
growth of UK was highest among G7 countries. But over the year it gradually
declines and during the period 2007-2009 it was lowest. In the period 2007-2009
there was a recession and the growth of all the G7 countries was negative, but the
performance of the UK was worst. During the period 2007-2012 and 2009-2012
labour productivity growth for all G7 countries are showing the increasing trend, but
still UK is maintaining its last position.

68

Labour productivity growth in total economy
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Figure_Apx 10.1-4 Labour productivity growth in total economy
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10.1.2

Data related to R & D, investment and education

The R & D expenditure (Figure_Apx 10.1-6) as percentage of GDP for UK in the year
2011 is above only to Italy and Canada, whereas it is below than that of all the other
G7 countries. During the period 1996-2011 the annual average R & D expenditure
of GDP is higher in Japan and stood at 3.15%, whereas in the UK it is only 1.78%
and it is only higher than Italy with 1.12%. It means that in the last fifteen years the
UK has spent very less on R & D as compared to any other G7 countries except
Italy. If

the annual average of all G7 countries during the same period is

considered, it stood at 2.15% and the performance of the UK is far below and stood
only at 1.78%.
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Figure_Apx 10.1-6 R & D expenditure % of GDP

In terms of Military expenditure (Figure_Apx 10.1-7) as % of central government
expenditure UK is at no 3. Among the G7 countries only Canada and USA are
ahead and all other G7 countries are below. But when the UK is compared with
USA only, then there is a huge difference exists. USA is spending 18.2%, whereas
the UK is spending only 5.6%. The same trend exists for the annual average for
the period 1995-2011, UK is at number 3. But due to huge expenditure of USA
approximately 18% the G7 average is around 7.3% and during the same period for
the UK it is only 6.4%. In other words the Military expenditure of the USA is far
ahead than that all other G7 countries.
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Figure_Apx 10.1-7 Military expenditure (% of central government expenditure)

The overall investment (Figure_Apx 10.1-8) which includes all types of investment
for example capital, R and D, Financial institution, infrastructure, ICT etc., the
performance of UK among the G7 countries is worst. Canada is at the top,
followed by Japan and France. In the year 2012 the average of G7 countries is
18.60%, whereas in the UK it is only 14.27% and the difference is 4.33%. In the
absolute terms the Canada is at the top with 24.46% and the difference for UK is
more than 10%.
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Figure_Apx 10.1-8 Investment (% of GDP)

For Total, based on 'harmonised' price indices for ICT capital goods (Figure_Apx
10.1-9) among the G7 countries the growth of UK is higher than all other
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countries. Basically from 1985 UK remains at the top for most of the year. It shows
that the companies in the UK are well aware of the use and benefits of ICT capital
and hence the growth investment is high.
Total, based on 'harmonised' price indices for ICT capital goods
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Figure_Apx 10.1-9 Total, based on 'harmonised' price indices for ICT capital goods

Figure_Apx 10.1-10 shows the trend of R & D personnel per thousand total
employments and UK is constantly maintaining the number fifth place among G7
countries excluding USA. In the recent time France is at number one followed by
Germany.
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Figure_Apx 10.1-10 Total R&D personnel per thousand total employments
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Qualifications obtained by full time and part time UK students
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Figure_Apx 10.1-11 Qualifications obtained by full time and part time UK students

Figure_Apx 10.1-11 shows the number of qualifications obtained by full time and part
time UK students in the period of years between 1999 and 2013.
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Figure_Apx 10.1-12 Qualifications obtained by full time and part time UK students
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Figure_Apx 10.1-12 shows the number of qualifications obtained by full time UK
students in the period of years between 1999 and 2013.

Qualifications obtained by part time UK students
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Figure_Apx 10.1-13 Qualifications obtained by part time UK
students

Figure_Apx 10.1-13 shows the number of qualifications obtained by part time UK
students in the period of years between 1999 and 2013.
Comparison of qualifications obtained by full time/part time UK
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Figure_Apx 10.1-14 Comparison of qualifications obtained by full time/part time UK
students
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Figure_Apx 10.1-14 shows the comparison of qualifications obtained by full time and
part time UK students in the period of years between 1999 and 2013.
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Figure_Apx 10.1-15 Manufacturing, amount of GDP (constant 2005 US $)

Figure_Apx 10.1-15 the whole GDP for UK Manufacturing as an amount of whole
GDP at constant prices 2005 US $ in the period of years between 1985 and 2010.
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Figure_Apx 10.1-16 UK Agriculture, Manufacturing and Services, amount of GDP
(constant 2005 US $)
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Figure_Apx 10.1-16 shows the whole GDPUK Manufacturing as an amount of whole
GDP at constant prices 2005 US $ in comparison with other sectors (Agriculture and
Services) in the period of years between 1985 and 2011.
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Figure_Apx 10.1-17 Apprenticeship framework achievements by sector

