4 Firm level evidence: effects of ICTs on performance

This chapter uses firm-level data from the BLS (described in chapter 3) to examine two key
issues concerning the influence of computer use on firm performance:

« Has computer use raised the productivity of Australian firms and contributed to economic
growth?

« Was computer use complemented by other factorsin attaining productivity improvements?

To address these issues this chapter first outlines the association between computer use and
labour productivity of firms. Section 4.2 then overviews the analytical framework and
methodology used to analyse the impact of computer use on multifactor productivity (MFP)
growth. This is followed by sections 4.3 and 4.4 which report first, results concerning the
relationship between computer use and MFP growth and, second, the likely interaction between
computer use and other factors. This chapter focuses on the eight industry sectors analysed in
detail in chapter 3 (section 3.4, appendix A).

4.1 Characteristics of better performing firms

Using labour productivity as a measure of firm performance, data drawn from the BLS for 1996-
97 indicate that firms using computers are on average more likely to have had higher labour
productivity than those that did not (indicated by vertical productivity bars in figure 4.1). There
was also a tendency for firms that had used computers longer to also have had higher labour
productivity on average.

Figure 4.1 also reports information on the variability of labour productivity between firms within
each sector (measured as the standard deviation from the mean and shown by the vertical lines.
This information shows that variability is large in all sectors relative to the mean and it also
shows significant differences between sectors. For example, variation in labour productivity
between firms in the Construction, Transport & storage and Property & business services sectors
appears to have been greater than for firmsin other sectors.

The BLS also provides information on whether or not firms made use of a number of computer-
based functions. Figure 4.2 reports the relative productivity of users and non-users of computers
plus three functional categories — Internet access, Web presence and online marketing. In four
of these sectors — Manufacturing, Wholesale trade, Transport & storage and Property &
business services — users of each category had higher labour productivity than the non-usersin
1996-97. For remaining sectors, the relationship between use and non-use was mixed with BLS
data suggesting the labour productivity was higher for users in some categories but lower for
others (eg Construction and Retail trade). Again, there was very high variability (not reported in
figure 4.2) between firmsin each ICT use category.
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When firms are ranked according to their labour productivity to form ‘productivity quartiles’,
proportionately more firms in the highest quartile were computer users or had Internet access
and/or a Web presence than in other quartiles (figure 4.3). However, because of the substantial
variability in the level of labour productivity between users and non-users, there is no simple
progressive relation across quartiles that can be applied to each sector. For example, for
Manufacturing, the relationship between the incidence of firms using computers and productivity
appears strongly positive. On the other hand, for Retail trade, the proportion of firms using
computers in the first and second productivity quartiles is similar. And for Accommodation etc.
more firms in the lowest productivity quartile were found to use computers than in some higher
productivity quartiles.

Because of the high variation in labour productivity for both computer users and non-users, it is
difficult to use sectoral averages and simple comparisons of performance to draw inferences
about the influence of computer use on productivity. Also, firms that adopt ICT may already
have been the more productive firms. Thus, there may be either no relationship between the
length and intensity of use and productivity, or a more complex analysis is necessary to
disentangle the relationship if one exists. Regression analysis has therefore been used to examine
in more depth the complex relationship between computer use, MFP and labour productivity
growth, after controlling for other factors that may also influence labour productivity growth.
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Figure 4.1

Labour productivity by duration of computer use, 1996-97
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Source: ABS (Business Longitudinal Survey, 1994-95 to 1997-98 Cat. no. 8141.0.30.001; special tabulations by the

ABS based on the Main Unit Record File (MURF)).
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Figure 4.2  Labour productivity by functional use of ICT, 1996-97
Average (bars), $000 value added per person
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Source: ABS (Business Longitudinal Survey, 1994-95 to 1997-98 Cat. no. 8141.0.30.001; special tabulations by the
ABS based on the Main Unit Record File (MURF)).
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Figure 4.3  ICT use by labour productivity quartiles, 1996-97
Per cent
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4.2 Framework for analysis of the influences of ICTs on firm
productivity

Overview of methodology

The regression model adopted in this study is based on a production function approach derived
from a growth framework in which technological progress shows up as anew basic innovation or
general purpose technology (box 4.1). Viewing ICT as a new general purpose technology
provides a rationale for ICT contributions to MFP growth to be analysed in this general
framework. It also enables the introduction of ICT to be considered as part of a continuum of
change contributing to growth rather than as an ad hoc technological disturbance.

