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ABSTRACT

The technological- and organisational development 1992-1997, and the corresponding
changes of seven internal and four external performance measures of 56 Swedish firms
are analysed, as well as the way the change efforts are managed.  The general results are
that the firms have moved towards higher levels of decentralisation and automation. The
internal performance of the firms has improved if firms have upgraded the technology, or
both their technology and organisation. Investments in increased automation tend to im-
prove the quality performance of the firms, while the opposite result is associated with
the introduction of a more decentralised organisation. The results for the external per-
formance support that higher automation is related to higher quality, but this is at the ex-
pense of less flexibility in product change. The managerial implications discussed are if
firms should focus on improved technology, organisation or both, and how to manage the
change process.

INTRODUCTION

During the last decades many Swedish firms have undertaken different types of
”development” or ”change”-projects. Some of these have focused automation; integra-
tion and upgrading of manufacturing processes and control systems, while other firms
have focused on human resources and changes of the work organisation, i.e. focused on
changing technology or changing organisation. In both cases with the general purpose to
increase the performance of the firm, measured not only in financial terms but also in
terms of better quality, shorter lead times, and improved working conditions.

Some firms have increased their performance, while others have failed. Resent research
generally agrees that organisational issues are related to the success or failure of the im-
plementation of new and more advanced technologies. The opinions, however, differ
how to initiate organisational and technological change, and how to relate the improve-
ment efforts in time and focus. Ettlie recommended a synchronous and equal develop-
ment of organisation and technology (Ettlie, 1988). Bessant agreed, but he also found
that firms where organisation development preceded technology development tended to
be more successful than others are (Bessant, 1992). Twigg and Voss argued that the de-
velopment so far had been emphasising the technological rather than the organisational
aspects and that more attention therefore should be given organisational aspects (Twigg
and Voss, 1991). Sun distinguished between three different paths of development, the
technological oriented, the organisational oriented and the balanced path, and argued for
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an equal emphasis on organisation and technology development (Sun, 1993). He found
the balanced path to be the one most associated with a successful outcome. Contrary, a
study by Hörte and Lindberg indicated that a change process that focused on organisa-
tional issues was associated with a superior performance outcome (Hörte and Lindberg,
1994).

The explanation to these different results, or at least part of the explanation, might be
found in some other aspect of change. The method used to implement and manage the
change processes, in this paper called management of change (MoC), seems to have a
substantial impact on the performance (Norrgren et al 1996).

PURPOSE

The purpose of this paper is to analyse the impact on performance of two contrasting de-
velopment philosophies, i.e. combined or separate development of work organisation
and/or of technology, taking management of change aspects into consideration.

RESEARCH METHODS AND EMPIRICAL BASIS

Development processes at 56 out of the 70 manufacturing firms earlier studied by Hörte
and Lindberg (Hörte and Lindberg, 1994) are examined. While the previous study con-
sidered the years 1988 and 1992, this follow up study considers the following five-year
period. All the originally chosen firms were well known for successful change-projects.

In the previous study two different scales were used to measure the technology and or-
ganisation aspects. The technology and organisation changes of the firms were related to
performance changes during the period. Both internal performance and external perform-
ance were measured (Hörte and Lindberg, 1994).

In this follow up study the same three aspects are studied:  the development of technol-
ogy and of organisation, and the development of performance. Measuring scales are de-
veloped for each development aspect. The scales are based on the scales used in the pre-
vious study, and on a literature survey. The scales were tested in a pilot study in three
firms. The results of the pilot study lead to some changes of terminology, as some terms
were found to be used in a different way at different firms and even by people within
them.

The technology scale, T-scale, consists of eleven levels, ranging from the all manual
non-autonomous technology to the fully automated production, see figure 1A. The more
automated the production, the higher is the level on the scale. The organisation scale, O-
scale, consists of eight levels ranging from a hierarchical or centralised organisation to
the fully decentralised or devolved work organisation, see figure 1B.The more devolved
decentralised organisation the higher level along the scale.

The scales are used to position each firm on the scales at two discrete points in time. The
amount of change that has taking place during the time period is indicated by the differ-
ence between these positions. The O- and T-scales are not identical with the scales used
by Hörte and Lindberg (Hörte and Lindberg, 1994), but they are comparable.

In contrast to the O/T-scales the MoC-scale is not intended to measure any positions at
different points in time. It is used to measure, or characterise the actual process of change



Figure 1. A, The technology scale. B, The organisation scale.

during a period of time. The MoC-scale distinguishes the type, direction, scope and strat-
egy of change. Type, direction and scope bear much in resemblance to Childe et al.
(Childe et al, 1994), while strategy of change is concerned with the concepts of pro-
grammatic strategy and learning strategy developed by Norrgren et al. (Norrgren et al,
1996) see figure 2.