Figure_Apx 10.1-17 shows apprenticeship achievements by sector and by number of
people in the period of years between 2002 and 2013.
Description of graphs (Figure_Apx 10.1-11 to Figure_Apx 10.1-17)
Figure_Apx 10.1-11 shows the number of qualifications obtained by both full time
and part time UK students in the period of years between 1999 and 2013. While the
number of people with a first degree certificate is increasing, the number of higher
qualifications obtained is decreasing. People are less interested in continuing with
higher education. Figure_Apx 10.1-12 shows us the number of qualifications
obtained just by full time UK students while the Figure_Apx 10.1-13 shows us the
number of qualifications obtained merely by part time UK students. When it was
compared with the graph number four, it can be seen that the difference in the
number of qualifications obtained by each of the group. The number of people with
undergraduate certificate is decreasing. More undergraduate qualifications are
obtained by part time students than full time. Postgraduate Taught is also more
popular by part time students than the full time. Only the postgraduate certification in
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education is preferred by full time students. All the graphs were created on the basis
of data from Higher education statistics agency.
Figure_Apx 10.1-15 shows the whole GDP for the UK Manufacturing as an amount
of whole GDP at constant prices 2005 US $ in the period of years between 1985 and
2010. It can be seen that while the GDP of the UK is increasing, the amount of GDP
earned by UK Manufacturing sector was from the year 2007 decreasing. It shows us
also small recovery in 2010, when the amount of GDP from this sector started to
increase. It shows us that the decrease in manufacturing sector was not just
because of the change in the structure of the sectors, where the service sector was
increasing. Not only the percentage as a part of GDP was decreasing, also amount
of money from Manufacturing as a part of GDP was decreasing. Figure_Apx 10.1-16
shows us the comparison of amounts of GDP earned by these three sectors:
Agriculture, Manufacturing and Services and the whole GDP of the UK in the period
of years between 1985 and 2011, at constant prices 2005 US $. While the amount
as a percentage of GDP from Services is increasing, the other two sectors are very
low, but they are both slightly increasing during the year 2010. Both groups were
created on the basis of data from the World Bank.
Figure_Apx 10.1-17 shows us apprenticeship number achievements by areas of
sectors and by number of people in the period of years between 2002 and 2013. It
can see the dominance of achievements in the areas of service sector, while the
achievements from the areas of manufacturing sector are quite low. The graph was
created on the basis of data from GOV.UK.
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10.2

Survey questionnaire and results

10.2.1

Survey questionnaire

Company profile:
8) Is your company registered in the UK?
Yes / No
9) Is your company a family owned business?
Yes / No
10) How many people are employed in your company?
11) Is your company predominantly automated or manually powered for
production?
12) What type of products do you manufacture?
13) What is your annual turnover?
Current practice:
14) How you measure the productivity in your company (select one):
1. Performance measurement of individual employees.
2. Performance Measurement of teams or production cells.
3. Performance measurement of activities and processes.
4. Performance measurement of profit and cost centres.
5. Performance measurement at the level of the firm.
6. Or any other (please specify)
7. Not measuring.
15) What are the root causes of change in manufacturing productivity in your
company (select all relevant root causes)?
1. Competition in the sector.
2. Regulation for the companies.
3. Regional divergence (location, human capital).
4. Ability to be responsive to fast changing market.
5. Investment in research and development (R&D).
6. Investment in IT.
7. Investment in innovation.
8. Managerial skills.
9. Graduate skills.
10. Vocational training.
11. Workplace culture.
12. Other (please specify)
16) Do you actively plan productivity improvement?
Yes / No
If yes, select the actions that have been taken
1. Investment in automation.
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2. Investment in ICT.
3. Investment in training and development.
4. Investment in R & D.
5. Process improvement.
6. Product simplification.
7. Investment in social welfare of employee.
8. Salary and wage increase.
9. Incentive scheme.
10. Enhancement in working environment.
11. Other (Please Specify)
17) Did these actions taken delivered desired result? Yes / No
Future development:
18) Do you a have plan for growth?
Yes / NO
If yes, what is the target for the next financial year?
19) Could improve productivity help you achieve the growth?
Yes/No
If yes, what should be done to improve productivity (select all relevant
answers)?
1. Investment in automation
2. Investment in ICT
3. Investment in training and development
4. Investment in R & D
5. Process improvement
6. Product simplification
7. Investment in social welfare of employees
8. Salary and wage increase
9. Incentive scheme
10. Enhancement in working environment/culture
11. Other (Please Specify).
20) Can automation improve productivity?
Yes/No
21) Productivity has traditionally been measured by capital and labour aspects
which are considered as the main inputs. However, the ‘value chain’ of
manufacturing has become much wider now (design, production, operation,
maintenance and recycle). What key elements should we account for
productivity measurement in the 21st century?
1. Capacity input
2. Labour input
3. Research & Development input
4. Service input
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5. Other (Please Specify).
22) Manufacturing drives economic growth. It also contributes to society. In your
opinion, which areas provide contribution for society? (Tick more than one if
necessary)
1. Innovative products
2. Better communication and transportation
3. Equipment to support better healthcare
4. Health and safety in work space
5. Training and education in work environment
6. Optimise utilisation of the nature resource and reduce environment
pollution
7. Business ethics and transparency in policies and transaction
8. Job opportunities in manufacturing
9. Higher wages in manufacturing
10.

10.2.2

Survey results

Final Report
1. Is your company registered in the UK?
IS YOUR COMPANY REGISTERED IN THE UK?
Yes %

No %

13%

87%

Figure_Apx 10.2-1 Company registered in the UK
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2. Is your company a family owned business?
I S Y O U R C O M P AN Y A F AM I L Y O W N E D B U S I N E S S ?
Yes %

No %

34%

66%

Figure_Apx 10.2-2 Is your company a family owned business

3. How many people are employed in your company?
How many people are employed in your company?

19%
25%

19%

7%

12%
18%

Up to 10

11-50

51 - 250

251 - 1000

1001 - 5000

More than 5000

Figure_Apx 10.2-3 How many people are employed in your company
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4. Is your company predominantly automated or manually powered for
production?
#
Answer
Response
%
1
Automated
13
18%
2
Labour
49
69%
3
Others
9
13%
Total
71
100%
Table 10.2-1 Company segregation
Is your company predominantly automated or manually powered
for production?

