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Abstract

This paper focuses on the operational driverslodda productivity changes. We consider two sets of
drivers: a) current working practices b) changewanking practices through management programs.
The relationship between these two sets of drie@id productivity changes are analysed. We also
investigate the importance of productivity growth looking at the impact of labour productivity
changes on business performance changes. Firff@lynoderating effects of industry and country on
the use of drivers of productivity changes are érath Data from an international survey, IMSS-IV,
are used for the analysis.
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I ntroduction

Productivity is a key performance indicator inlaNels of the economy, from the shop floor
through business enterprises to the national ecgnbmthe most general terms, it measures
output relative to input. It is a core factor obaomic growth (OECD, 2001) and an enabler
of ensuring strategic advantage (Porter, 1980).

Irrespective of the importance of productivity athbthe macro and the micro level, there are
very few studies that approach it from an operaigerspective (Wacker et al. 2006, Neely,
2005). Because macro productivity is logically kiofl an aggregate measure of micro
productivity, there is a natural need to understhedelationship between the two.

To achieve this understanding, we believe thatnaportant step can be made if we study
those productivity drivers, which influence mic(firm-) level productivity. According to our
view, the most important drivers can be found atdperational level.

If we want to explain the relationships betweeniows levels of productivity, we have to
disclose very complex causes and effects. In tlagep we have chosen to study the
following issues:

* What are the drivers of productivity at the opemadil level?

e What is the influence of labour productivity growtin company-level business
success?

* How do industry- and country-specific factors imfhce the effectiveness of various
productivity drivers?

Literaturereview

There are several input resources in a transfoomairocess: labour (at different levels of
skills and experience) work on materials; machimgsrate unattended or facilitate labour’s
work; and they use energy, information, and otlevises to produce outputs. Among the
types of input resources (labour, capital and mesliate, see OECD, 2001) labour
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productivity plays a particular role. Although thevel of capital invested in businesses has
increased heavily in the last decades, first inUBeand later in other industrialised countries,
like Germany or Japan (Van Ark — Pilat, 1993), lab@roductivity shows even more
dynamics. From our point of view, it is particulamportant that labour productivity growth
absorbs a large part of capital productivity grawklgood example is the high impact of ICT
investments on labour productivity growth (Pilagét 2002; Brynjolfsson — Hitt, 2003). Gust
and Marguez (2004) examined international macra datdiscover relationships between
productivity growth and other measures. As theyctate, the more intense use of
information technology and a less regulated labmarket can lead to higher increase in
productivity growth. The OECD productivity book safOECD, 2001) that although capital
productivity can be measured separately, laboudymtivity measures incorporate some
effects of capital productivity. Others also calieation to the strong relationship between
total factor productivity and labour productivitBdrtelsman et al.,, 2009). Based on these
results, we focus our attention exclusivelylaimour productivity

As for the relationship between the various levaldabour productivity that we wish to
examine (operational, business, macro), we hawvedftiie following in the literature:

a.) There are some papers that analyse the reauces of labour productivity changer
even productivity change in general, in the operstimanagement literature (Wacker, 2006;
Hayes — Clark, 1986; Haasen, 1996; Gunasekardn &é084; Siebers et al., 2008). Although
there are some elements investigated in greateuil déteir total contribution to labour
productivity has not yet been researched. For elgntipe effect of team size, the incentive
system, including wages and other payments (C8605; FitzRoy — Kraft, 1995), training
(Conti, 2005) and employee participation (Zwick 2DBome up as typical issues.

A previous study (Hoegl, 2005) found that a smakem sizencreases productive capacity.
As the team size increases, individuals have ldssnoopportunity to contribute, and
communication becomes more complex. Although Hoegld not identify an optimal size,
his results show that more than ten people in agyr® definitely less productive than smaller
teams. Tohidi and Tarokh (2006) performed quamtgadnalysis on this issue and supported
the idea of smaller teams. However, they added téaktnological improvements (e.g., the
more intense use of ICT, which improves communicgtcan result in larger, still-productive
teams.

The evergreen statement that we do what we measumeie for productivity, as well.
Petersen and Snartland (2004) examined 6.000 is$tadants and 165.000 employees in
Norway. They found that theiece-rate wage systeincreases productivity by 29% as
compared with time-based systems. However, as Miled Fuess Jr. (2005) pointed out,
piece-rate systems or other rewards can be paidmiptfor existing productivity gains but
also as anncentiveto improve labour efficiency. They showed thatypa both driven by
productivity and drives productivity in US manufacghg” (p. 803).

There are other not directly human-related prograinthe operational level, however, that
can drive labour productivity (Siebers et al., 2008ese programs usually target operational
issues, which directly or indirectly also affecthavorkers have to move, work or think, all
of which can influence their productivity.

For example, lean production — with U-shaped sttieaah cells, pull production, fewer levels
in organisational hierarchy, higher worker autonpmgrker involvement in problem solving
and through suggestions systems — can be an impadarce of labour productivity growth
(Crawford et al., 1988; Cua et al., 2001). It imm® the way of work and the information
flows, as well as direct human matters.