For empirical analysis, the underlying estimation model is expressed in its labour intensive form.
Formally, labour productivity is defined as y :% where Y is the level of value added output2®

and L isthe level of labour inputs. Similarly, capital inputs per unit of labour input are defined as
Kk =% where K is the level of capital inputs. Secondly, the model is specified in changes to
provide a basis for the incluson of growth dynamics in the analysis. The basic labour
productivity growth equation including ICT is:

V=P, +B.k+pB,ICT +¢ (4.1

where the dot over y and k indicates the logarithmic change between years in labour productivity
and capital intensity, respectively.26 The coefficient /3, is the elasticity of labour productivity
with respect to a change in capital intensity. It is the empirical equivalent to the technological
parameter 1— ¢« in the theoretical model (box 4.1). 3, =1—« would aso be equal to the capital

income share in output for firms characterised by constant returns to scae (CRS) with
competitive pricing of inputs. Where there is a prior understanding that these conditions

generally hold, the magnitude of the estimated A1 provides a useful qualitative test on the
specification of the estimated mode!.

[ represents the impact of ICT take-up on labour productivity growth and is a component of the
measure ‘multifactor productivity’ growth which is the subject of traditional productivity
analyses (and the focus of chapter 2 of this paper). A positive and statistically significant value
would indicate that the take-up of ICT has contributed to MFP growth. S, represents the growth
in labour productivity not accounted for by other factors. In traditional growth studies, 5, would
also provide an estimate of the MFP arising from all technological and organisational changes.
However, as the contribution of ICTs to MFP growth is being separately estimated in this study,
the definition of S is differs from that of traditional growth accounting studies.

25 This practice conforms to many other studies, for example Rogers and Tseng (2000), Atrostic and
Nguyen (2001), Baldwin and Sabourin (2001), and Hempell (2002).

26 That is, Y=I09(L] and K = |og[ﬁ}
Yt-1 kt—l
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Box 4.1 Outline of a model of technological change with an expanding
variety of products

One aspect of technological advance comes from basic innovations or new general purpose
technologies that can be regarded as being embodied in conventional physical and human
capital. A tractable way of considering this kind of technical advance is though models with an
expanding variety of products introduced by Romer (1986, 1990) and outlined and discussed in
Barro and Sala-i-Martin (1995, chapter 6). The basic product supply function aligned with these
theoretical contributions and adopted for this study is:

Y = ALA(K AN

where O< a <1, Y, is output, L; and K; are labour and capital inputs, respectively, and A, is
technological progress and improvements in organisation other than that attributable to
increased product variety. N represents technical progress through increased input variety and
takes the form of an increase in the number of specialised inputs ‘available’ to firms.

As information on the number of varieties (N) and changes in this number (n) that underpin the
expression of the theoretical model with an expanding variety of products is not directly
observable, it is necessary to adopt simplifying assumptions and approximations to complete
empirical models. In our study, we have replaced these theoretical variables with dummy
variables which take a positive value when a firm is an ICT user and zero otherwise. This
focuses the empirical model on the impact of ICT without reducing the generality of the
framework.

This augmented Cobb-Douglas production function exhibits diminishing returns to individual
inputs and constant returns for all inputs together. This specification provides a tractable way to
emphasise that long-run growth arises from technological advance and to model one kind of
endogenous technical change. The assumption of constant returns to scale also provides a
useful benchmark against which empirical results can be evaluated.

The model of expanding product variety is appropriate for analysing the impact of breakthrough
innovations, such as ICT, that provide a material increase in the number of input varieties. The
model also suggests that if the diffusion of ideas from one country to another is rapid, then
technologies in all countries would improve. This feature is particularly pertinent to Australia
which has been predominantly a user of ICT hardware technologies rather than a developer
and manufacturer.