13%

18%

69%

Automated

Labour

Others

Figure_Apx 10.2-4 Automated or manually powered

5. What type of products do you manufacture?
POS Display / Merchandising Equipment
Aerospace
Research instruments for academia and industry
Mechanical handling fabricated equipment
Scientific tools
Machined parts for Oil and Gas, Medical, Aerospace, Fuel Systems
Refinish paint
Aerospace - Military- commercial enclosures- electronic assembly
Chemical detergents
Engines and Power Plants
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Hydraulic motors, Stearing Gears
Power products (Engines, generators etc)
Major Aerospace structures
Power Systems
Power systems for air, land & sea usage
Jet engines
Computer and AV cables
Defence
Capital equipment for inspection and test
Vacuum cleaners
All metal or plastic
High value capital equipment
Cutting Tools
Alarms & weighing systems
Protective cases, racks, and bags
Furniture (Sofas)
Food ingredients
Electronic (effect products)
Metal goods
Springs and pressed metal parts
Package and distribute clinical trials
Glass and glazing
Component parts & sub-assemblies
Boxes
Audio/Video/Broadcast
Industrial fans
Manufacturing consultancy
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Paper and corrugated packaging
Manufacturing Research
Enamel steel pipes and signage
Metal components
Medical diagnostics
Trains
Service related, not a manufacturer as core business
Electronics
Interim Management services
Business Services
Research instruments
Castings
Low volume high mix industrial medical military sector
High tech instrumentation
CD's
Aerospace
Power systems
Cable harness, electro mechanical sub-assemblies
Photonics
Consulting
Orthopaedic implants
Lighting Control Products
Equipment
Doors and door frames
None - Consultant
HMI products
Instrumentation and measurement machines
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Software
6. What is your annual turnover? (in £)

% of survey responses.

What is your annual turnover? (in m £)
50
45
40
35
30
25
20
15
10
5
0

44

25

Up to 10

11-100

16

14

101-1000

1001-20000

Turnover in Million £

Figure_Apx 10.2-5 Annual turnover

7. How do you measure the productivity in your company? (select one):
Measure the productivity in your company
25%

20%

15%

10%

5%

0%
Performance
Performance
Performance
Performance
Performance
Not measuring
measurement of measurement of measurement of measurement of measurement at
individual
teams or
activities and
profit and cost the level of the
employees
production cells
processes
centers.
firm

Or any other
(please specify)

Figure_Apx 10.2-6 Measure the productivity in your company

Other methods Suggested
Productivity measured at every level in the organisation
Multiple Metrics
Performance measured by my client
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8. What are the root causes of change in manufacturing productivity in your
company (select all relevant root causes)?
# Answer
%
1 Competition in the sector
59%
2 Health and Safety regulation
20%
3 Environmental regulation
14%
4 Employee regulation
16%
Regional divergence (location,
5
5%
human capital)
Ability to be responsive to fast
6
45%
changing market
Investment in research and
7
25%
development (R&D)
8 Investment in IT
20%
9 Investment in innovation
25%
10 Managerial skills
47%
11 Graduate skills
3%
12 Vocational training
14%
13 Workplace culture
47%
14 Other (please specify)
11%
Table 10.2-2 Root causes response
Root causes of change in manufacturing productivity

70%
60%

59%

50%

47%

45%

47%

40%
30%

25%
20%

20%

14%

16%

14%

10%
0%

25%
20%

5%
Competition in the Health and Safety
sector
regulation

Environmental
regulation

Employee
regulation

11%

3%

Regional
Ability to be
divergence
responsive to fast
(location, human changing market
capital)

Investment in
research and
development
(R&D)

Investment in IT

Investment in
innovation

Managerial skills

Graduate skills

Vocational training Workplace culture

Figure_Apx 10.2-7 Root causes of change in manufacturing productivity

Other Root causes suggested
Getting good service engineers
Continuous improvement
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Other (please
specify)

Skills of managers giving clear direction
Availability of apprentices to train
9. Do you actively plan productivity improvement? Please select the actions
that have been taken
#
Answer
%
Investment in
1
33%
automation
2
Investment in ICT
23%
Investment in training
3
52%
and development
4
Investment in R & D
30%
5
Process improvement
78%
6
Product simplification
42%
Investment in social
7
13%
welfare of employee
Salary and wage
8
14%
increase
9
Incentive scheme
20%
Enhancement in
10
34%
working environment
11 Not yet
6%
12 Other (Please Specify)
6%
Table 10.2-3 Productivity improvement response

Other Reasons suggested


Lean



Leadership skills



Culture change
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10. Did these actions taken delivered the desired result?
ACTIONS TAKEN DELIVERED THE DESIRED RESULT?
Yes %

No %

24%

76%

Figure_Apx 10.2-8 Actions taken delivered the desired result

11. Do you have a plan for growth?
Plan for Growth

18%

Yes %
No %

82%

Figure_Apx 10.2-9 Plan for Growth
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Growth Target set by different companies
30

25

% of response

20

15

10

5

0
0-5

6-10

11-15

16-20

25

30

50

Growth Target in %

Figure_Apx 10.2-10 Growth Target set by different companies

12. Could improve productivity help you achieve the growth? (Please short
explain your view)
D O I M P R O V E D P R O D U C TI V I TY H E L P S TO AC H I E V E
GROWTH
No %

Yes %

20
1
80

0

10

20

30

40

50

60

70

80

Figure_Apx 10.2-11 Do improved productivity helps to achieve growth
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In support of productivity helps in growth following major comments were
made.


Increase capacity, improve responsiveness / dependability



An increase in operational process efficiency, clearly growth will come
through efficiency not through the additional of head count or materials



Address market place competition.



More effective use of the current resources.



Potential in all areas for improvements.



Of course, but also requires investment and acquisition and max
exploitation of resources.



Less operators



Improved productivity generates capacity which facilitates growth



Improved productivity will increase output and reduce offshoring.



Increased productivity leads to lower costs & lead time, facilitating
throughput and allowing the quicker fulfilment of the order book and
greater customer confidence therefore securing further and future orders.



Reduced operating costs will increase sales



Rapid introduction of new product lines developed internally (R&D) to meet
new market demand



Increase profit for re-investment



Avoid increases in overhead as output increases.



Improve competitiveness. Greater ROCE



Cost leadership on complex products equals competitive advantage



To stay competitive the growth must be achieved whilst lowering costs.