Figure 2. Three aspects of MoC.

Performance, being the dependent variable, is measured using the scales earlier devel-
oped by Hörte and Lindberg (Hörte and Lindberg, 1994), see figure 3.

Data were gathered in fall 1997 by structured telephone interviews and in some cases
through firm visits, mostly addressing the firms’ production and/or personnel managers.
Two members of the research group independently coded the results of the interviews.
Each firm’s position on the O- and T-scale was estimated for the years 1992 and 1997
respectively. The MoC aspects were estimated in a similar way, resulting in a specific
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Figure 3. Performance. A, “100” indicates the level at 1992. B, “-“ indicates a develop-
ment worse than, “+” better than and “0” as the competitors.

measure for each firm, taking all the MoC-aspects into consideration.

RESULTS AND MANAGERIAL IMPLICATIONS

All of the 56 studied firms had undertaken some kind of change or development during
the period 1992-1997. Some of these changes, however, did not result in a change of po-
sition on the used scales of measurement. For example, a replacement investment in
equipment, although the new equipment perhaps is faster and easier to handle than the
previous equipment, may not lead to a changed level on the T-scale.

As figure 4 depicts, nine out of the 56 firms have not moved along the O- or T-scale.
Five firms have only moved along the T-scale and 16 only along the O-scale. Just one
firm has moved in a negative direction, on the O-scale.

Twenty-five firms have undertaken a combined change. Out of these, 15 have moved
more steps along the O-scale than on the T-scale, while four have moved more steps
along the T- scale.

As shown in figure 4, the level of automation as well as the level of decentralisation gen-
erally has increased during the time period 1992-1997. In 1992, the majority of the firms
were positioned on the T-scale in the “manual-“ or “NC/CNC production”-zone. In 1997
the majority is positioned in the “NC/CNC” or the “automated production”-zone, indi-
cating a general increase towards a higher level of automation. Still, 50 percent of the
firms, just a slight increase compared to 1992, rely on NC/CNC technology. About a
third of the firms have moved from one zone to another. Only one firm has moved as far
as two zones, i.e. gone from manual production to automated production.

In 1992 a majority of the firms was positioned in the “centralised” and “some decentrali-
sation” zones on the O-scale. In 1997 a majority is instead positioned in the “some

  +
(better)

  0
(same as)

  -
(worse)

t1 (1992) t2 (1997)
100

Internal
Performance

Time

Internal performance

ü Unit cost
ü Productivity
ü Total lead-time
ü In time deliveries
ü Quality
ü Absenteeism
ü Personnel turnover

External performance
(in compare with competitors):

ü Unit cost
ü Flexibility in product change
ü Quality
ü In time deliveries

External
Performance

Time

A

B

t1 (1992) t2 (1997)



Figure 4. Magnitude and direction of organisational and technological changes during
the period 1992-1997.

decentralisation” and “decentralised” zones. More than half of the firms are in the
“decentralised” zone, indicating a general tendency among the firms to move to a higher
level of decentralisation. 44 percent of the firms have moved from one zone to another
while 15 percent have moved two zones, i.e. gone from a centralised organisation to a
decentralised organisation. Generally the centre of gravity has to a higher extent moved
on the O-scale than on the T-scale, indicating an organisational rather than a technologi-
cal focus of change. The direction and magnitude of the leap taken by each firm is
further illustrated in figure 5.

In total 30 firms have undertaken technology changes, 41 organisation changes and 24
firms both technology and organisation changes. In Table 1 a distinction is made be-
tween these groups and the performance development of the firms. The performance of
firms that have changed position on the scaled are compared to those that have not.

The internal performance, i.e. within the firm, has generally increased during the period
in most of the firms, and so has the external performance, i.e. performance compared to
competing firms.

When it comes to internal performance, the results indicate that a higher proportion firms
undertaken a technological, or a combined technological and organisational develop-
ment, have improved there internal performance on all seven measures, compared to
those that have not done so. The highest percentage difference, although not a significant
difference, is for the development of quality. A higher level of automation seems to be
related to an increase of quality performance, but a change towards a decentralised
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Figure 5. Magnitude and direction of leaps of change taken by each firm.

organisation seems to point in the opposite direction. The proportion firms that have
changed position on the O-scale, and with an increase of quality, is actually lower than
the proportion firms with no change on the O-scale.

Table 1. Performance of firms that have developed their technology and/or organisation
compared to firms that have not.

