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Abstract

This research is concerned with heating and ventilating contractors, focusing on their growth
and survival from 1945 to 1996. This study of 2,100 individual members of the Heating and
Ventilating Contractors Association, (HVCA) over a period of 50 years has been placed in the
industrial context of the wider heating and ventilating industry, the construction industry and
the economy as a whole.

The aim of this research is to study the behaviour and performance of a group of specialist
firms in the construction industry. Using the annual wage returns of the members of the
HVCA one of the main aims of this research is to demonstrate that firms’ survival is related
to their life time average rate of annual growth. The research has found that those heating
and ventilating firms that grow within a given range tend to survive longest, although growth
rate is by no means a predictor of success and survival. However, it is argued that although
firms need to grow in order to survive, in a market that is not growing in aggregate, the
growth of all individual firms is not sustainable in the long run and consequently not a single
major firm has survived as an independent legal entity.

The research found that since the Second World War two distinct periods (one of growth
followed by one of stagnation) can be detected in the data. The heating and ventilating
industry increased as a proportion of total construction output up to 1972 but from then until
1996 the heating and ventilating share of construction output did not grow. However, the
volatility of heating and ventilating output increased after 1972 and the response of firms to
these conditions has been a tendency to casualise employment and concentrate on the design
and managemeént aspects of heating and ventilating installations.

The theoretical issues of this research relate to the market structure, conduct and performance
paradigm, business cycles and population ecology. Taking the membership of the HVCA as a
whole, the concentration of the heating and ventilating industry appears to have declined
slightly during the period of the study.
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Part 1 Introduction



Chapter 1 Introduction - the heating and ventilating industry: an examination of a
core sector of the real construction industry

“Most firms in the construction industry are either small, private companies,
partnerships or sole traders, and very little statistical information of a financial
character, or indeed non-financial character, is available for this highly important
sector of the industry.” Fleming M.C., (1980), Construction and the Related
Professions, Pergamon, p.252.

1.1 Introduction

1.1.1 This thesis is about the heating and ventilating industry and heating and ventilating
engineers. At the level of the industry it is concerned with changes in demand and changes in
industrial structure. At the level of the firm it is concerned with the relationship between the
rate of growth and survival.

1.1.2  Much research into the construction industry has focused its attention, though not
exclusively, on main contractors, as has most of the literature, including text books like
Raftery (1991), Ruddock (1992) and Gruneberg (1997) or even the more advanced works like
Ball (1988), Hillebrandt (1984) and Hillebrandt and Cannon (1989 and 1990) and papers
such as Kale and Arditi (2001). Most commentaries on the construction industry are given
from the point of view of main contractors, usually assuming them to be large firms. Clearly
Latham (1994) and Egan (1998) both refer to subcontracting but the former is mainly
concerned with the problems of main contracting and large projects and the latter is focused
on clients’ needs and demonstration projects.

1.1.3 They examine the construction industry from the point of view of main contractors
who engage subcontractors to carry out specialist work packages, while retaining a large
proportion of value adding work for themselves. However, this perspective has become
increasingly obsolete as main contractors have shed direct labour and used less and less of
their own equipment. Although their management role ensures that a high percentage of the
construction costs of clients is retained by main contractors, a smaller proportion of the
actual building process is undertaken in-house than previously.

1.1.4 Instead the strategy of survival of main contractors has been to use specialist
contractors, to employ labour only subcontractors, and to hire plant. Currently, main
contractors have transformed themselves into management contractors providing professional
management skills and knowledge. Therefore a gap, though by no means a vacuum, has
opened up in the literature concerning the central role of specialist firms in the construction
industry. Relatively little work has been carried out on subcontractors apart from
Hillebrandt (1971), Clarke (1981), Ive (1983), Gray and Flanagan (1989) and most recently
Hughes, Gray and Murdoch (1997) and Constantino, Pietroforte and Hamill (2001).



1.1.5 This study also discusses construction from the point of view of subcontractors,
which are often only small or medium sized enterprises (SMEs) as are the vast majority of
firms in the construction industry (Fleming 1980 p.252). The official definitions of small and
medium sized firms are frequently altered to reflect inflation or government policy. Table
1.1 presents the official definitions current in 1992 and 1999. To qualify as a small or
medium sized company, a firm had to meet at least two of the three criteria. In 1992 small
enterprises employed less than 50 persons with a gross aggregate turnover of less than
£3.36m, and net assets of less than £1.68m. Similarly, medium sized enterprises employed
between 51 and 250 persons with a gross aggregate turnover of less than £13.44m and assets
up to £6.78m. In 1999 although the number of employees remained the same, the financial
definitions had become more restrictive.

Table 1.1 Maximum size of small and medium sized enterprise in 1992 and 1999.

1992 1999

Measures of size Small Medium | Small | Medium

Gross aggregate turnover not more than; | £3.36m | £13.44m | £2.8m | £11.2m

Balance sheet total not more than: | £1.68m | £6.78m | £1.4m £5.6m

Av. weekly number of employees not more than: 50 250 50 250

Sources: Oldcorn, (1996) p.74
Companies House, (1999) Accounts and Accounting Reference Dates, Companies House, Cardiff p.12

1.1.6 Itis generally small and medium sized enterprises, which actually carry out the work,
transforming materials and prefabricated components into finished buildings. They form the
core of the real construction industry, and are the centre of a continuous battle for survival as
conflicting interests compete to off-load risks during the building production process.

1.1.7 Main contractors have increasingly become detached from the process. According to
Gray and Flanagan (1989, p.10) the process of increasing the degree of subcontracting in
construction had been completed by 1989, by which time 90 per cent of work was being
subcontracted. Main contractors have increasingly focused their efforts on organising and
managing projects and the building process on behalf of clients, because of the need to co-
ordinate the collection of disparate firms from different technical backgrounds required for
the completion of a building. These specialist firms are usually hired on an ad hoc basis as
and when required by main contractors and form several specialist sub-divisions, markets or
industries within the construction sector.

1.1.8 Gray and Flanagan (1989 p.9) describe building work on site as a process of
assembling prefabricated components. It is a mixture of many traditional trades and updated
techniques, materials and plant. As the number of manufactured components increases, the
firms supplying these are often used to assemble them on site employing their own dedicated
and trained workforce. Other firms specialise in fixing particular types of components
supplied to them by particular manufacturers. This is the case, for example, with heating and
ventilating contractors.
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formed ‘a very small part of the industrial whole and was a very recent development as a
branch of engineering’ (AHVDEE, 1949 p.119). Since then the heating and ventilating
industry has grown in size and importance relative to plumbing as illustrated in Figure 1.1.

1.1.14 To view the relative importance of the heating and ventilating specialist
subcontractors as a group of firms studied in this research, Table 1.2 shows the number of
firms operating in various years, including 1990 when the number of firms and employment
in construction peaked. The percentage of employment in each type of firm is also given for
1985 and 1996. Heating and ventilating only constituted 6 per cent of employment of all
trades in 1985, dropping to 5 per cent by 1996.

Table 1.2 Number of heating and ventilating contractors compared to different types of
building firms between 1973-96 and employment in 1985 and 1996

Trade Number of firms Emp. % °
1973 | 1977 | 1985 | 1990 | 1996 | 1985 | 1996

General builders 39659 | 31889 | 67475 | 78981 | 50615 | 34 26
Building and civil engs. 2364 | 2054 3623 4773 4984 | 15 9
Civil engs. 2114 | 1633 2662 3742 | 10781° | 6 8
Total main trades 44137 | 35576 | 73760 | 87496 | 66380 | 55 43
Heating and ventilating 3284 2906 8461 9624 6697 6 5
contractors
All other trades 49155 | 39160 | 85604 | 112673 | 90238 | 39 52
Total all trades 96576 | 77642 | 167825 | 209793 | 163315 | 100 100

Source: Housing and Construction Statistics 1978-88 and 1987-97 Tables 3.1(b) and Table 3.5 (b)

Notes: ' Table 3.1(b)

? Percentage of total construction employment

? There is a discontinuity in the series in the series of civil engineers between 1995 and 1996 relating to increased
coverage especially of firms with 7 or fewer employees, which accounts for the rise in the number of firms

1.2 The essential model of the construction industry

1.2.1 At the inception stage a project may be little more than a set of ideas, drawings and
contracts involving the developer, designers, and other consultants. Once production gets
under way the essential model of the construction industry as a process of transformation
begins with materials and component suppliers, who provide the material inputs into the
process'. These inputs are then transformed into buildings or other built structures by
subcontractors who undertake the work on site usually in the form of work packages which
define their specialist role. Main contractors take overall responsibility for the production

1 . . . .
For simplicity of usage, management contractors will be treated as a form of main contracting, and
trade contractors working under a management form of contract will be treated as subcontractors.



process and may or may not contribute to the actual assembly processes on site. For
developers it is only on completion that a physical output exists.