Asset utilisation



Increased capacity and cost reduction combined with quality
improvements to drive sales growth



Shorter lead times.



Better customer service, lower costs allowing lower pricing



By keeping abreast of trends and client requirements



Re-organisation and delegation of business tasks



Improving through put
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Eliminating waste and right first time
How improved productivity helps to achieve growth
30
24

25

22
% of Responce

20

15

14
11

11

11

10

8

5

0
Improve
capacity

Improve
Efficiency

Makes more
competitive

Cost
reduction

Shorter Lead Reduce Input
time

Other

Advantages of Productivity Improvement

Figure_Apx 10.2-12 How improved productivity helps to achieve growth

In support of No following comments were made.
 Growth dictated by market opportunities, forecast looks stable over next
three years.
 Acquisitions are need to achieve targeted growth
 Market saturation - strategy is to diversify
 Our major problem is dispirited morale. People go part time from
depression, aware of extreme wealth disparity and low status of
engineering.
 Not in isolation, requires other factors to fall into place
 Insufficient capacity
 Productivity is a function of capacity which is sold by sales force, the more
is sell the quicker is to make.
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13. What should be done to improve productivity (select all relevant
answers)?
# Answer
Investment in
1
automation
2 Investment in ICT
Investment in
3 training and
development
Investment in R &
4
D
Process
5
improvement
Product
6
simplification
Investment in social
7 welfare of
employees
Salary and wage
8
increase
9 Incentive scheme
Enhancement in
working
10
environment/
Culture
Other (Please
11
Specify)
Table 10.2-4 Recommendations

Other reasons suggested
Adopt Lean (and Six Sigma) practices
Change of the culture and approach
Setup Reduction
Better client relationships
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%
57%
39%
78%
39%
84%
47%
29%
18%
29%
45%

12%

14. Can automation improve productivity in your company?
Automation improve productivity

34%

66%

Yes %

No %

Figure_Apx 10.2-13 Automation improve productivity

15. Productivity has traditionally been measured by capital and labour aspects
which are considered as the main inputs. However, the ‘value chain’ of
manufacturing has become much wider now (design, production, operation,
maintenance and recycle). What key elements should we account
for productivity measurement in the 21st century?
#
Answer
%
1
Capacity input
66%
2
Labour input
61%
Research &
3
Development
41%
input
4
Service input
42%
Other (Please
5
17%
Specify)
Table 10.2-5 Other inputs

Other Reasons suggested


Product velocity - order to cash lead-time



Systems working practices culture



Flexibility



Specific management training and development



Respect for manufacturing in society - otherwise no-one takes it up as a
career
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Communication



ROCE



Supply chain response

16. Manufacturing drives economic growth. It also contributes to society. In
your opinion, which areas provide contribution for society? (Tick more than
one if necessary)
#
Answer
%
1
Innovative products
69%
Better communication
2
51%
and transportation
Equipment to support
3
46%
better healthcare
Health and safety in
4
46%
work space
Training and education
5
73%
in work environment
Optimise utilisation of
the nature resource
6
47%
and reduce
environment pollution
Business ethics and
7
transparency in policies
46%
and transaction
Job opportunities in
8
81%
manufacturing
Higher wages in
9
36%
manufacturing
Table 10.2-6 Contribution to society

10.2.3

Survey results by size of company

Figure_Apx 10.2-14 Size of company

This survey had collected a total 99 responds that had chosen the size question, so
we can analysis the following questions by different size of question. The distribution
of four kinds of company is as below:
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Company Size

Number of respond

Micro

22

Small & Middle

34

Large

19

Giant

24

Total

99

Micro
22%

Giant
24%

Large
19%
Small&Middle
35%
Micro

Small&Middle

Large

Giant

Figure_Apx 10.2-15 Segregation of companies

The findings for survey analysis by company size:
2. Currently, UK manufacturing companies still trend to predominantly manually
power for production.
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Company predominantly automated or manually powered for
production.
90

79

80

79

% of Responce

70
60

50

47

50
40

36

30

17

14

20
10

21

29

24

3

0
Micro

Small&Medium

large

Gaint

Company Category
Other

Labour

Automated

Figure_Apx 10.2-16 Company predominantly automated or manually powered for
production.

Compare different sizes of company, the giant and large size companies are more
predominantly automated.
2. The top three reasons of the root causes of change in manufacturing
productivity in the companies are “competition in the sector”, “managerial skills”,
and “working culture”.

Figure_Apx 10.2-17 Root cause for change in productivity

96

For the micro companies, “managerial skills” is the first priority root cause. For the
small and middle even giant companies, “competition in the sector” is their first
priority. For the large companies, “ability to be responsive to fast changing market” is
also in line with “competition in the sector” and “managerial skills” as first priority.

Figure_Apx 10.2-18 Root cause for change in productivity (Micro)

Figure_Apx 10.2-19 Root cause for change in productivity (Small & Middle)
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Figure_Apx 10.2-20 Root cause for change in productivity (Large)

Figure_Apx 10.2-21 Root cause for change in productivity (Giant)

3. For the UK manufacturing companies the most popular activity for planning the
productivity improvement is “Process improvement”, then “investment in training
and development” and “product simplification”.
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Figure_Apx 10.2-22 Plan for improvement

For all the sizes of companies, “process improvement” always is the first priority.
Small and Middle companies take care more about “training and development”,
larges prefer “investment in automation”, and giants participate in “investment in
R&D” more.

Figure_Apx 10.2-23 Plan for improvement (Micro)
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Figure_Apx 10.2-24 Plan for improvement (Small & Middle)

Figure_Apx 10.2-25 Plan for improvement (Large)
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Figure_Apx 10.2-26 Plan for improvement (Giant)

4. Most UK manufacturing companies have a plan for growth. It is more in small
and middle companies, 89% of them made a plan for growth. In contrast, micro
companies have fewer attitudes for a growth plan, as only 58% of them have.