Similar things can be told about quality programetal quality management, continuous
improvement programs build on worker involvemend an their ideas to improve the way of



work as well as applied resources. Although thesgrams primarily focus on quality, their
side effect on labour productivity through betteogesses, resources and systems as well as
through higher worker motivation can be dramatiel¢8rs et al., 2008).

And as we already discussed, technology develomnesuch as automation and IT
developments, can also have a positive impact looulaproductivity (Pilat et al., 2002; and
Brynjolfsson — Hitt, 2003).

There are papers that seek explanations for primityctifferences through case studies.
Hayes and Clark (1986) compared 12 factories ieethcompanies. They identified the
following factors that affect total factor prodwsty the most: i) capital investment
(connected with labour learning), ii) waste redoct{due to less rejects), iii) reduction of
work-in-process (due to faster product cycle tinmsfaster feedback about product failures)
and iv) the reduction of confusion stemming from. iThese results can be easily connected
to the manufacturing programs, such as technolaygldpment, lean production or quality
improvement programs.

b.) The relationship between labour productivitpwth andbusiness growths less clear
(Siebers et al., 2008). As total productivity grovmeans the use of fewer inputs compared to
output, theoretically it can be an important fadgtochange in business success. We assume
that labour productivity might be also a good peeali of business growth and leads to
success in the long run. This is supported by ttahiger et al. (2008) who directly compared
revenue-based productivity measures with measurgshysical efficiency and found that
they are highly correlated. This allows us to irigege the relationship between productivity
and the business performance of the company.

However, we cannot forget that an increase in maleproductivity is only one side of
business success. The other side is that how cassothink about products might overrate
the effect of productivity achievements. It is egbuo think about the effect of the economic
world crisis: we can be very productive and contpetiif customers do not have money to
pay for products or simply do not need it. Therefaven if the productivity gains are clear,
for example when implementing a lean program,ntpdct on business-level performance is
fuzzy (Demeter et al., 2009). Nevertheless, depgndin how some contingency factors (e.g.
market dynamics, size, resource flexibility) workt,othe relationship between productivity
and business performance exits.

c.) Labour productivity can depend on sevamhtingency factorswe will address country
and industry effects here.

Bartelsman et al. (2009) showed significardss-country differencas firm characteristics.
The average size of firms, for example, varied Widscross sectors and countries. They
found that new entrants in high-technology indestrihave a stronger contribution to
productivity growth than new entrants in low-teclogy industries, leading to industrial
differences between any observed countries. Nolestheéhe authors also found that the
differences between these two groups (firms in {tégth vs. low-tech industries) vary even
more significantly across countries.

Following this line of thought, there are severakernational surveys that aim to compare
operations management practices and strategiemimugcountries Among them, Wacker et
al. (2006) studied productivity issues in 16 coi@strand found that the productivity of
resources varies. In some countries, productiooualvas the most productive resource,
whereas in others, non-production labour or capmak. It shows that the drivers of
productivity can be very different in various coues.

An important question is what kind ofdustrieswe investigate. In Wacker et al. (2006), the
small machine tool and non-fashion textile indestrivere used for the analysis, and
researchers did not find significant differencesMeen industries. Whybark (1997) also drew



the conclusion that in the production area, courmlifferences seem to be greater than
industrial ones. He used the same classificatiomaistries as Wacker (small machine tool
and non-fashion textile) to make his statement.ofgiong to Pagell et al. (2005), national
cultureis an important predictive factor of labour protivity. They examined how national
culture (for example uncertainty avoidance or imdlnality, see Hofstede, 1980) affects some
typical operations decisions, such as suppliergaets, or ratio of export. Based on these
results country-wise differences seem to be mopomant than industry-wise differences.

The problem and the research model

Business productivity has always been in the forgfof interest from both a macro and a
micro point of view, as can be seen from the adigeature review. However, this interest
has been greatly inherited by the spread of theeqtrof competitiveness. While productivity
was previously a kind of “internal” matter of ambeomy or a firm and was examined first as
part of the profitability measures, it has become of the central factors of comparison of
the performance of competitors under the ever-agirgy competition of the end of the 20th
century. Competitiveness became a keyword in gowem offices, boardrooms and job
shops alike, and productivity appeared as a maiablen of achieving long-term
competitiveness.

This well-known fact of a relationship between protlvity and competitiveness has
increased interest in exploring the relationshippodductivity at different levels of the

economy. As can be tracked in the literature cétbdve, the productivity of higher levels is
mostly measured by the aggregates of productivityower entities: macro productivity

comes from firm productivity, and firm productivitan be derived from process productivity
within the firm, of course always considering thiéeets of both the entity-wise and the
structural changes.

In this paper, we address this issue from the lovee®l: we examine how starting out from
operational level characteristics one can draw lesians regarding business and country-
level productivity. This bottom-up approach is ethnovel, and we hope it leads to
interesting conclusions.

Based on the literature review and the above r@éagorwe formulate the following
hypotheses:

H1: The impact of implemented operations improvetm@oegrams on labour productivity
change is greater than the impact of actual worgnagtices.

H2: Higher labour productivity change on the operal level leads to increased company-
level business performance.