1.2.2 Figure 1.2 shows the progression of materials and components through the assembly
process to the finished building in 3 phases - prefabrication, fabrication and post-fabrication.
The main contractors and subcontractors undertake the core of construction fabrication
activity. Other participants in the building process include architects who design, quantity
surveyors who cost and monitor, and property agents who market the finished product.
However, they are not considered central to an understanding of the production processes
involved, because their roles can be subsumed within the firms or organisations described in
Figure 1.2 without loss of meaning. To some extent their roles have been externalised in
construction. Similar tendencies can be seen in manufacturing industry which appears to be
increasingly adopting market transactions as a means of employing expertise, such as
management consultancies, telephone sales and computing services.

Figure 1.2 Types of firms involved in the three phases of construction production

Phase 1: Prefabrication

Manufacturers (raw materials | |
| and building components) |

S r _______ -
—-‘—H Subcontractors ‘

Phase 2: Fabrication |
(specialist firms)

|
= ‘

‘ Main contractors \

e e

Developers (public ’ |
’L and private) |

1.2.3  Using the model shown in Figure 1.3, it can be seen that demand is put to the
construction industry through orders given to main contractors, who in turn pass instructions
on to subcontractors (in this case heating and ventilating engineers) through a tendering
process. Of course specialist firms may be nominated by architects or developers, though
Hughes, Gray and Murdoch (1997, p.25) point out the recent decline in this practice. It is
also understood that construction management procurement systems entail direct contracts
between clients and specialist firms. However, even under construction management
systems, the co-ordination of work is carried out through the construction manager, who
usually selects specialist firms through a competitive tendering process to find the lowest
price specialist. Main contractors thus mediate construction demand put to subcontractors.



1.2.4 As specialist contractors come sandwiched between main contractors and materials
and component suppliers, they in turn mediate demand for their supplies. There is little
research on manufacturing suppliers to the construction industry, though for some studies of
brick and cement, see Construction History Journal. Links between construction and the
industries providing inputs into the building process may be described as ranging from weak
to strong, depending on the degree of interdependence of specific types of specialist
construction firms and their suppliers. Broadly speaking three types of linkage may be
identified. Strong links exist where construction is the exclusive or almost exclusive user of
the output. Such a relationship exists between heating and ventilating contractors and heating
and ventilating equipment manufacturers. Weak links characterise those industries in which
producers supply a number of industries besides construction. Glaziers, for example, may be
said to have weak links with the glass industry, which provides material inputs into the
automotive industry, fibre optics, the glassware industry and the light-bulb industry as well as
providing windows for buildings. To the extent that building only constitutes a proportion of
demand for glass, the links between the two industries are weakened. Finally, there are
specialist firms in the construction industry with no established links with outside industry,
such as demolition contractors.

Figure 1.3 Model showing relationship of
the heating and ventilating contractors’ industry to resources and construction demand

Economic conditions

LDeveloper clients Derived demand
for construction

Competitive tendering \
Negotiation

Main contractors l

Specialist labour
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1.2.5 Input-output tables make it quite clear that a sizeable proportion of output from other
industries as a whole forms the material and component inputs of the building industry.
Having entered the construction process, these inputs become the base on which construction
firms add value. Because the value of prefabricated components has increased as a
proportion of final building costs, the share in final building costs of site operations has
declined. Manufacturers, subcontractors, and main contractors therefore compete to receive
a share of the final construction costs and main contractors and subcontractors also compete
for a share of value added. Competition within the construction industry is discussed in
Chapter 10 Section 4, with regard to the position of heating and ventilating contractors and
market penetration by different types of construction firm. This study focuses on the
difficulties faced by a particular group of subcontractors in this conflict and their ability to

survive.

1.3

1.3.1

Subcontractors and their main contractors

Construction firms are continuously buffeted by changing market conditions.

Because of their need to be flexible, main contractors and clients use specialist firms, which
provide specialist skills and equipment. In Table 1.3 Ball (1988 p.123) shows that the
proportion of work subcontracted in construction increases the larger the firm. The 38
largest firms employed 11 per cent of the workforce and produced 18 per cent of the gross
output of construction, of which they themselves carried out 60 per cent of the work and
subcontracted the other 40 per cent to other firms. In effect the largest 38 firms only carried
out 14 per cent of the total value of work done even as early as 1982.

Table 1.3 Size of construction firms and the amount of work subcontracted in 1982

No. of Gross Value of Average value of

Size of firm firms | Employment’ % | output’ % | work done % | work subf/t:ntracted4
1-7 | 125619 28 18 20 15
8-24 | 13624 18 14 16 17
25-144 4324 20 21 22 23
115-599 714 16 22 20 33
600-1,199 76 6 8 7 34
1200+ 38 11 18 14 40
Total | 144395 100 100 100 37

Total values £6712m £4900m £1814m

! Data are for October 1982, or third quarter of 1982 where relevant.

2 Employment includes working proprietors as well as employees
* Gross output is value of work done plus value of work subcontracted.

* Expressed as a percentage of the gross output of the size category.

Source: Housing and Construction Statistics 1972-1982




1.3.2 The financial benefit to main contractors of employing subcontractors is that cost
prediction risk is spread and financial burdens can be transferred to some extent on to
external firms, especially by manipulation of cash flows within projects. Late payments and
non payment caused by disputes drive many subcontractors to the wall. Undoubtedly
specialist subcontractors face a number of difficulties by virtue of their position in the
building production process. The nature of their forward vertical relationship with main
contractors and clients and their backward vertical relationship with suppliers and
manufacturers both during periods of expansion and contraction may well provide insights
into the role of subcontractors and their practices and efficiency. For example, labour costs
may be more volatile over the business cycle as a result of the subcontract arrangement or
alternatively there may be indications that subcontractors have adopted strategies to smooth
variations in wage costs in response to changes in the demand for construction.

1.3.3 Inview of their role as specialist subcontractors in construction, this research
examines aspects of the structure, conduct and performance of the heating and ventilating
industry since the Second World War. The economics of this research can be located at the
theoretical intersection of the structure, conduct performance paradigm, business cycle
theory and organisational demography.

1.3.4 A number of economic issues emerge from this discussion of the relationship between
subcontractors and main contractors. If main contractors squeeze subcontractors in some
phases of the cycle, especially during recessions, do subcontractors enjoy a reverse role when
demand is growing? Are subcontractors able to pass on lower prices in the form of lower
wages to avoid being squeezed, or is the drop in turnover the major factor which squeezes
profits and cannot be avoided? What effect do changes in the relationship between main and
subcontractors over the business cycle have on the employment levels of subcontractors? To
what extent are employment levels an indicator of the activity levels of subcontractors?
What other factors determine the employment of labour by subcontractors? Are there any
good practices which firms could adopt? If such practices could be identified it may be
possible to validate them by, for example, demonstrating that those firms had higher survival
rates.

1.4 Growth and survival

1.4.1 This research therefore examines the strategies open to firms in the heating and
ventilating industry. In particular the study looks at the strategies and performance of firms
in the light of the specific difficulties they have to contend with as heating and ventilating
engineers operating as subcontractors in the construction industry.

1.4.2 The strategies of subcontractor firms emerge in response to their business
environment in aggregate over time and lead some firms to grow faster than others with the
result one might expect industry concentration to increase. However, McCloughan (1995)
refers to Gibrat’s law as central to understanding industrial concentration in terms of
stochastic processes. In statistical terms it is a somewhat random process. According to



Gibrat (1931) the initial size of a firm does not affect its rate of expansion. Over a specified
period the distribution of growth rates is the same for all firm sizes.

1.4.3 In contrast, Cabral (1995) points out that more recent findings have shown that there
1 a negative relationship between growth and size. At first this had been thought to be due to
sample bias as small firms would be more likely to exit the industry if they experienced
negative growth in the early stages, thus depriving the sample of slow growing small firms
(Mansfield 1962). However, Cabral cites a number of other papers (Evans (1987 a,b), Hall
(1987) and Dunne, Roberts and Samuelson (1989) that argue that the negative correlation
between size and growth are not the result of bias.

1.4.4 Indeed, in a survey of 100 manufacturing industries in the US, Evans (1987b, p.568)
found a number of relationships of interest to this research. The rate of growth of firms
declined with both size in 89 per cent of industries and with age in 76 per cent of industries
but the probability of survival increased with size and age in 81 per cent and 83 per cent of
industries respectively. He alse found that the variability of firms” annual growth rates
declined with age. These results were consistent with the view that over time entrepreneurs
learn about their limitations. However, Evans (1987b, p. 580) states that replication of his
results based on more refined data sets would be vital before his results were accepted. This
research is based on such a data set, being based on a population of specific firms over a very
long run.

1.4.5 In fact Cabral argues that small firms adopt a short-term wait-and-see approach in the
initial stages before investing in capital equipment: large firms take long-ferm capacity
investment decisions at the start. As a result growth of small firms is higher in their early
stages as decisions to expand are taken in the light of experience, whereas large firms, having
made their investment at the beginning of the period, do not require to expand capacity to the
same extent in subsequent years. The reason for this behaviour pattern, according to Cabral,
is that as small firms are more likely to exit the industry than large firms, they take a higher
risk of losing the sunk cost element of investment decisions than larger firms. He supports
this argument by stating there is empirical evidence that the probability of survival is greater
the larger the initial size of firm. Thus in looking at the growth rates of a cohort of firms
over a period of between 5 and 10 years, Cabral suggests there will tend to be a negative
correlation between growth and initial firm size. He concludes that in view of the existence
of sunk costs, ‘Gibrat’s law no longer holds’ (Cabral 1995, p.165).