Figure_Apx 10.2-27 Plan for growth (response)
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5. Improving productivity helps large companies most, for achieving their
growth. For other sizes of companies, more than 20% cannot benefit the growth by
productivity improvement. The worst case is that nearly 60% of micro companies do
not rely on productivity improvement for their growth targets.

Figure_Apx 10.2-28 Could productivity help in achieving growth

6. Most of UK manufacturing companies want to “improve the process” for
productivity improvement, they also like to consider “investment in training and
development”, then “investment in automation”.

Figure_Apx 10.2-29 Actions for improving productivity
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For large companies, they attach more importance for “enhancement in working
environment” than other sizes of companies.

Figure_Apx 10.2-30 Actions for improving productivity (Micro)

Figure_Apx 10.2-31 Actions for improving productivity (Small & Middle)
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Figure_Apx 10.2-32 Actions for improving productivity (Large)

Figure_Apx 10.2-33 Actions for improving productivity (Giant)

7. For key elements of accounting the productivity, small and middle companies
consider “labour input” in the first priority; others take “capital input” as the first. All
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companies also consider “Research & Development input” and “service input” as
important elements for productivity accounting.

Figure_Apx 10.2-34 Key elements accounted for productivity

Figure_Apx 10.2-35 Key elements accounted for productivity (Micro)
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Figure_Apx 10.2-36 Key elements accounted for productivity (Small & Middle)

Figure_Apx 10.2-37 Key elements accounted for productivity (Large)
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Figure_Apx 10.2-38 Key elements accounted for productivity (Giant)

8. Except the contribution for economy growth, manufacturing is also highly
recognised as lots of “job opportunities”. Manufacturing not only make “innovative
product” to improve the life experience and quality, but also provide a long term and
security career path via “training and education in working environment”. From the
survey, people don’t think the wage in manufacturing sector is higher than other
sectors.

Figure_Apx 10.2-39 Manufacturing contribution to society
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For micro companies, they took most contribution for “innovative products”. For
small, middle, and large companies, “job opportunities” is the most contribution from
manufacturing. For the giant companies, they take the most advantage for “training
and education in working environment”

Figure_Apx 10.2-40 Manufacturing contribution to society (Micro)

Figure_Apx 10.2-41 Manufacturing contribution to society (Small & Middle)
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Figure_Apx 10.2-42 Manufacturing contribution to society (Large)

Figure_Apx 10.2-43 Manufacturing contribution to society (Giant)
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10.3

Results from press release

Description of Fishbone diagram
The Fishbone diagram was created based on the information from these
newspapers: Dow Jones News, Financial Times, Market News International,
Guardian Unlimited, Reuters News, Times Newspapers, The Telegraph, which were
published in the period of years 1986 and 2014. The main content shows us a
detailed root cause analysis of changes in UK manufacturing productivity. The
problem is recorded always one time per year, although there were more articles
writing about the main issue. Root causes are divided into 10 main groups. There
are also other causes, which are not coloured. They were not pointed out as a main
root causes too often.
There are these main 10 groups which show us specific areas of root causes. Each
of these groups contains more detailed expressions.
Skills: this group includes everything about the educational issues and skills
shortage. As is, for example, inadequate education and training, lack of basic skills
among adults, and poor literacy and numeracy skills.
Investment: this group includes low investment in R&D, IT and technology, capital
equipment, machinery, business and the lack of higher corporate investment
spending.
Management: this group includes management complacency, incompetence of
managers, low use of benchmarking and other methods, poor implementation of new
practices, poor leadership and senior managers view, who see the productivity as a
someone else´s problem.
Policy: this group includes obstacles for enterprise, capital market failures, rising
complexity of business regulations, increased regulation and taxation (personal,
corporate, business), less foreign direct investment and poor access to capital
market for small and mid-sized companies.
Labour hoarding: this group includes holding on to skilled and experienced
workers.
Long working hours: this group includes not only long working hours, but also
unpaid overtime.
Employment: (reduction of unemployment): this group includes, besides the growth
of employment also rising employment rather than investment.
Poor infrastructure
Inefficient Public sector: this group includes too high government spending and a
diversion of resources to the less productive public sector.
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Innovation: this group includes low levels of innovation.
The summary shows the main root causes of productivity variation in British
manufacturing. This study was made from these newspapers: Dow Jones News,
Financial Times, Market News International, Guardian Unlimited, Reuters News,
Times Newspapers and The Telegraph.
1986
US owned companies based in the UK spend a higher amount of money on R&D
and capital equipment than the average British manufacturer. They also export more
and use better employment practices. The companies are more interested in export,
which drives also their innovation.
1988
US achieved strong productivity growth by increasing the flexibility in the labour
market. Increase of the British manufacturing productivity in the 1980s was also
achieved by the large-scale shedding of labour. This rise still left it much behind
overseas competitors. British labour market recorded the increase in the use of
external workers, which sharply made higher the number of part-time, temporary and
self-employed workers. There is low investment of British manufacturing companies
in significant improvements. The complacency of management is a serious threat in
the way of achieving the productivity growth.
1989
This year brought a monthly drop of unemployment. The UK is facing a skills
shortage, it is essential to invest more in education and training. High importance
was given to information driven technology by Japan, South Korea, Taiwan,
Germany and France, while in Britain it was not so often. For Britain education is
more as an individual initiative.
1991
It looks like Britain has chronic skill shortages and inadequate training of employees,
according to the highest level of natural rate of unemployment. There will be
essential to increase vocational and general training levels, which will allow the
increase of general skills critical for productivity. Problems were also found with low
capital investment and inefficient management plus working practices. Foreign-
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owned companies in comparison with British one invest and produce more per
worker.
1993
In US started technological change by the investment in information, communication
and by the investment of multinational corporations. British companies also invested
in computer equipment. There is still a large gap in productivity between Britain and
main competitors.
1995
In Britain increased the number of people, spending in job long working hours, which
has a bad impact on productivity and international competitiveness.
1997
During recent years were in the UK introduced new ideas as self-checking methods
and team working, which could have an influence on the improvement of the labour
productivity. Foreign investors are usually more likely to be innovative and more
efficient, because of their interest in expansion.
1998
Productivity growth in the UK is more likely because of working longer hours than the
efficiency. Investment in the UK as a share of national income is the lowest one in
comparison with the leading industrialised countries. There was also highlighted
problems with over-regulation, poor management, skill shortages, capital market
failures and with the barriers to a profitable investment. Too few organizations use
new approaches as is e.g. benchmarking and managers often do not know how to
improve the productivity. It is also important to understand the fast changing market
and be ready to react. British industry has a higher proportion of out-dated plant
machinery.
1999
While the service sector continues to grow, manufacturing is in recession. The UK
has zero economic growth and in the same time rising employment, which result in
fall of the productivity. Germany and France have in comparison with Britain higher
labour productivity, but their unemployment is double. There is also increase of parttime workers. Investment in R&D is increasing in the USA while in Britain it is
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declining. British industry does not have enough good managers and the workforce
has poor literacy and numeracy skills. Employees in the UK work harder and for
longer, but the production is quite low in comparison with other countries.
2000
US invested higher amount of money in information technology than the UK. Why
was the productivity growth held back during the past years? There may be these
reasons: the supply shock caused by the sharp rise in oil prices (since 1998) and
large numbers of the long-term unemployed were absorbed by the UK labour
market. The workforce of many manufacturing companies was reduced to boost
productivity.
2001
The workforce of many manufacturing companies was reduced to boost productivity.
The reasons are: poor education standards, low literacy and numeracy skills, an
underdeveloped