H3: Industrial effects influence the effectivenedédabour productivity change drivers to a
lesser extent than country-specific effects.

According to our research model (Figure 1), wetfiidl) examine (i) actual working
practices and (i) implemented operations improuwamprograms as drivers of labour
productivity change. Next, the relationship betwé&dyour productivity change and business
performance change is analysed (H2). Finally, thatext is examined to see to what extent
the industry and/or the country (cultural, sodiegjal environment) affects (or more precisely
related to) the drivers of labour productivity cgan(H3).



Figure 1. The research model and hypotheses

Context: industry/country
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Survey data

We used IMSS (International Manufacturing Strat8gyvey) data for our analyses. IMSS is
a global network of researchers with the object¥estudying international manufacturing
strategies, their implementation and resulting greninces in operations and related areas,
such as supply chain management and new produetagewent. IMSS was initiated by Chris
Voss (London Business School, UK) and Per Lindi{@igalmers University of Technology,
Sweden) in 1992. Since that time, four rounds efgtirvey have been completed.

IMSS data are collected by national research grogpsy a standard questionnaire developed
by a panel of experts, exploiting the previousiedg of the research. The questionnaire is
translated, if needed, to local languages by OMessors. Although there is a suggested
method of collecting data (focus on better compangearch companies by mail and/or
phone, send out the questionnaire to contact pei@o& per company, usually a plant or
manufacturing manager in printed form, follow uphelp and inspire the contact person to
fill in the questionnaire), it is up to the natibmasearch team to make decisions on this
procedure. However, research teams have to pralatieabout the sampling procedure to the
global network.

For further details of the survey, see the sumnbagk of IMSS-I (Lindberg et al., 1998)
or some articles which used previous rounds ofsilmey (e.g., Frohlich and Westbrook,
2001; Acur et. al., 2003; Husseini and O’Brien, £200augen et al., 2005, Cagliano et al.,
2006).

The IMSS-IV data bank, the one that we use in {hper, extends to 711 valid
observations from 23 countries (mainly from Eurdp# also from all other continents but
Africa) for the time period between 2005 Februang 2006 March. Altogether, we sent out
guestionnaires to 4251 companies which means amsspate of 17% on valid answers.

In our paper, we use the data of 12 countries, evkie® number of observations is 30 or
above. Table 1 contains the structure of the data.

Table 1.: Distribution of companies by country and industry

Industry 1SIC code
Elec- Communi- Ins- Auto-  other Mis-
Country Metal Machine Office tronic  cation trument motive vehicle sing| Total
(28) (29) (30) (32) (32) (33) (34) (35)

Argentina 24 6 1 5 1 1 5 1 0 44
Belgium 16 4 0 4 4 0 1 3 0 32
China 7 10 2 13 2 1 3 0 0 38
Denmark 10 8 1 7 2 5 1 1 1 36
Hungary 22 9 0 4 6 1 9 3 0 54
Italy 8 19 0 4 7 1 2 4 0 45
New Zealand 12 13 0 4 0 0 0 1 @ 30




The Netherlands 20 13 4 13 0 5 3 5 0] 63
Sweden 26 20 0 9 4 5 12 5 1 82
Turkey 5 13 0 2 1 0 9 5 0 35
USA 13 0 3 1 1 2 4 8 4 36
Venezuela 20 0 0 3 0 0 6 0 1 3(
Total 183 115 11 69 28 21 55 36 1 52b

Operationalisation

Two sets of variables were used to find thivers of labour productivity chang®©ne group
of variables relates to everydawrking practicessuch as team size, multi-skilling, training,
incentives, suggestion systems, and autonoiftye other group containsnanagement
programs implementedh the last three years to improve manufacturiegiggmance (1-5
Likert scale). This latter group involves wider oggonal programs, which have an impact on
how people work. Examples are streamlining, putidoiction, various quality programs, the
use of IT and automation, and human-related prograime full list of questions can be found
in Appendix 1. Certainly, the two groups are notdpendent of each other. While
management programs are usually for initiating geam operating systems, everyday
working practices are the results of implementeshymms. Therefore, management programs
are more dynamic in nature.

We measuredabour productivity changdy comparing the current performance to that of
three years ago. A five-point scale was used wighfollowing content: 1 = deteriorated more
than 10%; 2 = stayed about the same; 3 = improyeiDbB30%; 4 = improved by 30-50%; 5 =
improved by more than 50%.

Four variables were used for measuringsiness performance changehange in gross
output, market share, return on sales, (ROS) angnren investment (ROI). The scale in
each case was the same as for labour productivégge (see above).

Analysis and discussion
Drivers of labour productivity change

To find the drivers of labour productivity, we diMd the sample into three groups on the
basis of labour productivity change. Group 1 inelsicompanies where managers reported
more than 10% decrease or the same level of lglragiuctivity in the last three years (1 or 2
on the scale). Group 2 contains companies wherectiamge of labour productivity has
moderately increased (score of 3). Group 3 consistompanies with high level of labour
productivity change (4 or 5 scores). We comparedetfiects of everyday working practices
(Appendix 2) and management programs (Appendixr8jabour productivity for Group 1
and 3 (called low and high productivity companies).