Percentage difference, %D =% firms that have changed level on scale - %  not changed firms
A. Performance change (in-
crease if x >105, reduction if
x<90)

%D on Tech-
nology devel-
opment scale

%D on Organi-
sation develop-

ment scale

%D on Technology
and organisation de-

velopment
Unit cost reduction 13    4 15
Productivity increase   3    0   4
Total lead time reduction   3    1 17
In time delivery increases 15    0   8
Quality increases 17 -19 11
Absenteeism reduction 12 -14   2
Personnel turnover   5  - 4 12
B. Performance change
(Superior to competitor)
Unit Cost   4  -5  -2
Quality 22 -19  19
Flexibility in product change  -49***  37** -33**
In time deliveries  4  -5    9

Note: A. Plus indicates that a higher proportion firms have improved (increase or decrease), while a minus
sign indicates that a majority of firms have a decreased performance. B. Plus indicates that a higher pro-
portion of firms consider their own development superior the competitor’s while a minus sign indicates the
opposite. (Levels of significance, Pearson Chi2, *=0.1, **=.01, ***=.001)

This pattern is the same for "external quality": a higher proportion of the firms with an
increased position on the T-scale reports an increase, compared to firms that have not
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changed position, while the opposite is true for changes on the O-scale. There seems to
be a similar difference of effects on "flexibility in product changes" as on "quality", but
in the other direction. Changes on the O-scale are related to improved flexibility, while a
higher level of automation is related to a decrease in flexibility.

These results are partly expected as a higher degree of automation tend to increased pre-
cision (quality) in the production process, but also to reduce the flexibility. A superior
flexibility is expected for devolved organisations, but the inferior development of quality
is not as obvious. QFD, quality circles related and other quality efforts are O-scale re-
lated, and they aim for increased quality.

Some of the firms have moved several steps on one or both scales, i.e. taken a leap, see
figure 5. Calling these firms "frogs" and the cautious moving firms "snails" one can dis-
tinguish between frogs and snails on the O- and T-scales. A "frog" is a firm that moves at
least three steps on a scale, and doing so moves from one zone (see Figure 4) to another.
Most of the leaps, and also longest, are taken on the O-scale. 27 out of the 55 firms turn
out to be O-frogs, compared to 15 T-frogs. Both T- and O- frogs show, compared to the
snails, performance increases for most of the internal performance measures.

Comparing internal performance of T-frogs and T-snails, the proportion T-frogs is larger
on all measures except for productivity and quality. The differences are significant for
the increase of in time deliveries, for total lead time and personnel turnover reduction,
see table 2.

Table 2. Frogs, snails and performance.  
Performance change  (increase
if  x>105, reduction  if  x<90)

Tech
Frogs

Tech
Snails

Tech %
difference

Org
Frogs

Org
Snails

Org  % dif-
ference

Unit cost reduction 60% 55%  5 56% 57% -1
Productivity increase 73% 78% -5 81% 72%   9
Total lead time reduction 73% 51% 22* 63% 52% 11
In time delivery increases 73% 46% 27** 56% 52%   4
Quality increases 60% 61% -1 67% 55% 12
Absenteeism reduction 67% 54% 13 56% 59% -3
Personnel turnover 27% 10% 17* 19% 10%   9
Performance change
(Superior to competitor)
Unit Cost 54% 53%   1 61% 45% 16
Quality 60% 53%   7 65% 46% 19
Flexibility in product change 64% 50% 14 57% 52%   5
In time deliveries 67% 45% 22* 65% 40% 25**

Note: Levels of significance, Pearson Chi2, *=0.1, **=.01, ***=.001

A larger proportion O-frogs is found on all measures except unit cost, and absenteeism
reduction. The largest difference is found on quality increase and total lead-time reduc-
tion, but the differences are not significant. The results for both O- and T-frogs on exter-
nal performance are positive, indicating that a larger proportion frogs than snails con-
sider themselves superior to their competitors.

The managerial implications of the results of the study are to be found on two levels:
what to focus on (O-, T-development or both) during a change process and how to
manage the change process. The focus issue should not be addressed separated from the
competitive and manufacturing strategies of a firm. A focus on technology and/or or-



ganisation development is to be answered in a strategy context, and not isolated. The
general ability to change, i.e. taking necessary leaps seems, however, to be important to
gain and maintain competitive advantage.

When it comes to the management of change, the firms emphasise different, and some-
times contradicting, aspects on how to successfully change. Many firms mention prob-
lems related to organisational changes, for example the problem of defining new roles
for middle management. On a direct question, a majority of the firms report that they
have used an incremental rather than radical change approach. The majority prefer to rely
on a low risk "snail" approach rather then a "frog" approach that are related to a higher
degrees of risk of failure.

This is a first brief analysis of the material collected during the interviews, the aspect of
MoC is to be further examined and the results compared to those of the previous study
concerning the period 1988-1992. For some firms organisational changes initiated before
1992 have developed and “matured” during the period 1992-1997. Therefor the perform-
ance effects reported above maybe are the results of changes taken place before 1992.
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