business

culture,

the

obstacles

to

enterprise

and

entrepreneurship. There are also problems with poor management, low
employee morale and with poorly trained staff. USA invested heavily into IT and
the internet which helped to sustain higher rates of growth after the economic
shakeout.
2002
On the one site the UK has problems with poor skills within the current
workforce. There is often invested in workers, who have already skills on the
high level instead of the concentration of people with no literacy and numeracy
skills. On the other site, there are problems with poor management and the
implementation of new practices. The other root causes of low productivity are:
poor investment, low competition, bad motivation and leadership, low levels of
research

and

development,

inadequate

transport

system,

shortage

of

professionals with vocational skills and with intermediate engineering and ICT skills.
There are also issues with business taxation and confusion with recent
legislation, which is putting a strain on the business. Euro currency eliminated
exchange change risk in the euro zone and decreased the amount of foreign
direct investment in the UK.
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2003
The root causes of low productivity in the UK are: weak infrastructure, low skills
of the workforce, poor working morale, few good middle managers, low
collaboration between businesses and universities, poor access to the debt
market, low investment and R&D spending. Britain needs to compete with the
developing countries as China, through the emphasizing on higher technology
and better quality of products. It is essential that Managers will learn more about
the new working practices and will be able to identify how to deliver high
productivity in their company. Companies are also inferior at measuring their own
performance and benchmarking.
2004
Productivity is most likely influenced by a complex set of factors: skills, R&D and
the economic cycle. British employees have often high amount of unpaid
overtime hours. It makes almost another full day at work. They are not judged for
the efficiency at work, but for the number hours spent in the office. Workers are
poorly educated. There is imbalance in education, people who need it most, are
not getting it. Vocational courses are less popular than the academic one, whic h
creates skill shortages, which are demanded by companies. The UK decreased
the number of unemployed people, which decreased the productivity. There had
to be employed people with lower skills. Managers in the British companies have
poor skills and in addition to that, they see the productivity as someone else´s
problem.
2005
There is a large amount of people without basic skills such as numeracy, literacy,
IT and communication. Other issues, why the productivity growth is behind main
competitors are: low level of vocational training, heavy regulations, business
taxation, sharp rise in public spending, poor infrastructure, innovation and low
investment in R&D and machinery. Also management practices need to be
improved.
2006
In the UK workers have poor literacy and numeracy skills and shortage of
specific technical occupational skills. Employers prefer to give training to already
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high qualified people instead of the lowest one. One of the key factors of British
bad productivity is bad management, managers does not know how to work with
people to get the best from them. There is also poor corporate and R&D
investment. Firms do not invest even if they have the money for it because of the
uncertainty around demand, energy prices and future taxes.
2007
The issues in the UK are: relatively low general skill level (literacy and numeracy
skills), the complexity of business regulations, poor management, low level of
innovation, R&D and the business investment. The US companies also have
better usage of IT, in comparison with the UK.
2009
There are concerns in the UK about these issues: rising business costs, low
levels of credit, the low level of skills, decline in business investment and poor
management. One in five managers is missing the qualification for the role.
2010
Productivity is held back by low investment in R&D, poor infrastructure and by
the education inefficiencies.
2011
The productivity is negatively influenced by low investment in R&D, failure to
innovate, high spending on the less productive public sector, inefficient
education,

poor

labour

relations,

infrastructure

bottlenecks,

lack

of

entrepreneurship, over-regulation of business and the rigidities of the class
structure. Also hoarding of the employees during the recession was a weakness
for the productivity, but the companies wanted to be ready and have skilled
workers in the coming recovery. Small companies have problems in the area of
obtaining credits from the bank. It is hard for them to borrow money and get the
opportunity to invest, banks were charging high prices.
2012
The UK has been struggling for years with the lowest level of investment among
G5 countries. There are also other issues, why the productivity in the UK is lower
according to the main competitors. Increased regulation and taxation, labour
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hoarding, inefficient education, too high government spending on public services
were other issues, which influenced the productivity. Output per worker is
decreasing because the economy in the UK is not growing, but there is still
increase of the jobs. There is still a problem with loans for the investment, for
small and medium-sized businesses.
2013
The impact on the UK productivity have poor skills, poor investment, low
innovation, high government spending and taxation. It looks like it is still cheaper
to hire more employees than invest in labour saving equipment.
2014
Many companies in the UK have poor performance of employees. It is important to
understand better the technology, focused management and find more efficient ways
of the work. It is essential to invest in better technology and skills of employees.
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10.4