The more intense use of teamwork (both functiomal eross-functional), the higher level of
training and the higher self-dependence are chematit in dynamically improving (high
productivity change) companies. Each of these wextrefers to the higher autonomy and
motivation of people who have the required knowkdgeoplevant and are allowed and
ableto make changes to improve their own performance.

The rest of the working practices — workers invakhemt through suggestions, the use of
incentives, multi-skilled workers and rotation -e aot significantly different between the two
groups. It can mean that these practices are niobgortant in increasing productivity or that
they are not used heavily enough to have the sawe bf impact as former practices.



Suggestion systems as a part of lean managemediffecalt to implement in some countries
(and in some companies) where the culture is veffgrdnt from that in Japan. Also,
incentives can have different effects on workerbeyl are negatively correlated with
productivity change in the US{{.382, p = 0.034), which means that it actually ntets
increases in productivity. Workers might understaloat if they fasten their pace than next
time that the faster pace would be the standaadling them to have to work harder than ever
to reach the same bonus. Hungarian data are atseenofar from being significant, but the
use of incentives seems to have a positive effieqiroductivity there. As the living standard
is relatively low compared to developed countrigespple can be motivated to work better if
they can earn more. Anyway, the opposite directmithie US and Hungary findings suggest
that the various practices can evoke quite differeactions from people. It also supports the
remark by Millea and Fuess Jr. (2005): incentiveens to be the result of productivity in the
US, while they can be the drivers of productivityHungary.

Looking at management programs, the use of allobetprogram, technological integration,
is significantly more characteristic for the higleguctivity group. It means that companies
usually use several management programs in parHligiey try one program, they become
hungry to implement other programs, and they hawveenand more knowledge on how to
implement them.

The large differences between almost each manadgmagram between the two groups also
mean that programs targeting changes can increadedqgivity more radically than the usual
working practices themselves. On the one hand, dars be explained by considering that
while working practices are established charadtesiof companies, management programs
cause more dynamic effects. Therefore, the formaertave great influence on thevel of
productivity, while itschange which we examine, can be caused more by ther.laltee
method of work (static view, what we have now)hgd less relevant in higher productivity
change than the management programs or changesdives (dynamic view). The current
method of work, even if it includes such practiesscontinuous improvement, can result in
minor, incremental improvements. A radical increasgroductivity usually requires more
radical changes in everyday working practices.

On the other hand, another explanation can als@l@ Operations improvement programs,
due to their more complex effect on workers’ waslich as the resources, the materials, the
machines, the information they use, the differgagraaches they follow can impact labour
productivity more than human-related programs alditee changing conditions can motivate
workers and lead to increased productivity. Andnke change is followed by the next very
soon, people learn that nothing is more stable th&hchange itself: their organisational
resistance against change is reduced, and prognaiementations can be more successful.

On the basis of our results we can accept Hypathksihe impact of management program
implementations on labour productivity is largesthusing up-to-date working practices.

Relationship between labour productivity change hasiness performance change
Productivity is an important factor of businesscass. If the amount of inputs decreases for
the same level of output, that can mean a reduatiaost levels (if wages remain stable or
increase more slowly than productivity). This autdically leads to a profit increase.

Looking at the data (Table 2), we can see highgniicant correlations between labour
productivity changes and business performance @smanGompanies with higher labour
productivity could increase their business sucesssieasured by sales, market share, ROS or
ROI, or, alternatively, successful companies caunigest in increasing labour productivity.
Consequently, the relation between business pediocen improvement and labour



productivity is more direct than the relationshiptieen lean management and business
performance (Demeter et al., 2009). The resultsheaseen in Table 3.

Table 2: Correlation between labour productivity change and business changes

Standard | Correlation with Significance
deviation labour prod. (2-tailed)
N Mean change
Sales change in 3 years 479 2.94 1.088 0.153(**) 0.001
Market ratio change in 3 years | 417 2.46 1.004 0.233(*) 0.000
ROS change in 3 years 458| 2.56 0.863 0.188(**) 0.000
ROI change in 3 years 437 2.46 1.034 0.182(**) 0.000
Total business change in 3 yearn 398 2.59 0.777 0.230(**) 0.000

** Correlation is significant at the 0.01 leveHailed).

Table 3: Business change statistics (1-5 scale)’

Low productivity| High productivity 329;7-
N Mean N Mean F P
Labour productivity change in 3 years 140 1.94 102 4.12| 3546.77| 0.000
Sales change in 3 years 131 2.78 91 3.26 9.85 0.002
Market share change in 3 years 1p4 2.33 86 2.97 28.28 0.000
ROS change in 3 years 122 2.15 85 2.69 15.70 0.000
ROI change in 3 years 114 2.17 81 272 14.97 0.000
Total business change in 3 yéars 111 2.34 76 2.86 22.38 0.000

! Meaning of scale: 1= deteriorated more than 1@%; stayed about the same; 3= improved 10%-30%;

4 = improved 30%-50%; 5 = improved more tB&ko6
% The ,Total business change in 3 years” variable eraated by taking average of the sales, markeesROS,
ROI changes for each company.