1.4.6 Other research, which has focused on growth and survival, includes Audretsch and
Mahmood (1992) and Olley and Parkes (1992). The former discusses growth and survival in
18 different industries in the US, and notes that the range of firms by size in any cohort
increases with age. The latter looked at the implications of technological change and
deregulation in the US telecommunications industry, the consequences of which included
increased entry and exit rates and an implicit increase in the productivity of the industry.
Chapter 9 provides a fuller review of the literature on growth and survival of firms.
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1.5 The aims of this research

1.5.1 In view of the rapid turnover of firms in the heating and ventilating industry, their
vulnerability and their tendency to become insolvent, there is a need to examine the
behaviour of firms. This research sets out to show if and how their growth strategies affect
their ability to survive and to suggest new strategies for firms.

1.5.2 Asa group of specialist contractors heating and ventilating engineers provide a
distinct service using a specific technology and set of techniques with particular skills and
materials. By looking at these firms in detail, their role in the process can be better
understood. Their contribution to the process in terms of their value added is considered. As
a result it may be possible to identify or at least discuss the different sources of value added
in the process. Instead of seeking to improve the construction industry by adopting blanket
proposals, it may make more sense to target those areas within construction in which value
added can be most easily achieved and this can be done if improvements in value added can
be identified. These may be in the prefabricated components rather than the installers or site
assemblers. This study examines one aspect of this issue namely the value added by heating
and ventilating contractors, as proxied by the total wage bills of firms.

1.5.3 This research examines in turn the heating and ventilating industry from three broad

perspectives.

o The first perspective concerns the relationship between the heating and ventilating
industry and the construction industry. From the analysis of the relationship between
the construction industry and the heating and ventilating industry it is shown that
although heating and ventilating work tends to take place towards the end of the
construction process, there is no significant time lag between construction demand
and heating and ventilating output, using annual data.

° The second perspective considers the heating and ventilating industry as a whole in
terms of the economics of its own industrial structure. The structural issue concerns
the prevalence of small and medium sized enterprises (SMEs) in the heating and
ventilating industry and the dominance of the largest companies. Has the growth in
the market, if any, been captured by the SMEs or by the industry leaders?

. The third perspective is an analysis of the relationship between the implicit growth
and survival strategies of individual firms in the heating and ventilating industry in
response to their economic and industrial environment. Although the rate of growth
is only one of the factors determining firms’ survival, it is seen as the key element in a
company’s implicit survival plan, consistent with the Penrosian model discussed in
Chapter 9. The rate of growth of a firm provides a summary statistic of the relative
position of a firm compared to its competitors and its market. It is also a variable
over which there is a degree of internal control by a firm’s managers. The
relationship between growth and survival is examined in the context of growth
targets, risk and the business cycle.

1.5.4 The research is in six parts. The first part is the introduction. The second part is
concerned with the hypotheses and methodology. The third part gives the historical context
of the heating and ventilating industry and its changing relationship with the rest of the
construction industry. The fourth part of the thesis provides the theoretical background

11



covering the literature review and the economic theory of the growth of the firm based on the
work of Penrose. The fifth part presents the findings and the final part consists of the
conclusions.

1.6 Concluding remarks

1.6.1 This research distinguishes between the role of main contractors and that of the
specialist firms which carry out much of the work on site. The features of specialist
subcontractors discussed in this chapter have highlighted the following points:

e Specialist firms operate (though not exclusively) at the interface between the construction
industry and material and component suppliers to the construction industry.

e Main contractors have become more concerned with the management of the process
rather than the actual work on site, which is carried out by specialist firms.

e The changing importance of specialist firms is reflected in the percentage of total
construction direct employment in the main trades, which declined from 55 to 43 per cent
between 1985 and 1996 while the percentage of employment in specialist firms increased
from 45 to 57 per cent.

1.6.2 However, different types of specialist firm vary to such an extent it is necessary to
study them separately according to the trades to which they belong. In this study heating and
ventilating contractors are considered as an example of a major specialism in the building
industry. The population of heating and ventilating firms is studied first in relation to the
construction industry as a whole, and then in terms of heating and ventilating market.
Finally, the firms are analysed in terms of their individual behaviour and implicit strategies.
The following chapter will deal with the hypotheses under these three broad headings.
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Chapter 2 Hypotheses
2.1 Introduction

2.1.1 This chapter sets out the hypotheses discussed in this thesis. Figure 2.1 illustrates the
general framework of the research. Some of the hypotheses proposed in this chapter present
difficulties beyond the scope of this research or for practical reasons lie beyond the limits of
resources available at this stage. Nevertheless they are relevant as part of the logical
progression of the theories and arguments presented in this thesis. From these possible
hypotheses a number are selected and tested.

Figure 2.1 From propositions to analysis

Propositions

i

L Possible hypotheses ' Testable hypotheses

I Methodology Olj‘l~ — LMethods and data sources }
research strategies

o

Data derivable from methods used ‘

2.2  Propositions and hypotheses: (1) The relationship between the heating and
ventilating industry and the construction industry

2.2.1 The relationship between the heating and ventilating industry and the construction
industry is essentially that the construction industry forms the first round purchaser of the
output of heating and ventilating contractors. Within the mix of specialisms which constitute
the construction industry the relative importance of heating and ventilating has increased over
the period of this study. One reason for this is that services have increased in complexity
along with the specifications and expectations of clients. Other factors such as
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fuel prices also have an impact on the heating and ventilating industry as it becomes
relatively more expensive to heat (or to cool) buildings. This in turn encourages the
introduction of energy efficiency measures which tend to increase the workload of heating
and ventilating engineers. If this is the case then one might expect that official output data
would confirm that the heating and ventilating industry contributes a continually growing
share of the output of the construction industry.

2.2.2 It might be argued therefore that:

i. if buildings become more complex and technologically more sophisticated in their
services over time, it follows that the trend growth rate of the output of the heating and
ventilating industry will exceed the trend growth rate of the construction industry, and,
perhaps exceed the trend rate of growth of GDP.

2.2.3 The growth trends in heating and ventilating and construction are examined in
Chapter 12, Sections 12.2 and 12.3.

2.2.4 1If the importance of the contribution of heating and ventilating services in
construction has increased, there is also the question of the extent to which the heating and
ventilating industry has itself become dependent on main contractors in the construction
industry for the bulk and timing of its sales, rather than depending on direct transactions with
building owners.

If the annual variation of output of the heating and ventilating industry follows a
pattern significantly different from the construction sector, as a whole, then demand for
heating and ventilating cannot necessarily be predicted from construction output.

AQmvr = bo + b1 4Q0ct + € Q.1

where AQyy; = change in annual output of the heating and ventilating
industry
AQc; = change in annual output of the construction industry
and e = error of prediction

2.2.5 Time lags will also be introduced into Equation 2.1. These issues are dealt with in
Sections 12.3, 12.4 and 12.5.
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2.3 Propositions and hypotheses: (2) The structure of the heating and ventilating
industry

2.3.1 The second theme of this research is concerned with the structure of the heating and
ventilating industry. Structure may be measured in terms of the number of firms, firm
concentration ratios, and the height of barriers to entry and exit. The size of any market may
be given by:

M =bars.n 2.2)

where M = size of farket
bar s = average size of firm, as measured by output
and n=number of firms.

Bar s =M/n (2.3)
and: 4 M= f{4 bar s .4 n) 24

where A M = change in size of market
A bar s = change in average size
and A n=change in number of firms.

2.3.2 Thus from Equation 2.4 a change in market size may come about as a consequence of
a combination of changes in either or both the average size of firms and the number of firms.

If barriers to entry are relatively low, then the number of firms in the heating and
ventilating industry would grow faster than industry sales. If this is the case the
growth rate of the output of the heating and ventilating industry as a whole in any year
will be higher than the average growth rate of turnover (sales) of individual firms in
the industry.

2.3.3 Ease of entry and exit can be measured as the difference between the annual growth
rate of the market compared to the annual growth rate of average sales per firm. Average
growth rate of the market can be based on estimates of annual output based on official data
or aggregate annual wage returns. Average annual sales can be based on annual output
divided by the number of firms or aggregate wage returns divided by the number of HVCA
members filing returns in any given year. This measure of competitiveness will vary from
year to year reflecting the severity of competition in any given period, and reflect the short
run conditions facing the market. Comparing the average growth rates of the market and
average sales over a number of years provides a measure of general competitiveness of the
industry.
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2.3.4 If the hypothesis is correct that barriers to entry into the heating and ventilating
market are relatively low, then we would expect the number of firms in any given year, t, to
grow faster than industry sales. Provided changes are positive, then it follows that:

if AM/M > An/n (2.5)
then bars,>bars,, ' (2.6)

and if AM/M < dn/n
then Dbars, <bar s,

where AM/M = growth rate of the market
An/n = rate of change in the number of firms
and  bar s, = average size of firm in year t.