Manufacturing Well-being profile data

Figure_Apx 10.4-1 Annual average income – overview comparison UK 2013

Figure_Apx 10.4-2 Annual average income - Gross (£) - For all employee jobs: United
Kingdom, 2013
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Figure_Apx 10.4-3 Annual average income growth - Gross (%) - For all employee jobs:
United Kingdom, 2013

Figure_Apx 10.4-4 Median gross annual earnings (£)
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Figure_Apx 10.4-5 Median gross annual earnings growth (%)

Figure_Apx 10.4-6 Overview of UK employment
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Figure_Apx 10.4-7 Number of jobs (thousand) – for all employ jobs, UK 2013

Figure_Apx 10.4-8 UK Manufacturing jobs compare with all in employment (thousand)
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Figure_Apx 10.4-9 Vacancies by industry – UK - Nov-Jan 2014 (thousand)

Figure_Apx 10.4-10 The number of employed graduates and employed non-graduates
who have completed an apprenticeship – UK – 2013 (thousand)
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Figure_Apx 10.4-11 Employment aged 16 to 64 by highest qualification, UK - 2012 (%)

Figure_Apx 10.4-12 Graduate employment rate by undergraduate degree subject- UK 2013
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Figure_Apx 10.4-13 Average annual pay for graduates with undergraduate degrees by
the subject - UK -2013

Figure_Apx 10.4-14 Self-reported illness caused or made worse by current or most
recent job
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Figure_Apx 10.4-15 Incidence of work-related ill-health - UK – Avg 2010 – 2012

Figure_Apx 10.4-16 Estimated self-reported workplace non-fatal injury with over three
day - averaged 2010-13
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Figure_Apx 10.4-17 Reported employee fatal injury - UK - 2012-13

Figure_Apx 10.4-18 Manufacturing Carbon Monoxide Emissions
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Figure_Apx 10.4-19 Carbon monoxide emissions - UK – 1900-2009

Figure_Apx 10.4-20 Total carbon monoxide emissions - UK - 2009
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Figure_Apx 10.4-21 Manufacturing acid rain precursor emissions – UK – 1990-2011

Figure_Apx 10.4-22 Total acid rain precursor emissions - UK -2011
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Figure_Apx 10.4-23 Energy intensity by industry - UK -2011

Figure_Apx 10.4-24 Manufacturing Energy Intensity - UK -1997 - 2011
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Figure_Apx 10.4-25 Average actual weekly hours per worker by Standard Industrial
Classification (SIC) 2007 (not seasonally adjusted)

Figure_Apx 10.4-26 Median Overtime pay (£) - For all employee jobs: United Kingdom,
2013
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Figure_Apx 10.4-27 Incidence of work-related mental ill-health - UK - Avg 2010-12

Figure_Apx 10.4-28 Estimated prevalence and rates of self-reported stress,
depression or anxiety caused or made worse by current or most recent job – UK –
2011-12
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Figure_Apx 10.4-29 Manufacturing Well-Being Profile, US 2014

Figure_Apx 10.4-30 Manufacturing Well-Being Profile, US 2014
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Figure_Apx 10.4-31 Average weekly earnings of all employees on private nonfarm
payrolls by industry sector, seasonally adjusted, $, US, 2014

Figure_Apx 10.4-32 Average weekly earnings growth of all employees on private
nonfarm payrolls by industry sector, seasonally adjusted, %, US, 2014
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Figure_Apx 10.4-33 Employed persons by industry, US, 2013, (thousand)

Figure_Apx 10.4-34 Percentage of all employment of women on nonfarm payrolls by
industry sector, seasonally adjusted, US, 2014
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Figure_Apx 10.4-35 Vacancies by industry sector, US, Dec. 2013, (thousand)

Figure_Apx 10.4-36 Tertiary and advanced research programmes graduate by field of
education, US, 2014
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Figure_Apx 10.4-37 Incidence rate for nonfatal occupational injuries and illnesses, US,
2012, per 10,000 full-time worker

Figure_Apx 10.4-38 Rate of fatal occupational injuries, US, 2012, per 10,000 full-time
workers
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Figure_Apx 10.4-39 Average weekly hours and overtime of all employees on private
nonfarm payrolls by industry sector, seasonally adjusted, US, 2014

Figure_Apx 10.4-40 Percent distribution of Neurotic reaction to stress, US, 1997
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10.5