The specification of the model was refined in a number of ways to complete two estimation

models. First, a basic estimation model was specified in which:

The basic model is specified more formally in box 4.2. Results from the implementation of the

the ICT variable was decomposed into five components with four indicating the duration of
ICT use to allow for non-linearities between the duration of use and MFP growth, and one

indicating whether a firm has Internet access or not; and

two variables were added to the model, one to account for conditional convergence in labour
productivity towards a ‘best practice’ and a second to allow for a possible underlying relation

between firm size and growth.

basic model are reported in section 4.3 below.
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Box 4.2 Specification of the basic regression model
Formally, the basic estimation model can be written as:

y = Bilog(yi_q) + B,9ze+ ﬁgk + Ba1|CT _dl+ B, ,ICT _d2+ B, 5ICT _d3+ 3, ,ICT _d4
+ B5_netacc

Where the variables Yy and k are defined in the text. The variable size is defined as full time

equivalent employment (the BLS variable _totfte). The four duration of computer ‘dummy’ variables
are: ICT_d1 (the BLS variable COMDUML1) that has a value of one if a firm used computers for less
than two years and zero otherwise; ICT_d2 (the BLS variable COMDUMZ2) that has a value of one if a
firm used computers for a ‘shorter’ period of time and zero otherwise (imputed for the years 1994-95
and 1995-96 on the basis of duration of use data collected in 1996-97 returns); ICT_d3 (the BLS
variable COMDUM3) that has a value of one if a firm used computers for between two and five years
and zero otherwise; and ICT_d4 (the BLS variable COMDUMA4) that has a value of one if a firm used
computers for five or more years and zero otherwise.

Because of data limitations, it was not possible to extend this methodology to Internet use or Web
presence variables. In our analysis, therefore, account has been taken of the extension of the use of
ICT, through these media with a single binary variable _netacc with a value of one for firms with
Internet access and zero otherwise.

While the basic model explores the central relation between ICT use and growth, it does not
elaborate on possible complementary relations between ICT use by firms and their level of skill
(or human capital), innovation, business practices and organisational changes. It also does not
take account of al information available from the BLS that may influence productivity growth in
its widest sense. To take account of these influences the basic model was augmented in two
ways:

first, the ICT variables, in addition to being entered individualy, were interacted with
organisational and technical factors to take account of the proposition that for firms to
achieve improvements through the use of ICT they must possess skill advantages, have
business practices that enable the assimilation of knowledge about new technologies and
undertake organisational change; and

second, additional growth variables suggested by the literature were added as independent
explanatory variables to control, as far as practicable, for firm specific productivity influence
not accounted for other factors.

The specification of the augmented model is outlined in box 4.3. Results from the augmented
model are reported in section 4.4.
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Box 4.3 Outline of augmented model with ICT complements

Formally, the empirical model is augmented with other variables and computer use interaction
variables as shown below. The dependent variable is the same as in the basic growth model —
logarithmic change in labour productivity. The explanatory variables in the augmented model include:

A regression constant

Bo

The basic growth and ICT variables

Bilogti_1)+ B.Szer Bk+ B, | CT_dl+ B, CT_d2+ 8,4l CT_d3+f3,,/CT_d4
+ [3;_netacc

Computer use interaction variables
+B61(ICT _d1* wagerate"2)+,...,
+ f7,(ICT _d1* _innova)+,...,+fBg; (ICT _d1* llinovat)+,...,
+ Bo1(ICT _d1* _busprac)+,...,+ 11 (ICT _d1* Ilbuspra)+,...,
+ 111 (ICT _d1* _busrebi)+,...,+ 8151 (ICT _d1* llbusre)+,...,

where the variables interacted multiplicatively with each computer use dummy (ICT_d) are: the wage
rate (squared) (wagerate”2) to represent human capital; innovation experience and the lag of
innovation experience (_innovat & llinovat); an index reflecting the intensity of adoption of 6 advanced
business practices and the lag of those business practices (_busprac & I1buspra) and an index of the
propensity of current and past year implementation of 11 major firm-specific organisational changes
(_busrebi & I1busre).