2.3.5 The implication is that the additional sales are largely picked up by new entrants
rather than incumbent firms. Thus:

H,: A0mu% < "NIATOwyes%) Q2.7
Hy: A% > "NIATOmc, %) 2.8)

where 4T0yyci26 = growth rate of output of the ith firm in the heating and
ventilating industry in year t
N = number of firms in the heating and ventilating industry
AQmn% = growth rate of output of the heating and ventilating industry as a
whole in year t.

2.3.6 The null hypothesis states that in year t the growth rate of the industry as a whole is
less than or equal to the geometric mean of the growth rates of firms. The alternative
hypothesis is that the market rate of growth exceeds the average annual rate of growth of
firms. These issues are discussed in Chapter 13, in Section 13.2.

2.3.7 TItis possible for the average rate of growth of individual firms to exceed the market
rate of growth even in the long run but this can only be achieved at the expense of a high rate
of mortality relative to the rate of founding and a relatively high churning of firms. Figure
2.2 1llustrates this proposition. Even without an increase in the number of firms, the
geometric average rate of growth of firms may exceed the market rate of growth using a
simple model of a market comprising firms A to N. Assume the rate of growth and the
history of each firm are the same for all firms. For example firm D is formed at a point in
time 1 and grows at a given rate until it ceases trade at a later point in time 2. Each firm
survives for only a short period and is replaced. The average rate of growth of each firm is
reflected in the gradient of its output over time.

2.3.8 The market, which is the aggregate output of firms at any given point in time is given
by the heavy line, ignoring minor fluctuations. This shows the market growing rapidly to
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begin with, followed by a period (from 3 to 4 in Figure 2.2) of no growth, ending with a
period of decline. There is no growth in the market between 3 and 4 because each firm that
enters immediately replaces a firm that dies. At a typical time, for example 2, one firm, such
as firm D, with output x, dies. It is replaced by one new firm with an initial output of zero.
This permits x to be distributed among survivors (such as firms E to F), who can therefore
continue to grow. In the next year G begins to grow, sharing with firm F in the redistribution
of output formerly taken by newly deceased firm E.

Figure 2.2 The average growth rate of a market and the average growth rate of firms
Output

2.3.9 The average rate of growth of the market is therefore quite distinct from, and lower
than, the average growth rate of the firms which comprise it. For example, the average rate
of growth of the market from the setting up of firm A to the demise of firm N is the gradient
of the dotted straight line joining 0 to N. The rate of growth of individual firms is greater the
less the number of firms, especially if the market is not able to expand to absorb the
additional firms. A static market increases the level of competitiveness and the mortality rate
of firms, compared to a market that is growing.

2.3.10 There is, however, a notional rate of change in the number of firms, 4n/n*, such that
the average growth rates of the individual firms, 4 bar s/bar s, given by their slopes in Figure
2.2, is equal to the rate of growth of the market, 4M/M, represented by the slope ON. That is,
there is some rate of growth in the number of firms such that:

A bar s/bar s =AM/M. (2.9)
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The proposition is that the actual growth in the number of firms is greater than An/n*. Asa
result:
4 bar s/bar s > AM/M. (2.10)

' Equation 2.8 states that the average rate of growth of firms is greater than the rate of growth
of the market.

2.3.11 The proposition is that the average growth rate of individual firms can be greater than
the market growth rate so that the number of firms stays constant if entry barriers are high or
entry to the industry is severely constrained. However, in the heating and ventilating industry
there are relatively low barriers to entry because the minimum efficient scale of operation

. occurs at low levels of output due to the high proportion of relatively small jobs undertaken.

. This is typical of the size distribution of work in heating and ventilating as it is throughout
construction. Low barriers can also be seen in the number of firms in the heating and
ventilating industry, which increased from 3,284 in 1973 to a peak of 9,774 in 1992 (Housing
and Construction Statistics, Private Contractors Census, Table 3.1, DETR). In the same
years the number of firms in the HVCA rose from 776 to 1,237, having peaked in 1991 at
1,285 (Annual Reports, HVCA). Many firms were started in response to the increased use of
casual labour by the larger firms. Workers often set themselves up as smaller concerns
encouraged to do so by the introduction of the 714 Certificate system in the late 1960s,
starting as self employed and moving on to employ others.

2.3.12 Thus the organisational density (to adopt the terminology used by Carroll and Hannan
(2000, p7)) or number of firms in the heating and ventilating industry actually increased
between the 1970s and the 1990s. However, heating and ventilating firms which close down
tend to be larger than newly founded firms. If the increase in density increases the size of the
market the additional firms are enough to compensate for the fact that the new firms tend to
be smaller than the departing firms. In that case the overall mean growth rate of firms will
tend to be less than or equal to the growth rate of the market.

2.3.13 Relating size of firm to growth rates,

iv. if economies of scale confer an advantage of size, then growth rates of firms would be
size dependent, (contrary to Gibrat’s Law), and it would follow that
(a) the larger the firm the higher the rate of growth,
(b) over the passage of time, the higher would become the n-firm
concentration ratio and
(c) the higher would become the Herfindahl index.

2.3.14 Taking proposition (a) the correlation of size and growth rates is given by the
following:

(WRit, {[WR;, 110 - WRiJ/WR,}) =1 2.11)

where WR;; = size of firm i as measured by wage returns in year ¢
and  WR, 4+, = size of firm i as measured by wage returns in year ¢ + n
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The relationship between firm size and growth rates is dealt with in Chapter 13, Section 13.3.

2.3.15 The null and alternative hypotheses of iv(b) are given as:

Hy ™V ™(CRuvi;- CRitvi 1 VCRevi1) <0 2.12)

Hy 7 NI ™(ICRsvi- CRevie 1V CRevryr) > 0 (2.13)
where CRyy;; = concentration ratio of the heating and ventilating industry in year t.

2.3.16 The null hypothesis states that the average rate of increase in the concentration ratio
is less than or equal to zero. This is discussed in Chapter 13, Section, 13.4.

2.3.17 Proposition iv(c) may also be stated algebraically as:

Hy "N ™(Horvr, - Hirvie Veipvien) < O (2.14)

Ha: T\/let:n([HHm- Hipvie1/Higvie1) > 0 (2.15)
where Hyy1: = Herfindahl index of the heating and ventilating industry in year t

2.3.18 The null hypothesis states that the average rate of increase in the Herfindahl index is
less than or equal to zero. This hypothesis is also discussed in Chapter 13, Section 13.5.

2.3.19 Alfred Marshall likened firms to the trees of the forest. Although many do not
survive in the early years, a few grow and in turn become as large or larger than their rivals.
Eventually however, age tells and they gradually ‘lose their vitality’ (Marshall, 1920 p.263).
This he saw as a natural process for trees and equally for firms as the energy and ability of
the founders of the firm age and are replaced by people with less ‘creative genius’, unless the
firm becomes a joint-stock company. As a joint-stock company it may still grow as it has
greater access to capital, but its rate of growth is likely to be relatively slower than its
younger competitors. If Marshall’s hypothesis applies to heating and ventilating contractors,
then one would expect to find that:

v. new entrants tend to experience relatively rapid growth and higher mortality rates
compared to established enterprises.

2.3.20 This proposition is concerned with the age of firms rather than their size (though age
and size tend to be related), and is consistent with Hannan and Carroll (1992, p72). They
suggest that because smaller firms can be set up more easily than large organisations, these
young firms’ mortality rates tend to be higher. This hypothesis may be divided into two
parts. The first refers to the growth rates of new entrants compared to mature firms, defining
a mature firm as one with 5 or more years trading by year t. ‘New entrants’ refers to those
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firms joining the HVCA in any given year, although the year of their incorporation is usually
before then. The null hypothesis of the first part of v is given as:

v(a):
Hy  “NI(WR, 1on- WR J/WR., . < V™NII(WRy, 1on - WRiy, ()/WRy, (2.16)

Hye  “NI(WR, on- WR, JWR, 1> "™ NII(WRy, 11 - WRe, ) WRn:  (2.17)

where WR, ; = wage returns of new entrant e in year t
WR,, « = wage returns of mature firm m in year t
N, = number of new entrants

and N, = number of mature firms

2.3.21 The null hypothesis states that the average growth rate of new entrants is less than or
equal to the average growth rate of mature or established firms. This is discussed in Chapter
14, Section 14.2.

2.3.22 The second part of v refers to differences in the survival rates of new and established
firms. The null hypothesis is given as:

v() Ho: (S i) /Ec 2 (ESp, 1) /M, (2.18)
Hat (28, 1on) /By < (28, 100) /M (2.19)

where S, 1, = number of years n survival after year t of new entrant e
Sm, 1+» = number of years n survival after year t of mature firm m
E; = number of new entrants in year t

and M, = number of established (mature) firms in year t

2.3.23 The null hypothesis states that the average number of years survival of new entrants is
greater than or equal to the average number of years survival of mature or established firms.
Thus is also discussed in Chapter 14, Section 14.2.