The most significant correlation is with the markbtaire change, which suggests that labour
productivity can provide an important source of kedarcompetitiveness, probably through
price reductions. However, there might be an ogpasiation as well: increased market share
requires higher productivity from labour to satisfe increased demand. Furthermore, larger
volumes can have a positive impact on labour provdticthrough scale economies.

Each measures of business success change havednighation, but they reflect different
angles of company performances. We made a composlex of the four measures by
calculating their average. (Cronbach’s alpha i® @of the four variables.) The correlation of
this index with labour productivity is significa(gee the last row in Table 2). Therefore, we
can accept Hypothesis 2, that change in labourymtodty is closely and positively related to
change in business performance.

Country-wise and industry-wise differences

We used multidimensional scaling to see how coundiryd industry-wise differences are
related to one another. Due to the complexity @& pnocedure and the overall results we
obtained before for the relationship between labmoductivity growth and its drivers, we
focused our attention only on management programs.

Multidimensional scaling is an explorative statiatitool. The main assumption behind the
tool is the idea that every observation has an tegat of coordinates in space and more
similar observations are closer to each other. Wiheruse multidimensional scaling, we do
not have to build a model or assume a causal oektip or test a hypothesis. We use the



distances between the observations to create afrthpm in a reduced space (usually in two
or three dimensions) to reveal their hidden stmgctdhe aim is similar to the objective of
principal component analysis (Cox and Cox, 1994).

In our paper, we mapped the differences among degsnand industries in two dimensions.
Our objective was to identify which contingency ttaccauses larger differences in the
efficiency of labour productivity drivers. As a giag point, we used the correlation matrices
(see Appendices 4 and 5). In case of the counseggrately for each country we calculated
the correlations between labour productivity chaage each management program. Our data
matrix consisted of these country-specific correla (i.e., in the rows, we had the countries,
and, in the columns, the countries). Next, we usedtidimensional scaling (ALSCAL
method) with SPSS. The procedure was the samadaoisiries. Figure 2 shows the result for
the countries. The S-stress value is 0.1855, whapihesents an acceptable fit (values under
0.2 are acceptable). The RSQ (squared correlatrai)e is 0.82, which means that the
resulting 2D map in Figure 2 explains 82% of thiiah distances between the countries.
According to the map, the countries are distributedre or less evenly along the two
dimensions. Unfortunately, the multidimensionallisgadoes not tell us the exact meanings
of the dimensions. The researcher has to figurentbat by investigating the initial data
thoroughly, but now we are just focusing on thetriistion of the countries and the
industries. Figure 3 shows the result for the imdes. The S-stress value is 0.1451, which
indicates an acceptable fit. The RSQ (squared leioa) value is 0.919; that is, the resulting
2D-map in Figure 3 explains 92% of the initial distes between the countries. According to
the map, the industries are grouped together mghtlyt and are primarily different from
each other along Dimension 2. The only exceptiathesOffice industry, which lies far away
from the others along Dimension 1.

The distribution of countries and industries on 22 maps is the first indirect evidence that
country-wise differences are greater than indusige differences. Countries are spreading
all over the four quadrants, while industries carfdund in only two quadrants, if we do not
count the outlier, the Office industry. A secondirect evidence comes from the values of
the coordinates. If we compare the mean absoluteesaf both dimensions for countries and
industries (i.e., if we sum up all the absoluteueal of the coordinates and calculate their
average), we find that in the case of the countiiesmean absolute value is 0.764. This
value in the case of the industries is 0.724 (whigdps to 0.535 without the Office industry).
This also implies that industries are less scaltedeng the two dimensions than countries
are, which indicates that differences among indestire smaller than among countries.

We made some further analysis to uncover the realsehind the differences and it seemed
natural to start with the Office industry. We arsagl the correlation matrix that served as the
starting point for multidimensional scaling by fetng on correlations that are 1) quite strong,
and 2) these correlations in the Office industrywleen labour productivity change and
certain management programs are stronger tharathe sorrelations in other industries. (We
have to add here that the low number of observatiothis industry resulted in no significant
correlations between various programs and laboodumtivity change.) According to these
criteria, the Office industry differs from the othadustries in the following: i) process focus
(r=-0.538; all other industrial correlations aresjioe); ii) machine productivity (r=0.724; the
second strongest correlation is r = 0.344 in theaoAwtive industry); iii) automation
(r=0.567; the second strongest correlation is r.254 in the Electronic industry); iv)
delegation and training (r=0.682, the second s&engorrelation is r = 0.263 in the
Electronic industry); v) continuous improvementqr750, the second strongest correlation is
r = 0.543 in the Other vehicle industry). This medhat for the Office industry, machine
productivity, automation, delegation and continuauprovement are much more important
than other management programs as drivers of ptiwdycdmprovement. This also means
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that Dimension 1 on Figure 3 can be interpreteda dechnology-improvement axis. The
Office industry clearly stands out in terms of teslogy and improvement, while the other
industries are much more similar to each othehis tespect. This finding is in line with the
results of Girma and Gorg (2006). They decomposedproductivity advantage of foreign
multinationals into two components, the technole@gy scale effect, and they investigated
several industries. In case of the office machinang data processing equipment sector
(which is analogous to our office, accounting ammmputing machinery industry), they
observed significant average productivity growtlelotime, where technical progress was
responsible for the majority of this growth.