Other control variables

+p15 _buslocst B, _age+ S5l Inewbust Bgtolo+ B,; _randd+ S5 _expbi
+ Big __unionmer B,, _conout+ [, _arrawar+ Sy, _arrcont+ B _arrunrer 5,,_arrreg
+ Eit

The variables included in this group are: the incidence of multiple locations (_buslocs), firm age
(_age); new business status (ILnewbus); type of legal operation (tolo); ); research and development
(_randd); export status of the firm (_expbi); extent of union membership (_unionme); incidence of
contracting out activities previously done by own employees (_conout); type of employment
arrangements — awards (_arrawar); individual contracts (_arrcont); and unregistered & registered
agreements (_arrunre & _arrreg).

Details about the definition of model variables are provided in appendix B while an outline of
the rationale for including each item is set out in appendix C. Panel regression methods were
used to estimate of the basic and augmented models. Appendix D outlines the econometric
method used and choice of estimator and also canvases some key econometric issues relevant to
the current study.
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4.3 Growth effects of ICT use

Results for the basic model are presented in table4.2. The results describing the impact of
computer use on productivity growth are summarised in figure 4.4. This figure shows that:

coefficients on computer use are generally positive and statistically relevant for all the eight
sectors analysed; and

the impact of computer use on firm productivity growth shows a clear dynamic pattern
common between sectors. Under this pattern, the initial impact of computer take-up tends to
be negligible (or a small negative/positive). As the duration of computer use increases, so do
the positive effects on firm performance. Finaly, after a period of adjustment of around five
years, the productivity stimulus of computer take-up appears to have been largely completed
with growth returning to ‘normal’.

While the results show a clear dynamic pattern which conforms with the predictions of growth
theory, they should be interpreted cautiously as they do not incorporate changes in the intensity
of computer use and the variables for the earlier years in the survey period were imputed using
information collected towards the end of the period (see above).

The regression results in figure 4.4 also indicate that Internet access typically had a positive and
significant influence on productivity growth. (As mentioned above, available information did not
support the analysis of time profiles for this aspect of computer use.)

The more detailed results reported in table 4.2 indicate that the:

coefficients on lagged labour productivity (log(y:1)) are negative and significant, indicating
that conditional convergence is implied by the firm-level data. The coefficient on that factor
provides an indication of the adjustment period required to reach a new equilibrium
following a change in capital intensity. The results suggest that adjustment halfway towards a
new equilibrium would be: around three years for Construction;27 four years for Wholesale
and Retail trade; five years for Manufacturing, Transport & storage and Property & business
services; six years for Accommodation, cafes & restaurants; and twelve years for Cultural &
recreational services; and

coefficients on growth in capital per unit of labour inputs (ie capital deepening, kdot) are
generally of a similar magnitude to the capital share in value added, suggesting, in broad
terms, the data are not inconsistent with the benchmark technology with constant returns to
scale and competitively priced inputs. Nevertheless, the results for the Wholesale trade,
Retail trade, Accommodation etc sectors appear to be upwardly biased (according to the CRS
criterion) and Cultural & recreational services downwardly biased. Possible sources of bias
include: sampling differences between the BLS and national accounts and aggregation bias;
and firm restructuring and demand changes that occur simultaneously with investment
decisions; 28

coefficients on firm (employment) size (size) are negative and significant for four of the eight
sectors analysed indicating that on balance, coordination costs may increase with size.
Positive coefficients for the Manufacturing and Construction sectors, on the other hand,
suggest that size provides some productivity advantage for these sectors.