2.4  Propositions and hypotheses: (3) The growth and survival strategies of firms in
the heating and ventilating industry

2.4.1 The central hypotheses of this research are concerned with the growth and survival
strategies of firms in the heating and ventilating industry. The following hypotheses link the
survival and growth rates of individual firms. Firms, which grow rapidly, may do so
organically because of the success of new technology and/or the superior benefits of the
components they supply and fix, or because they respond positively to contingent offers of
work as and when they arise regardless of the consequences on their cash flows. Their
growth may be planned or unplanned. Penrose (1959) has argued that growth itself is
necessary in order to make good use of interstices. Hence, growth improves capacity
utilisation but only up to an optimum rate of growth.
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2.42 In studying the population of members of the HVCA, several issues raised by Hannan
and Carroll (1992) and Carroll and Hannan (2000) in terms of population ecology are
considered. They, in line with other management writers such as Porter (1985), see firms’
growth as a consequence of competitive advantages. Firms thus seek competitive advantage
in order to survive. If the fastest growers survive longest then it follows that growth is
usually a sign of having a competitive advantage. Hence, it follows that:

vi. in the heating and ventilating industry, relatively fast growth is a predictor of survival.

2.4.3 To test this proposition the relationship between growth rates and years survived is
used. If firms that survive the longest have significantly higher growth rates than the rest of
the population then relatively high growth rates are associated with survival. Because of
competitive advantage and because of positive Penrose effects concerned with capital
utilisation, surviving firms tend to have significantly higher growth rates than other firms.
Hence;

Hy: barAWR, % #barAWRy % (2.20)
Hy: bardAWR, % = barAWRy % 2.21)

where bardAWR; % = average rate of growth of survivors
and  bardWRy % = average rate of growth of non-survivors

2.4.4 The null hypothesis is that there is no significant difference between the mean growth
rates of survivors and the mean growth rates of firms which did not survive. If firms that
grow fastest do not survive, their growth may be due more to an implicit unplanned reactive
management strategy, or it may be opportunistic behaviour on the part of the owners to sell
either for personal gain or to gain accelerated access to a larger market. There are also
negative Penrose effects such as loss of efficiency from excessive growth. These become
stronger at very high growth rates. This hypothesis is discussed in Chapter 14, Section 14.3.

245 Regardless of the existence or not of a relationship between growth and survival, it is
possible to identify the range of growth rates associated with a minimum chance of failure as
measured by the survival index. Hence:

vii, firms that grow within a range around a target growth rate minimise the
chance of failure.

2.4.6 Firms that grow too quickly run the risk of over-trading. Firms that grow too slowly
or not at all incur the additional burden of owning under-utilised resources, according to
Penrose (1959), as discussed in paragraph 7.4.12. This issue is developed in Chapter 14,
Section 14.4.

2.47 Annual variance of a firm’s growth rates may be used as a measure of risk associated
with its performance. Firms face opportunities to grow, which they are not obliged to take.
Whether firm 7 takes these opportunities or not will depend upon its attitude to risk (given the
assumption that firms recognise that fast growth is risky).

22



2.4.8 Assuming also that a firm’s growth opportunities in year ¢+ are independent of its
opportunities in year t (i.e. that it does not possess a sustained competitive advantage), then
variance in growth rates (up or down) can be seen as depending upon the firm’s attitude to
risk. The risk loving firms are therefore predicted to show higher variance. This cannot of
course be tested without direct independent measurement of attitude to risk. However, if we
accept this link as theoretically plausible, it follows that we would expect to find a negative
relationship between variance and survival rate (the risk lovers will tend to have the highest
variance but, necessarily, lower survival rates).

2.49 If we find such an association ex post (empirically) this line of reasoning provides an
explanation, provided that we are prepared to assume that firms foresee the risks they are
taking clearly enough consciously to trade short-run returns against longer-run survival risk.
An alternative explanation, however, can be constructed in terms of firms operating under
uncertainty and bounded rationality, in which firms do not accurately foresee the risks they
are taking.

2.4.10 It may be argued that for any given rate of growth of the ith firm, taken as its average
annual growth rate over the whole period, variance can also be a predictor of survival, on the
assumption that lower variances reflect attitudes towards risk, planning strategies and
managed cash flows. Consequently, it may be possible to test the predictability of survival
based on the variance of annual growth rates. Hence;

viii. the higher the coefficient of variation of annual growth rates, the less likely firms are to
survive.

Thus, (C.S)=r (2.22)

where C; = ratio of variance to mean growth rate of firm i
S; = survival index of firm i
and r=correlation coefficient of mean growth rates and survival index

Hy: =0
HAI r#0

2.4.11 This hypothesis is tested in Chapter 14, Section 14.5. A relatively high variation in
output growth implies that firms will incur additional costs relative to their competitors as
they alternate between having excess capacity in one period and insufficient capacity to meet
demand in the next. This is not to say that sales and capacity are not volatile. One of the
problems facing firms in construction and heating and ventilating is precisely the problem of
matching volatile sales patterns with equivalent changes in capacity.

2.4.12 Variance is concerned with a general pattern of behaviour over a number of years.
However, the decisions of management in any one year can lead firms into serious
difficulties. One such decision is concerned with rapid expansion. Related to risk-taking is
the willingness to take on far more work than in a preceding year causing firms to expand
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very rapidly. In the process this may exhaust working capital and lead to cash flow
difficulties, the phenomenon of over-trading.

2.4.13 In construction because output decisions are more difficult to control and because of
the discrete nature of projects, the lumpiness of the output and the unpredictable nature of the
tendering process, contractors may frequently expand more rapidly than prudent, leading
them to cease trading. If this is indeed the case, then it follows that:

ix. the higher the peak rate of growth the less likely firms are to survive.

2.4.14 The null hypothesis is:
([{WRi, p - WR; p1})/WR; 1], S) = (2.23)

where WR; , = wage returns of firm i in given peak year of growth p
S; = survival index of firm i
and = correlation coefficient

Hy: 1=0
Hy: r#0

2.4.15 The null hypothesis states that there is no relationship between peak rates and
survival indices. This hypothesis is discussed in Chapter 14, Section 14.6.

2.4.16 Having discussed growth and survival in general, it is necessary to introduce the
business cycle into the analysis to take into account the fact that conditions are constantly in
a state of flux, with identifiable crisis years occurring from time to time at irregular intervals.
Apart from growth rates, size of firm at foundation and year of founding may also be
possible determinants of survival. To test the significance of these covariates on the survival
chances of firms, Cox regressions were used. The year of founding is assumed to be the year
of joining the HVCA. The model of the Cox regression is given as:

log h(t) = a(t) + fo+ f1G + B2 + f3J (2.24)

where log h(t) = log hazard rate

G = growth rate

S = size in 1955 or on joining the HVCA in subsequent years
and J=year of joining the HVCA

2.4.17 Equation 2.24 states that the log hazard rate of firms surviving to a given year is a
function of growth size and the year of joining the HVCA. The principles of log hazard
models are discussed in more detail in Sections 10.4 and 14.3 and their application to growth
rates and survival in Sections 14.3 and 14.6.
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2.4.18 Taking the year of founding as a covariate of survival implies that firms’ survival
chances may vary depending on the cycle phase. Thus:

firms survive for different periods depending on the phase of the business cycle in which
the firms were founded.

2.4.19 If firms are set up (or are trading) at the beginning of a recovery period they have a
greater opportunity to acquire experience and to accumulate cash reserves to enable them to
survive the recession than those firms set up in other phases of the cycle. This corresponds to
organisational imprinting discussed by Hannan and Carroll (1992, pp 31-2) and Stinchcombe
(1965). To test proposition x, which is discussed in Chapter 14, Section 14.6, the null
hypothesis states that there is no relationship between the year of founding (defined as the
year of joining the HVCA) and the firm’s survival index. This can be given as:

(Sife, Yo =71 (2.25)

where S;¢, = survival index of firm i founded in year f with given growth rate g
and  Y¢=year of founding.

Hy: =0
HA: T % 0.
2.5 Concluding remarks

2.5.1 This chapter raises a number of issues concerning the industrial performance of the
heating and ventilating industry as a whole in comparison with the rest of the construction
industry. Within heating and ventilating a number of issues are raised regarding the structure
of the industry with a view to understanding the causes and effects of the level of
competitiveness to be found in the heating and ventilating market. Finally the performance
of firms is discussed in terms of their annual rates of growth and survival to ascertain which
if any strategies may be of benefit to firms.

2.5.2 The following chapter deals with the general methodology of the research. In order to
investigate the heating and ventilating industry and the issues raised in this chapter a number
of sources of data were identified. In particular the annual wage returns posted by members
of the Heating and Ventilating Contractors Association are discussed in detail. The next
chapter discusses these sources of data and their limitations. A number of operational
definitions were also found to be necessary, in particular the term “survival” in the context of
the theory of the firm.
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Chapter 3 General methodology and sources of data
3.1 Introduction

3.1.1 As the on-site production process in the construction industry has increasingly moved
towards specialist subcontractors it seems timely to investigate the implications of the central
role of subcontractors from the point of view of subcontractors. However, soon after
embarking on this research it became apparent that any in-depth study of subcontractors in
the construction industry could not safely generalise about subcontractors on the basis of a
study of one type of specialist firm. Technologies, materials, skills, capital structures and
relationships with suppliers and main contractors vary to such an extent that each specialism
in construction forms its own construction sub-industry and social structure of construction
production (Gruneberg and Ive, 2000, p.17)

3.1.2 For this reason it was decided to identify a group of specialist firms within
construction which formed a coherent group of firms with similar characteristics. Penrose
(1959, p.103) points out that in practice because firms vary so much in terms of their
products or services, resources used, locations, and methods of organisation it is difficult to
attribute differences to any particular variable. This should also be kept in mind when
comparing heating and ventilating contractors carrying out different work packages on
different sites in different locations, on different projects on different types of buildings and
structures. Although heating and ventilating contractors form a heterogeneous group of firms,
they are clearly defined as a specialism within construction in Housing and Construction
Statistics and the annual Private Contractors’ Census.