These results support Hypothesis 3 and give additisupport to previous studies made by
Bartelsman et al. (2009), Wacker et al (2006) orylddnk (1997). We have to add, though,
that more rigorous statistical methods are neededee whether these differences are
significant between countries and industries, whghen the limitations of this paper, should
be part of further research. If these differencappen to be significant, an interesting
research topic could be also the investigationhef éxact nature of the differences among
countries and industries.

Figure 2: Country distribution based on multidimensional scaling
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Figure 3: Industry distribution based on multidimensional scaling

|
Communicaton Mlatal
L™
1=~ o
MMachine
Wl
Orfics
o™
B o Auvtomotive
o0
E | 0o
o Electronic Instrument
E o U
(=]
A
Other
o]
T T T T
-3 2 -1 i} 1
Dimension 1
Conclusions

Our research was based on the hypothesis that tmpesdevel characteristics have a
significant effect on labour productivity changedyich influence business success. Also, we
assumed that these effects can differ by countdy lan industry. We found rather scarce
literature both on the subject of relationship kedw productivity at various levels of the

economy and on the differences that the environmeérdgperations (industry-specific and

country-specific ones) brings to productivity growtWe used the International

Manufacturing Strategy Survey questionnaire datdhe analysis.

The following main conclusions result from our arsa:

- There is a far higher correlation between managémpmygrams (programs that change
the way or method of working) and productivity gtbwthan between the latter and
everyday working practices. This can be explaingdth® more dynamic influence of
management programs. It also means that if compdraiee already applied the majority
of modern working practices and achieved great li®esin the beginning, their
productivity improvement necessarily slows dowretaif they do not make another
radical and successful change.

- There is a high degree of correlation between lalppaductivity change and business
performance change, measured by sales, market, $#@& ROI or by a composite index
of the four. It means that productivity usually dana relevant source of business success.

- It is very general, and we believe the importamiatasion that country differences in
production practices are larger than industry défifees. This calls attention to the limits
of globalisation of production and the importandeddferences in culture, habits and
social circumstances.

The above results provide important lessons foh bmimpany executives and economic
policy makers. It calls attention of the formerth@ importance of the continuous renewal of
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efficiency by radical improvement: if they do naohprove their OM processes, they can
hardly maintain their competitive advantage in tloeg run. On the other hand, this
innovation pays off; it is an important factor ofidginess success. On the other hand, our
analysis shows to economists and economic polickensathat, despite the sometimes
overestimated global effects, country-wise succassbe achieved by applying measures that
correspond to national cultures and other localuairstances.
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Appendix 1. Questions used for the analysis:

Working practices
1. What proportion of your direct employees’ compeiwsais based on incentives % of compensation
2. What proportion of your total work force work iretas?:

In functionalteams % In cross-functioteslms %
3. How many hours of traininger year are given to regular workfaPce hours per employee
4. How many of your production workers do you consitbebe_multi-skille® % of total number

of production workers.

5. To what extent do employees give suggestifmrsproduct and process improvemgnumber of
suggestions per employee per year, 1- no suggestifaw, about five, 5-many, more than ten)

6. How frequently do your production workers rothtgween jobs or tasks? (1-never, 5-frequently)

7. To what extent is your workforce autonomanperforming tasks? (1-no autonomy, 5 - high)

Management programs

Indicate degree of the following action programslemaken in the last three years: Effort in
the last three years (1 — none, 5 — high)

Expanding manufacturing capacity

Restructuring manufacturing processes and layoobtain_process focuend streamlining

Undertaking actions to implement pull production

Undertaking programs for quality improvemeamd control

Undertaking programs for the improvement of youripment productivity

Undertaking programs to improve environmental pennceof processes and products

Increasing_performancef product development and manufacturing througlg,, platform design,

standardisation and modularisation

8. Increasing the organisational integratlmetween product development and manufacturing

9. Increasing the technological integratioetween product development and manufacturing

10. Engaging in process automatiprograms

11. Implementing_Information and Communication Techiids and/or Enterprise Resource Planning
software

12. Implementing actions to increase the level of dafieq and knowledge of your workforce

13. Implementing the Lean Organisation Modbgl, e.g., reducing the number of levels and broedgthe
span of control.

14. Implementing Continuous Improvement Prograghreugh systematic initiatives

15. Increasing the level of workforce flexibilifipllowing your business unit’'s competitive strateg

Nogo,rwbhE

Per for mance measur es

How has your Sales/market share/ROI/ROS/labouryntddty changed over the last three

years? Compared to three years ago the indicasor ha
1 - deteriorated by more than 10%,
2 - stayed about the same -5%/+5%
3 - improved by 10%-30%
4 - improved by 30%-50%
5 - improved by more than 50%

16



Appendix 2: Use of working practicesin low- and high-productivity groups

Low productivity High productivity Significance
Working practices N Mean N Mean F (p)