27 Calculated as [-1n(0.5)/-In(-0.638+1)/4] (Barro and Sal-i-Martin 1995, p. 37).
28 |n technical terms, the error term in the regression would be positively correlated with the change in

capitd intensity (kdot) for the Wholesale trade, Retail trade and Accommodation etc. and negatively
correlated for Cultural & recreational services.
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4.4 How other factors interacted with ICT use

This section extends the basic growth analysis to report results from the model augmented to
take account of the impact of interactions between computer use and key firm characteristics,
and to control for the influence of an extended range of other factors potentially influencing
growth and outlined in section 4.2.

The results for the impact of computer use are summarised in table 4.3. Results for the general
growth variables are repeated in this table as they were generally not sensitive to the changesin
model specification considered. However, in the case of Wholesale trade, the coefficient on
capital (kdot) aligned more closely with the national accounts capital-income share.

Table 4.3 shows that the impact of computer use taken alone tended to be of lower significance
than in the basic model (table 4.2). This can be attributed to a tendency for the combined effect
of computer use with firm characteristics (ie the interaction terms of the model) outweighing the
effect of computer use alone. Nevertheless, the results also suggest that computer use alone still
had a positive and significant impact on productivity growth particularly in the medium term
(represented by ICT _d2, d3). Generally speaking, the inclusion of interaction effects in the
analysis has indicated that the relation between the uptake of a new technology and productivity
growth is more complicated than portrayed by the basic model.

Figure 4.5 explores this issue by comparing the contribution of computer use to productivity
growth in the basic and augmented models. It repeats the contribution of computer use estimated
from the basic growth model (dark line) (from figure 4.4). It also shows the estimated impact of
computer use in combination with other selected factors (light line).

The main finding from this comparison is that the impact of computers inclusive of interaction
effects generally lies above the impact of computer use alone. In addition, the combined analysis
also indicates that the impact of other factors differs with the duration of computer use:

« firms using computers for less than two years appear to have little complementary
association with innovation, skill and organisational changes for most sectors;

« theimpact of computer use and complementary changes tends to generally taper off with the
length of computer use;

« for the Manufacturing, Accommodation etc and Property & business services sectors, the
dynamic pattern based on duration of computer use was maintained from the basic model.

« however, for some sectors the estimated dynamic pattern was modified, in particular:

— for Construction and Cultural & recreation services the complementary changes appear to
have had a substantial additional positive impact on productivity in the early stages of
computer use;

— for the Wholesadle trade, Retail trade, Transport & storage sectors and Cultura &
recreational services transition (or adjustment) costs appear to have been significant in
periods following the commencement of computer use. These adjustment costs were
identified with the reorganisation of firms as indicated by the total impact point (on light
line) lying below the partial point (on dark line). For example, the Wholesale sector was
subject to significant restructuring during the period, and it is possible that adjustment
costs estimated in this simulation are reflective of widespread reorganisation of the sector
(eg see Johnston et al. 2000).

Table 4.3 elaborates the relationship between computer use interactions and productivity growth.
Some important findings reflected in this table include:
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a positive relation between the interaction of computer use and skill (wagerate®2) on
productivity growth was found in all sectors. This relationship was generally maintained
regardless of the duration of computer use;

the interaction of computer use and the intensity of advanced business practices adopted by
firms in the current and previous year, respectively (ie _busprac and I1buspra) typically had
a positive and relevant impact on productivity growth in all but two sectors. Nevertheless,
some evidence that interaction of advanced business practices also induced adjustment costs
in certain circumstances is indicated by some negative coefficients. A similar picture
emerged with the interaction of computer use with organisational change variables (busrebi
and |1busre);

while the link between computer use and ‘innovation’ (ie innovat and |linovat) is frequently
mentioned in the literature, this relation is not widely evident in the current analysis. For
example, the interaction of computer use and product innovative activity of firms was
estimated to have had a positive relation with productivity growth for the Manufacturing
sector but mixed relations elsewhere. This may suggest that the key forms of innovation
relate to ‘input innovation’ in the form of organisational change and re-skilling. Input
innovation in these forms would be covered by other factors in the model. It may also suggest
that the relation between computer use, product innovation and productivity is more
complicated than modelled.
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Figure 4.4  Contribution of ICT to productivity growtha — basic model
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& Contribution of each ICT_d variable to average labour productivity growth evaluated at the BLS regression sample
means.