3.1.3 Using these sources the annual heating and ventilating output at current prices was
estimated by multiplying the third quarter DETR data in Housing and Construction Statistics
by 4. This data was then deflated using a price index, referred to in this research as the Gross
Construction Product Index (GCPI), and comparisons made with total annual construction
industry output from 1955 to 1997 at 1995 prices, provided by the DETR. The GCPI for the
period 1955 to 1996 was found by dividing construction output at current prices by
construction output at constant 1995 prices. Both output time series were supplied directly
by the DETR Construction Market Intelligence Division. The implied deflator formed by the
inverse of the GCPI was then used to deflate a number of other current price series, including
the HVCA annual wage returns.

3.1.4 As with any research it was necessary to obtain different sources of information.
Apart from obtaining government statistics it was decided to approach the industry itself. In
order to identify specific firms the trade association of heating and ventilating contractors,
the Heating and Ventilating Contractors Association (HVCA), was contacted. With their co-
operation and help it was not only possible to identify firms from historical membership lists
but it was also possible to trace the historical record of the heating and ventilating industry
from the annual reports of the HVCA. The annual historical record of events seen from the
point of view of the heating and ventilating industry thus provided the political, industrial
relations and economic context of the raw statistical data.
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3.1.5 In order to trace the performance of firms in the industry it was thought necessary to
study the accounts of a sample of member firms. An exploratory study was undertaken but
this revealed a number of shortcomings especially in the consistent presentation of accounts,
especially of small firms whose owners’ purchases and perks were often disguised, for
example, as capital expenditures on properties belonging to the firms.

3.1.6 It was therefore decided to study the accounts of firms in the Major Contractors
Group, comprising most of the largest members of the HVCA. Although these firms were
amongst the largest in the HVCA the annual records held at Companies House soon revealed
that most had become subsidiaries of other companies or were part of group accounts and
therefore difficult to analyse with consistency. Moreover, in some years only one or two
accounts were useable for this research and often major changes in one firm’s set of accounts
had a significant effect on the aggregate figures.

3.1.7 Clearly a third set of data was required and this was located in the form of the annual
wage returns submitted to the HVCA as the basis for the calculation of annual membership
fees. The records of the annual wage return data can be found in the Annual Returns and
Payments ledgers, which go back to the founding of the Association in 1904. In 1971, some
tidy mind decided in its wisdom to extract and destroy the names and records of members
who had left prior to 1960. The same exercise was repeated for 1961, but fortunately for our
purposes, since then all details received by the HVCA and filed in the ledgers appear to have
been preserved, with the exception of the years between 1980 and 1987. In the Annual
Returns and Payments Ledger of the HVCA are the following hand written initialled notes:

Sheets for members removed from the Roll in 1960 or earlier extracted and destroyed
23" March 1971.

And
Sheets for members removed from the Roll in 1961 destroyed 30" July 1973. See old
register of members (in safe), which has alphabetical index.

3.1.8 This can be confirmed by the sequence of folio numbers of firms joining since 1961,
which are in sequence, whereas for firms joining before 1961 only those surviving after that
date can be found. Fortunately, some of the missing data has been retrieved from the
computer records, when they were set up in 1980. The wage return data collected was the
post-war data from 1945 as the pre-war data was not seen as relevant here for discussion of
current strategic planning issues.

3.1.9 As this research is at the intersection of business cycle theory, the structure, conduct,
performance paradigm in industrial economics and organisational demography, the literature
search and study focused on the effect of the business cycle on industries and firms, theories
of growth of the firm, time series analysis and statistics, and population studies. Use has also
been made of the structure, conduct and performance paradigm, especially of concentration
ratios and entry and exit rates.
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3.2  Dynamic organisational demographics

3.2.1 One major methodological problem to be overcome or at least taken into account is
the dynamic composition of firms in any given industry over time. A good example of this
problem is given by Mueller (1986 pp.2-7). The Federal Trade Commission (1972) carried
out a survey of the 1,000 largest manufacturers in 1950. A similar study was repeated in
1972. However, by 1972, 384 companies in the 1950 list had been acquired and only 583 of
the original list still existed, though not all of them were still in the top one thousand.
Indeed, in 1972 no information could even be found on 28 firms in the original list.

3.2.2 If such a state of affairs can obtain with the largest of companies, then the problems
of continuity of data for much smaller enterprises is even greater. Moreover, it is proposed to
study firms over a much longer period of time than in Mueller’s study. Thus the data in this
study is not continuous for firms, as it is comprised of different firms in different years.
Sometimes they overlap, as firms joined and left at different times and remained as members
for different lengths of time. Only a relatively few, if any, survived for the whole period of
the research. Much of the study of organisational demography is concerned with the analysis
of the changing composition of populations of heterogeneous firms.

3.2.3 A comprehensive account of the changing population of firms is provided by Hannan
and Carroll (1992 p.4) who discuss changes in organisational populations in terms of the
selection of firms as survivors in a competitive environment. Their approach is discussed in
more detail in Chapter 9.1. They maintain that firms rarely succeed in adapting to changing
circumstances in the long run and hence few firms survive indefinitely. They favour an
approach, which considers the social and economic conditions, which lead to the founding
and mortality of firms, which in turn alters the structure of organisational populations. The
changing composition of a population of firms can be analysed using a stock and flow model.
The net flow effect of firms entering and leaving a market tends to follow a long run pattern
of growth in numbers reaching a peak followed by a period of stability and/or gradual
decline. Similar patterns have been noted by Geroski and Mazzucato (1999). However, the
pattern in heating and ventilating since 1945, according to the annual number of members of
the HVCA, has been stable or increasing,

3.3 Statistical sources and limitations of the data

3.3.1 Official data on construction in general and the heating and ventilating industry in
particular can be found in Housing and Construction Statistics, and in the annual Census of
Production. Table 3.1 is based on an extract from Business Monitor, Table 1, (PA 500
(1992) p.9), which breaks down construction output and costs in 1992 in terms of value
added by SIC 1980 codes 500 to 504.

3.3.2 From Table 3.1, over 25 per cent of total value added in construction involves civil
engineering firms, SIC 502. If one excludes these firms from the calculation of the building
process, it can be seen that according to official statistics, firms classed to 501, which were
engaged in construction and repair of buildings, contributed approximately 87 per cent of
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gross value added. This figure can be compared to less than 13 per cent by those firms

installing fixtures and fittings and building completion work. From this breakdown of those
firms employing 20 or more it is difficult to measure the contribution of main contractors
compared to subcontractors. However, if SIC 500 and 501 are meant to largely represent
main contractors and 503 and 504 services and finishing trades, the distribution of value
added in the construction process is not particularly useful or accurate, even given that it

excludes those firms employing less than 20 people.

Table 3.1 Gross output and gross value added by type of undertaking in 1992

SIC 500 501 502 503 S04 Total

Gross output (£m) | 4,4924 | 20,1942 | 10,243.9 | 5,131.9 2,079.2 | 42,141.6
Gross output as % of total | 10.66% | 47.92% 2431% | 12.18% | 4.93%

GVA at factor cost (£m) 873.3 | 11,298.5 4,824.4 | 1,225.6 535.7 | 18,757.5
GVA at factor cost as % of total | 4.66% 60.23% 25.72% 6.53% 2.86%

Gross output (£m) | 4,492.4 | 20,194.2 5,131.9 | 2,079.2 | 31,897.7
% of total gross output excl. civil | 14.08% | 63.31% 16.09% | 6.52%

engineering

GVA at factor cost (£Em) | 873.3 11,298.5 1,225.6 535.7 | 13,933.1

% of total GVA excl. civil 81.09% 8.80% 3.84%

engineering

6.27%

Notes: SIC 500 is defined as general construction and demolition work; 501 construction and repair of buildings;
502 civil engineering; 503 installation of fixtures and fittings, and; 504 building completion work.
Source: PAS500 Business Monitor 1992, Table 1, Output and costs of UK undertakings employing 20 or more,

1992.
GVA = gross value added

3.3.3 There is therefore a need to find an alternative measure of output which might be
used to analyse value added within the construction industry which also takes into account

the large number of small firms in the sector. In looking at the heating and ventilating

industry three main sources of statistical data for this research were used:
a. Annual wage return data, HVCA.

b. Housing and Construction Statistics, DETR
¢. Company accounts data, Companies House

3.4  Annual wage returns

341

trade association, the Heating and Ventilating Contractors Association (HVCA).

Membership is voluntary and largely self-selected, through an application and vetting

The specialist firms targeted by this research can be defined precisely in terms of their

procedure. Currently a firm must have been in trade for at least 2 years before applying to

join.
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3.4.2 Inorder to investigate long run changes and trends in the heating and ventilating
industry and to find specific factors affecting particular categories of firms, it was necessary
to find a series of relevant data over at least two business cycles. The wage return data of the
Heating and Ventilating Contractors Association enable such an analysis of individual firms
to be made.