Direct incentives (% of workers) 129 12.20 93 18.34 2.97 0.086
Functional teamwork (% of workers) 125 44.13 92 687. | 8.03 0.005
Cross-func. Teamwork (% of workers) 117 13.5¢ B7 .826 | 15.96 0.000
Hours of training/year 125 24.28 9l 35.07 4.60 0.033
Multi-skilled (% of prod. Workers) 132 54.67 98 39. 1.86 0.174
Worker suggestion (1-5)* 137 2.66 9D 2.89 3.20 B.07
Rotation of prod. Workers (1-5)* 134 3.07 100 3.23 1.55 0.215
Self dependence (1-5)* 134 2.90 101 3.22 655 0.011

* Meaning of scale: 1= not characteristic, 5 ghty characteristic ** Significance level for SME&sthin the low- versus high-productivity group

Appendix 3: Use of management programsin low- and high- productivity groups (1-5 scale)*

Low productivity| High productivity| Sign.
Management programs N Mean N Mean F (p)

Capacity expansion 138 2.99 99 3.5 15.08 0.000
Process focus 137 3.01 99 3.6b 18.41 0.000
Pull production 136 2.54 98 3.33 28.68 0.000
Quality programs 136 2.82 101 3.43 20.3p 0.000
Machine productivity 136 2.46 101 3.38 54.56 0.000
Environment 134 2.39 97 3.15 22.77 0.000
Product development improvement 135 2.31 99 3.7 597] 0.006
Organizational integration 135 2.68 99 3.0p 9.1 0.002
Technological integration 134 2.96 99 3.28 3.99 50.0
Automation 135 2.46 98 2.93 10.47 0.001
ICT and/or ERP 133 2.94 99 3.24 4.90 0.028
Delegation and training 136 2.70 101 3.0D 5.47 0.017
Lean model 137 2.53 99 3.09 16.87Y 0.000
Continuous improvement 136 2.65 100 3.20 13.88 0.000
Worker flexibility 136 | 2.85 100 | 3.25 8.60| 0.004

* Meaning of scale: 1= deteriorated more than 10%;stayed about the same; 3= improved 10%-30%irdproved 30%-50%; 5 = improved more than 50%
** Significance level for SMEs within the low- vars high- productivity group
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Appendix 4: Correlations between labour productivity and management programs by country (grey cells are significant at p = 0.05 level)*

Management programs ‘ Arg Bel Chi Den Hunm Ita NZ t Ne Swe Tur USA Ven
Capacity expansion Correlation 0.141 0.166 0.183 0.472 0.022 0.03p 0.088 0.3B1 039.| -0.276 0.342 0.231
Significance  0.400 0.419 0.324 0.013 0.901 0.859 0.774 0.015 69.1 0.147 0.081 0.301
Process focus Correlation 0.225 | -0.035 0.199| 0.465 | -0.044 0.299 0.049| 0.311 0.167 | -0.069 0.079| 0.431
Significance  0.175 0.864 0.284| 0.015 0.804 0.091 0.837| 0.022 0.191 0.723 0.693| 0.045
Pull production Correlation -0.097 0.180 0.199 0.251 0.126 0.47p 0.241 0.3R4 197M.| 0.052 0.378 0.132
Significance 0.564 0.380 0.282 0.207 0.47( 0.006 0.306 0.0L7 220.1 0.789 0.052 0.559
Quality programs Correlation 0.094 | 0.466 | 0.568 0290 0.016| -0.078 0.079 0.170 0.072 0.2B2 194.| -0.246
Significance  0.575 | 0.016 | 0.001 0.142 0.929 0.668 0.741 0.219 0.517 0.226 330.3 0.270
Machine productivity Correlation -0.124 | 0.100 0.568 0.376 0.03¢ 0.088 0.188 0.3] 0.281 0.181 0.287 0.157
Significance  0.423 0.628 0.001 0.053 0.823 0.62 0.478 0.0( 0.026 0.349 0.146 0.485
Environment Correlation 0.312 | -0.061 0.483 0.339| -0.073 0.18| 0.451 | 0.389 | -0.028 0.137 0.301| -0.132
Significance 0.056 0.766 0.006 0.083 0.674 0.30[ 0.046 | 0.004 0.830 0.479 0.127 0.557
Product development improy Correlation 0.002 0.441 0.370 -0.209 0.01¢ 0.198 0.090 0.0p7 .03 | -0.176 0.113 0.074
Significance 0.988 0.024 0.041 0.296 0.954 0.281 0.707 0.6B0 870.1 0.362 0.573 0.743
Organisational integration | Correlation 0.295 0.210 0.491 -0.028 -0.111 0.18p -0.194 0.0B60.048 -0.044 0.302 0.325
Significance  0.072 0.304 0.005 0.888 0.527 0.30L 0.413 0.585 080.1 0.820 0.126 0.140
Technological integration | Correlation 0.118 0.206 0.025 0.133 -0.206 0.11B  -0.350 0.251 .02 | 0.055 0.129 0.093
Significance 0.479 0.313 0.894 0.509 0.236 0.51B 0.130 0.067 530.8 0.775 0.520 0.679
Automation Correlation -0.093 0.475 0.364 0.319| -0.386 | 0.460 | -0.148 0.224 0.218 0.115 0.004  -0.025
Significance 0.578 0.014 0.044 0.105/ 0.022 | 0.007 0.535 0.103 0.086 0.553 0.98B 0.912
ICT and/or ERP Correlation 0.213 | -0.077 0.226| -0.207| -0.071 -0.000 -0.095  D.11 -0.031 0.146 0.129 0.123
Significance  0.198 0.707 0.222 0.300 0.687 0.96[L 0.691 0.418 080.8 0.451 0.520 0.586
Delegation and training Correlation 0.099 0.228 0.441 0.093 0.112 0.078  -0.24 0.219 | -0.020 | -0.085 0.281| -0.162
Significance 0.554 0.263 0.013 0.645 0.521 0.688 0.2§ 0.112 0.875 0.660 0.155 0.473
Lean model Correlation 0.057 0.192 0.183 0.277 0.158 0.18D 0.095 0.113 520.1 0.350 0.085 | -0.082
Significance 0.735 0.347 0.325 0.161 0.364 0.316 0.689 0.418 340.7 0.063 0.673 0.717
Continuous improvement | Correlation 0.144 -0.191 | 0.326 0.341 -0.076 0.124 0.083 0.11p 0.164 0.087 2910.| -0.120
Significance | 0.389 0.350 | 0.073 0.082 0.665 0.490 0.7217 0.42p 0.199 0.6563 410.1 0.593
Worker flexibility Correlation -0.063 0.296 0.255 0.245 0.074 0.289 | -0.058 0.221 0.166 0.217 0.278  -0.218
Significance 0.706 0.142 0.166 0.218 0.655 0.103 0809 0.108 0.194 0.259 0.168 0.329