Source: Regression analysis based on the BLS Confidentialised Unit Record File (CURF). See ABS (Business
Longitudinal Survey, 1994-95 to 1997-98, Cat. no. 8141.0.30.001).
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Figure 4.5  Contribution of ICT and ICT with complementary factors to
productivity growtha — basic and augmented models
Percentage points
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& contribution of each computer use variable and its interaction effects to average labour productivity growth
evaluated at the BLS regression sample means.
Source: Regression analysis based on the BLS Confidentialised Unit Record File (CURF). See ABS (Business
Longitudinal Survey, 1994-95 to 1997-98, Cat. no. 8141.0.30.001).
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4.5 A re-aggregated view

Overall, the current analysis suggests that the use of computers had a positive impact on firms
productivity growth during a key mid-1990s period (figure 4.6). Computer use and Internet
access aone is estimated to have raised MFP growth for the eight industry sectors (as a group)
by over 0.11 percentage points per year over the period 1994-95 to 1997-98. Once the influence
of associated skill, restructuring and organisational characteristics of firmsis explicitly taken into
account, MFP growth is estimated to have been raised by a further 0.03 pointsto 0.14 percentage
points per year.

Noting the dynamic structure of the impact of computer uptake on MFP growth, as computer use
becomes established, the incremental growth in MFP would decline (although the level effects
would not decline). Growth theory would predict that future MFP growth would be contributed
by other technological and organisational changes.

Figure 4.6  Estimated contribution of ICTs to multifactor productivity growthap
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& Contribution of Internet access and computer use alone (hatched bars), and the contribution of Internet access and
computer use alone plus computer use interactions (spotted bars) evaluated at the mean of the sample of BLS firms
included in the regression analysis. b The contributions of the Manufacturing, Construction, Wholesale trade, Retail
trade, Accommodation etc, Transport & storage, Property & business services and Cultural & recreational services
are weighted by their Australian national accounts valued added share to form the group total reported. These BLS
sector activities cover around 52 per cent of GDP. Market sector activities (appendix A) not included in this analysis
are Agriculture etc, Mining, Communications services and Finance & insurance. Property and business services is
not included in the market sector in traditional productivity analyses (chapter 2).

Source: Estimates based on BLS data; EconData (2002).
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4.6 Main findings

Firm-level data for the mid-1990s suggests that businesses using computers had, on average,
higher labour productivity than non-uses. There was aso a tendency for firms that had used
computers longer to also have had higher labour productivity, on average. That said, the firm-
level data did not indicate the underlying reasons for the productivity differences (eg differences
in capital intensity versus efficiency differences) or explain the substantial variability in the level
of labour productivity across firms. These considerations suggest that it would be difficult to use
sectoral averages and simple comparisons of performance to draw inferences about the influence
of computer use on productivity.

In order to link firm performance, as measured by MFP, with use of computers, an empirical
model of economic growth was adopted. Simulations based on this model across eight industry
sectors suggest that:

« theuse of computers had a positive effect on MFP growth in the mid-1990s;
o the MFP effects varied across industries,

« the positive effect was largest in the earlier years of uptake but appears to taper off as firms
return to ‘normal’ growth after the productivity boost of the new technology; and

« the level of human capital or skill base within firms, firms innovation experience,
application of advanced business practices and intensity of organisational restructuring
interacted with the uptake of ICTs in boosting MFP growth, while the nature of the
complementary relations appeared to vary significantly between sectors.

Overdl, the analysis suggests that the uptake of computers was associated with a substantial
reorganisation of industry and ways of working and that these developments raised the level of
productivity amongst firms. The estimated contribution of these changes to growth over the
period 1994-95 to 1997-98 was 0.14 percentage points per year.

The analysis also provides empirical support for the proposition that adoption and spread of a
new genera purpose technology, such as ICTs, can contribute to economic growth, although the
intensity and duration of any individual contribution may vary between technologies and the
implications of each technology in different sectors.
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