3.4.3 Two sets of ledgers were found to be of use; the Off List Membership list and the
Membership list. The first ledger lists firms which were no longer trading by 1980, while the
second set of ledgers contains the records of active members when the membership list was
transferred to a computerised system in 1980. For membership data since 1980, the source of
information is a computer printout of all members since 1980, supplied by the Heating and
Ventilating Contractors’ Association. From the ledgers located in London it is possible to
establish the declared annual certified wage returns of each member in the Association’s
membership lists for the years 1945 to 1979. The computer archives based in Penrith,
provide the same data for the period from 1987 to 1996.

3.44 All statistical analysis depends on the collection, recording and accuracy of the data.
The annual wage returns are the audited annual wages certified by each firm’s accountants.
The care taken in gathering annual wage returns is illustrated by the examples of
correspondence given in Appendix 1. The annual wage return data has been entered
according to the year in which it appears in the ledger. These returns came into the
Association continuously during the year and related to the previous year’s accounts of the
members. A time lag is therefore introduced into the data of approximately one year.
Consequently the wage return data refers to the period 1945 to 1996.

3.4.5 The recorded annual wage return data was checked at all stages. The sources of data
were the ledgers of the Heating and Ventilating Contractors Association. There are three sets
of ledgers: the Off List Membership list, the Membership list and the Ductwork Group. The
last ledger was not used, being a duplicate of the firms in the other two ledgers but relating
only to their membership of the ductwork grouping within the HVCA. Careful hand-written
note was taken in the first place, figures being checked at random. These hand-written sheets
were then transferred to the computer. The following data checks were carried out during
inputting to the computer spreadsheet:

. the relationship of the data and year of companies were checked against the data and
year of other companies.

o Folio numbers were checked periodically and automatically during data processing.

o Random checks on data and years were also carried out.

3.4.6 A comparison of annual wage returns with the time series of the estimated annual
output of the heating and ventilating industry based on official data over similar periods
confirms the usefulness of wage returns. Figure 3.1 combines the two series by showing the
ratio of annual heating and ventilating output to wage returns varied between 5.76 in 1964
and 10.99 in 1974. One reason for the annual variation in the ratio may have been partly as a
result of prices and incomes policies and partly due to the increasing use of labour only
subcontractors, whose wages were not included in the annual wage returns, submitted to the
HVCA until the 1980s. Although HVCA data for 1980 to 1986 is not available, from 1975 to
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1995 the ratio of heating and ventilating industry output to aggregate HVCA wage returns
varied between a low of 8.28 in 1977 and a high of 10.22 in 1993. Though it varied from
year to year, since 1971 there has been no tendency for the ratio to increase over time. If this
is the case, then the wage return data implies no significant change in the share of wages in
gross output has taken place since the early 1970s. Therefore, there are grounds for assuming
a straight-line relationship between long run wage return data and industry output. Chapter
11 considers in more detail the behaviour of aggregate wage returns in relation to aggregate
employment, total industry output and HVCA firms’ total turnover.

Figure 3.1 Ratio of annual heating and ventilating output to wage returns 1957 to 1996
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Notes:

Declared total wage returns 1948-96 based on annual HVCA wage roll, excluding assessed firms’ assessments
and ‘no data’ cells.

Sources: Membership Annual Returns and Payments Ledger, Alphabetical List of Members
Firms Off Roll Annual Returns and Payments Ledger, Alphabetical List of Members
HVCA computer printout, June 1998, Penrith.

Sources: 1957-63 data taken from HVCA Annual Report, 1964-5, p 46

1963 data taken from HVCA Annual Report, 1963-4, p 42

1964 data taken from HVCA Annual Report, 1965-6, p 54

1965-76 data taken from HVCA Annual Report, 1977-8, Appendix E

1977-78 data taken from HVCA Annual Report, 1979-80, Appendix E

1979-80 data taken from HVCA Annual Report, 1980-81, Appendix F

1981-84 data taken from HVCA Annual Report, 1985-86, Appendix G

1985-94 data taken from HCS 1984-1994, Table 3.3

Original source: Department of the Environment.

3.47 Using data over such a long period as in Figure 3.1 has advantages and disadvantages.

The definition and composition of the wage return data altered over time as labour only
subcontracting increased. Payments to labour only subcontractors were not always included
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in the wage returns until the 1980s when payments to casually employed labour only
subcontracted labour (LOSC) were recognised by the HVCA as part of the wage bill of firms.
The earlier data therefore increasingly tended to understate the actual level of the wage bill.
Insofar as labour only subcontracting was increasing in relative importance in this earlier
period, it follows that the true rate of increase in wage bills from year to year was also
understated. After 1987, members were asked to file the wage return data broken down
according to direct and indirect wage costs. The wage totals used in this analysis aggregate
both types of employment after 1987, but not necessarily in the years before 1979.

3.4.8 Nevertheless the data provides some continuity over the half century covered.
Moreover, it is possible to disaggregate this wage data in a way not possible with official
statistics, which only record annual totals. The data found in the annual wage returns ledgers
permits an analysis of the number of new firms joining as well as the number of firms leaving
the HVCA. These flows are omitted from official data, such as the annual Private
Contractors Census (PCC) data, which only shows net change - gross flows are not given.

By using a survey of individual firms it is possible to analyse growth rates and survival
according to various characteristics of firms during different phases of the business cycle.

3.49 There were three major crises or periods of extended decline in construction during
the period under study in 1973-77, 1979-81 and 1990-93 but as insufficient wage return data
is available for 1979-81, the two major crises to be examined are 1973-77 and 1990-93. To
some extent archival research must be shaped by the material itself.

3.4.10 Allowing for the usual terms of confidentiality of individual firms and members, the
Heating and Ventilating Contractors” Association kindly made their historical data openly
and unconditionally available for the purpose of this research. The Annual Returns and
Payments ledgers and the internal HVCA computer data provide the wage returns data for
1945 to 1979 and 1987 to 1996 respectively. Other sources of information provided by the
Heating and Ventilating Contractors’ Association were the Year Books and Annual Reports,
which provide the historical context from the point of view of heating and ventilating
contractors.

3.4.11 The Year Books were first published in 1947 and continued as Annual Reports to the
present, though some of the earlier editions were found to be missing and in recent years
(since 1991) the Annual Reports have been reduced in volume and content. Each Year Book
contained a number of items, many providing unwitting historical evidence. In each edition
there were a number of advertisements, a statement by the president, followed by a number
of short articles on a variety of technical and business aspects of the “industry” or “trade” of
heating and ventilating installations. From the second edition for a number of years, an
active contractor was invited to contribute a member’s perspective of the previous year’s
trading. These articles were always anonymous and provided an opportunity for a member of
the HVCA to express opinions (often humorously). Industrial and trade agreements
including rates of pay for apprentices, operatives and draughtsmen were also included in each
year’s publication. The Year Books also included alphabetical lists of members and their
addresses. Finally, an index of members according to services and products offered was given
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for the use of professionals, such as architects and engineers, working closely with heating
and ventilating contractors. Later, the Year Book was replaced by Annual Reports and a
separate Specifiers’ Guide, which was designed for the marketing purposes of members.

3.4.12 On being elected to the Association, each firm is given a folio number, in general
issued in sequence. These folio numbers range from 2 to 4200, representing both the current
membership, and firms which have been past members of the Association since its formation.
Unfortunately the computerised wage returns and membership fee data for the period 1980 to
1988 were deleted, destroyed or lost.

3.4.13 For the data prior to 1980, of the 2500 folio numbers representing members of the
HVCA, around 500 are missing. The removal of these firms from the ledgers biases the early
data in favour of those firms, which survived beyond 1961. This accounts for some of the
missing firms in the records for the years 1945 to 1960. The sequence of folio numbers
indicates the year of joining and provides the number of firms joining in any given year.
From the annual total membership given in the ledgers and the information given in the
annual reports it is possible to compare the totals for each year to confirm consistency.

3.4.14 Many of the surviving folios of firms prior to 1980 and since 1987 contain missing
data or data that was assessed by the HVCA for subscription fee purposes, and these
assessments have been excluded from the study. Since 1970 most firms have been assessed
in at least one year of their membership. Only data declared by members themselves has
been included in this study. Thus there are two reasons for gaps in the data; namely, folios
missing altogether and incomplete data in some folios.

3.4.15 Although the Membership Secretary of the HVCA informed the author some folio
numbers may have been used a second time for a new or different firm rather than a returning
firm, the practice does not appear to have occurred in the data. It will be assumed that where
folio numbers were used for a second time for a new firm, it made no significant difference
to the data either because the number of occasions must have been small or the size of firms
would have been insignificant. Otherwise, it is assumed firms’ records were maintained and
new firms were given new folio numbers.

Table 3.2 Analysis of folios and wage returns used in this research

Total Folios
number | Folios omitted | Folios included | included in
Period | Folio numbers | of folios | from study in study study %
1946-80 F2 - F2319 2318 508 1810 78
1988-97 F2 - F4199 4200! 2076 2124 51
1988-97 | F2320 - F4199° 1882! 375 1507 80

Notes: ' Out of sequence folios, F5113 and F5174 are included.