Detail of recommendations

Process improvement:
For manufacturers, improving production processes by using systematic approaches
such as Lean Manufacturing can help to reduce costs and optimise the location of
equipment and deployment of labour. Your choice of materials and assembly
techniques can also have a significant impact on efficiency and can be reviewed to
improve cost-effectiveness.
OEE is an abbreviation for the manufacturing metric Overall Equipment
Effectiveness. OEE takes into account the various sub components of the
manufacturing process – Availability, Performance and Quality. After the various
factors are taken into account the result is expressed as a percentage. This
percentage can be viewed as a snapshot of the current production efficiency of a
machine, line or cell.
OEE= Availability x Performance x Quality
Product simplification:
Product simplification is the discipline of merging the greatest performance
functionality into the fewest number of parts using the most suitable and costeffective materials and manufacturing processes. It is an engineering board game, in
a way, answering questions about a design and seeing a Design for Manufacture
and Assembly (DFMA) database respond with quantitative costs and reports. There
are truth and mystery in confronting an analysis that says there are too many parts,
shows the team where, and then launches everyone into the intimacy of trial-anderror engineering, collaboration, and fresh creation.
Investment in Automation:
Automation enables to reduce direct and overhead costs, making a dramatic
difference to company competitiveness. The inherent accuracy and repeatability of
robots means you can achieve a consistently high quality finish for every product
Produced. Automation eliminates the problems associated with tiredness, distraction
and the effects of repetitive and tedious tasks.
Investment in R&D:
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R&D investment is the foundation of modern society. Research and development are
the main source of new technologies and thus helps manufacturing productivity
growth in the long run. There is broad agreement among governments and
economists that investment in R&D raises productivity and generates economic
growth. This is true for firms individually as well as for economies as a whole. The
seminal work of modern economic growth theory attributed 90% of growth to
technological change and just 10% to increases in capital. Thus the wealth and
welfare of modern society depend fundamentally on continuing investment in and
exploitation of new knowledge.
Investment in ICT:
Computerised information (used interchangeably with ICT capital) Computerised
information refers to outlays on knowledge included in computer software developed
for a businesses’ own use, and in computerised databases.
Information and communication technology (ICT) is a fundamental driver of
productivity improvements. ICT has driven productivity and growth in developed
countries over the past two decades.
Investment in Training and development:
Training & development is certainly a part of corporate strategy to improve
performance in a growing organization. Training brings about attitudinal changes,
improves skill, and thereby improves job performance. Human capital development
takes place through employee training, which concentrates on operational, technical
and other related areas; as well as management development, which focuses on
managerial and behavioural skill and knowledge. Both eventually help in re-orienting
attitude towards a job and result in improvement in job performance. The role of
leadership is to get extraordinary performance from ordinary people, and training &
development programs are organized with the specific objective to contribute to
company's competitive challenge.
Poor training may be the cause of substandard quality of your products and can also
adversely affect production time. Investing in proper training for new hires can
eliminate costly mistakes and ensure that the work is done right the first time. This
can also reduce the need for quality control procedures and improve the overall
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speed of your production process. Consider designating one person as a trainer,
preferably someone with experience and expertise in your production process.
Well-trained employees are more capable and more willing to take control over their
jobs as they acquire positive attitudes. They need less supervision, and free up
supervisors and managers to do other tasks. Employees who understand the
business are more satisfied and are more motivated, leading to better workplace
relations.
The benefits of investing in training and development include:


Increased staff morale and job satisfaction



Creates highly motivated employees



Willingness to adopt new technologies and methods



A flexible, creative, innovative workforce



Reduced employee turnover.



Enhanced company image and status



Increased efficiencies and productivity



Potential financial gains for the company

Enhancement in working environment/ Culture:
Many enterprises limit their productivity enhancement of employees to the
acquisition of skills. However, about 45% of people say Enhancement in working
environment helps in increasing productivity. The work environment has an effect on
the performance of employees. The type of work environment in which employees
operate determines the way in which such enterprises prosper. External and internal
work environment as well as employment policies as they currently obtain are
unfavourable to the enhancement of labour productivity. Conducive work
environment stimulates the creativity of workers. Improvement in the work
environment and bad working conditions contribute to low productivity of employees.
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10.6

Study of data envelope analysis

Data envelopment analysis (DEA), occasionally called frontier analysis, was first put
forward by Charnes, Cooper and Rhodes in 1978. It can be used in performance
evaluation and benchmarking. It can be used for evaluating the relative
efficiency of decision-making units (DMU's) in organisations.
The analysis compares the relative efficiency of organisational where units perform
similar tasks.
There is a mathematical approach to DEA that can be adopted - this is illustrated
below. A part of this mathematical approach is used in Manufacturing Well-Being
Profile.
For example
Consider a number of industry sectors in the whole economy, all of these sectors
could be measured as same figure as here showed, annual average income.
Industry Sector
FINANCIAL AND INSURANCE ACTIVITIES
INFORMATION AND COMMUNICATION
MANUFACTURING
EDUCATION

Annual average income (£)
54578
40369
30570
23852

Table 10.6-1 Example

The annual average income is considered as a type of ratio, as per year per person.
Here Financial and insurance activities have the highest ratio of income, whereas
Education has the lowest ratio.
As Financial and insurance activities have the highest ratio of 54578. It can compare
all other sectors to it and calculate their relative efficiency with respect to Financial
and insurance activities. Divide the ratio for any sector by 54578 (the value for
Financial and insurance activities) and multiply by 100 to convert to a percentage.
This gives:
Industry Sector
FINANCIAL AND INSURANCE ACTIVITIES
INFORMATION AND COMMUNICATION
MANUFACTURING
EDUCATION
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Relative efficiency
54578/54578*100=
40369/54578*100=
30570/54578*100=
23852/54578*100=

100.00%
73.97%
56.01%
43.70%

Table 10.6-2 Calculation

The other sectors do not compare well with Financial and insurance activities, so are
presumably performing less well.
This mathematical approach can compare other set targets such as number of jobs,
number of graduates. And can put more sectors in the comparison.
This mathematical approach just is the surface of the DEA, but it’s enough for our
analysis. DEA has far more complex system and implementation than only this
approach, but further investigation of the DEA will be not used in our research, so
only put this limited part in this report.
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10.7 Strengths and weaknesses of data collection
issues
10.7.1

Strengths

•

Easy access of data

•

Easy to find the trend of the data

•

Data from different sources may be available

•

It is available free of cost

•

As data are published through authorised sources, hence reliable and
accurate

•

Data for long time series (Historic) are accessible

10.7.2

Weaknesses

•

Data up to current year may not available

•

Huge data are available in bits and peace’s

•

Very difficult to summarise the data

•

Raw data is not accessible

•

Many a times the required data is not available
Data analysis in different ways is difficult as it is already being done by other
organisations/persons
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