* Correlations are controlled by industry and gizember of employees)
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Appendix 5: Correlations between labour productivity and management programs by industry (grey cells are significant at p = 0.05 level)

* Correlations are controlled by country and sizeniber of employees)

Correlations of labour productivity Communi- other
and ... metal machine | office electronjc cation | instrumentautomotiveg vehicle
Capacity expansion Correlation 0.108 0.111 0.456 0.179 0.446 0.510 0.308 -0.116
Significance 0.189 0.292 0.363 0.188 0.056 0.036 0.047 0.542
Process focus Correlation 0.119 0.057| -0.538 0.424 0.052 0.518 0.315 0.297
Significance 0.148 0.588 0.271 0.001 0.831 0.033 0.042 0.111
Pull production Correlation 0.006 0.271 0.250 0.377 0.249 0.480 0.300 0.412
Significance 0.945 0.009 0.633 0.004 0.304 0.051 0.053 0.024
Quality programs Correlation 0.000 0.072 0.256 0.280 0.546 0.014 0.138 0.287
Significance 0.999 0.495 0.625 0.036 0.016 0.959 0.384 0.124
Machine productivity Correlation 0.081 0.303 0.724 0.326 0.267 -0.062 0.344 0.185
Significance 0.322 0.003 0.104 0.014 0.268 0.813 0.026 0.327
Environment Correlation -0.041 0.292 0.336 0.324 0.017 0.315 0.150 0.358
Significance 0.615 0.005 0.515 0.015 0.946 0.219 0.343 0.052
Product development improvement | Correlation -0.069 0.009 0.248 0.200 0.017 0.289 0.215 0.304
Significance 0.401 0.929 0.635 0.139 0.947 0.261 0.171 0.102
Organisational integration Correlation -0.036 0.066 -0.051 0.290 0.367 -0.011 0.198 0.576
Significance 0.661 0.528 0.923 0.030 0.122 0.967 0.209 0.001
Technological integration Correlation -0.055 0.053| -0.206 0.212 0.216 0.092 0.218 0.157
Significance 0.501 0.615 0.696 0.116 0.374 0.727 0.165 0.406
Automation Correlation 0.012 0.171 0.567 0.254 0.076 0.041 0.097 0.065
Significance 0.883 0.101 0.241 0.059 0.756 0.877 0.540 0.734
ICT and/or ERP Correlation -0.103 0.034| -0.111 0.323 -0.223 0.100 0.274 0.344
Significance 0.208 0.747 0.834 0.015 0.359 0.703 0.079 0.063
Delegation and training Correlation 0.008 -0.011 0.682 0.263 0.000 0.124 0.232 0.160
Significance 0.919 0920 0.136 0.050 0.999 0.634 0.139 0.397
Lean model Correlation 0.120 0.088 0.431 0.190 0.320 0.028 0.098 0.271
Significance 0.142 0.402 0.393 0.160 0.181 0.914 0.538 0.147
Continuous improvement Correlation -0.060 0.082 0.750 0.272 0.007 0.235 0.285 0.543
Significance 0.465 0.437 0.086 0.043 0.978 0.364 0.067 0.002
Worker flexibility Correlation 0.130 -0.075 0.449 0.201 0.280 0.384 0.018 0.577
Significance 0.112 0.475 0.371 0.137 0.246 0.128 0.910 0.001
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