? Excluding pre-1980 folio numbers.
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3.4.16 Table 3.2 shows the number of folios used in the research in the two periods of the
study. In the first period from 1946 to 1980, 78 per cent of folio numbers have been used. In
the period from 1988 to 1997 only 51 per cent of all folio numbers were used. This
apparently low percentage of firms is because only 617 firms of those in trade before 1980
survived to 1988 and beyond. However, 80 per cent of the folios of those firms, which joined
the HVCA after 1980, have been included in the survey. Thus, of the 2,124 firms in the post
1988 study, 1,507 firms joined the HVCA after 1980 and the remaining 617 firms were pre-
1980 firms, which had survived. The statistical information to be gleaned from the HVCA
wage returns can only be as sound as the remaining surviving data.

3.4.17 Because the aim of the study is to examine trends since the Second World War, it was
decided to begin the study using data for 1945. In any case, the exceptional conditions of the
Second World War distorted long run trends. The extreme restrictions on trade caused both
by manpower shortages and government imposts and decrees would have rendered the period
prior to 1945 useless for developing theories about the behaviour of firms at the end of the
century. During the war the shortage of workers meant that apprentices were upgraded in
order to carry out the work their older skilled colleagues would have done but were
unavailable to do as many had volunteered for war service (HVCA Interview). Even after the
war, according to the Association’s Year Book, (AHVDEE, 1948 pp.65-66) production was
disrupted and the market distorted by government measures designed to direct resources to
areas of greatest need or to control imports and supplies of foreign currency. No doubt these
restrictions were not always perceived by the membership of the HVCA as being in the best
interests of firms in the heating and ventilating industry.

3.4.18 For these historical reasons and the practical considerations of consistency and
veracity of data, it was decided that the main body of the statistical analysis should cover the
period starting in 1957. In 1957 the Private Contractors Census first began to publish heating
and ventilating industry data separate from other specialist contractors in construction
(Fleming, 1980 and 1986). This series is included in Housing and Construction Statistics,
and the Annual Construction Statistics on the DETR website, (currently the DTI website)
making it possible to carry out a long run comparison between official heating and
ventilating industry data and the wage returns of the HVCA.

3.4.19 Inthe Annual Returns and Payments ledger, the list of firms is in alphabetical order.
Each folio contains the wage returns submitted annually by each firm. These returns are
taken from the audited accounts of the member firms, signed by their respective auditors, and
are then filed by the HVCA throughout the year. Returns applied to the previous year’s
activities and the accounting years of members varied. This data therefore introduces some
noise into the statistics as the year in which the data is recorded refers to a period
immediately prior to the reported year, or a period overlapping with the previous year and the
year it is recorded in the Association’s files. Nevertheless, as this research is primarily
concerned with long run trends, each firm’s wage return is assumed to apply to the year prior
to the date it was posted or filed in the HVCA ledgers. It is recognised that this does make a
simplifying assumption about the accounting time lag in the data. Time is therefore treated
as a discrete variable in this research.
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3.4.20 Other information contained in each firm’s folio record is the fee paid and the date of
payment. The Annual Returns and Payments ledger also shows the reasons or circumstances
of membership withdrawal. These include resignation, expulsion, suspension, deceased,
liquidation, ceasing to trade and the return of unopened mail.

3.4.21 Thus, the main body of data found in the ledgers of the HVCA represents the annual
wage returns of members of the Association between 1945 and 1996. Other data from the
HVCA and Companies House refer to the membership, its location, year of joining and
leaving the HVCA and its industrial classification. These strands of data split the research
into various themes concerning the formation, growth and survival of firms from 1945 to
near the end of the century, and their entry and exit into and out of the industry.

3.4.22 Table 3.3 shows the various sets of data and the years used in this research. The years
given are either the start or end year of a series, the intermediate years are omitted. Deflated
Gross Domestic Product (GDP) data is available from 1946, construction output from 1955
and separate heating and ventilating industry output from 1957. Wage return data was found
for 1945 until 1979 and again from 1987 until 1996.

Table 3.3 Data used at current prices (x) and at 1995 prices (y)

Variable 1945 | 1946 | 1948 | 1955 | 1957 | 1979 | 1980-86 | 1987 | 1996

GDP| x | xy | xy | xy | Xy | Xy | Xy | Xy | Xy

Construction output Xy | xy | xy Xy Xy | xy

Heating and ventilating xy | xy Xy Xy | xy
industry output

HVCA wage returns | x X X Xy | Xy | Xy Xy | Xy

3.4.23 Of course, data on construction output is available for the period prior to 1955.
However, 1955 was the first year of the GCPI 1995 = 100 series and the source of the earlier
data was the Census of Production rather than the Ministry of Public Building and Works
(MPBW), which would have caused discontinuities in the data which were therefore not used
in the analysis. However, because the data used is left truncated in 1957, it is useful to have
some information prior to the truncation. For example, one may give an operational
definition of a “mature” firm as one with at least 5 years trading. This allows a comparison to
be made between new entrants and established firms in 1957, based on evidence that the
mature firms were members of the HVCA in 1952 or earlier.

3.4.24 The HVCA data is not a sample of firms but is in fact a survey of the population of
members of the HVCA based on the Association’s membership list records for the period
1946 to 1997 as at July 1998. No sampling of the data was carried out. However, as noted
above, the data is not complete. Moreover, assessed data has been omitted, which therefore
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means that the aggregate data must understate the annual total wage bill of members of the

HVCA. Using the population rather than a sample has been necessary because:

. there would have been too few large firms if only a sample had been used,

. in 1946 the membership of the HVCA stood at only 237 firms, making it unnecessary
to sample. In any case any segmented sample of such a small population would have
created segments that would have been too small to be useful, and finally,

. had a sample been used firms failing in later years would have been too few to
measure for significance.

3.4.25 However the use of the population of firms means that the annual aggregate wage
bills of the HVCA membership combines an increasing number of firms over time reflecting
the growth of the HVCA as well as the growth of individual members. Thus the aggregate
data reflects any relative growth there was of the HVCA compared to the total heating and
ventilating contractors’ market. This relationship between the number of members of the
HVCA compared to the number of firms in the heating and ventilating industry can be seen
in Figure 8.3.

3.5 Defining survival (the ultimate objective) and size

3.5.1 For firms in the heating and ventilating industry, like any industrial sector, the key
issue is one of survival. By surviving the firm continues to provide wages and profit. The
survival of a firm may be defined as its continuing right to trade independently. The firm’s
survival is little more than its continued existence as an identifiable legal entity. This narrow
definition of survival may be referred to as entity-survival. Entity survival adopts the point of
view of shareholders or owners. As a surviving entity the firm represents an investment
opportunity. Thus the concept of entity survival entails both the legal survival of the firm as
a corporate body and the organisational survival of the firm as an administrative system, what
Carroll and Hannan (2000) refer to as legitimation.

3.5.2 As Penrose (1959, p.22) has argued, the conventional economic theoretical definition
of the firm is too narrow. It assumes the firm produces one product. Moreover, the
composition of a firm may change in terms of its personnel, owners, products, geographical
location and even its legal form. Nevertheless, a firm as such maintains continuity as a co-
ordinated administrative organisation and a “collection of productive resources.” (Penrose,
1959, p.31).

3.5.3 Even this dynamic concept of entity-survival ignores the social relations of the people
working within an organisation. When a firm expands, people are less likely to feel their
jobs are threatened. When a firm is in decline, because sales, market share or its relative
competitiveness are in decline, it follows that a large proportion of the people working for
the firm may feel their positions are insecure. Industrial relations are affected as the relative
bargaining strengths of managers and the managed impinge on day to day working relations.
Decline erodes the strength of the source of wages and profits coming from total value added.
Consequently, the firm may be forced to cut investment, reduce employment or sell off
assets. As far as employment and the firm’s physical assets are concerned, they do not cease
to exist simply because the firm no longer has a use for them but their continued application
within the firm ends.
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3.5.4 Beneath this superficial definition of survival, namely entity-survival, firms
continuously change their form and size, with new products, personnel, technologies,
factories and offices, and shareholders. This may be seen as a continuous process of
industrial adaptation to changing market conditions and new technology.

3.5.5 Moving from the legal and financial connotations of the term survival to a resource
based definition, we may refer to size-survival. Here, the term size-survival is defined as the
continued employment in period t+1 of at least all existing quantities of resources used in
period t, though not necessarily in the same proportions. Size-survival of the firm is not an
all-or-nothing concept. The term as applied to firms is not a life or death matter. This is
because a firm is made up of separate co-operating individuals, plant and equipment and
other capital resources both financial and non-financial.

3.5.6 There is a need here to establish an operational definition of size-survival, as different
resources are involved and size can be measured in a number of different ways. Resources
may include labour, plant and materials, but labour varies in terms of ability and effort, plant
in terms of technology and age, and materials in terms of types and quality. A further
difficulty in measuring the amount of resources used is whether to measure physical size or
total value. Aggregate values depend on particular combinations of resources used even after
conversion to constant prices. One type of resource (e.g. labour) may be partly replaced by
another (e.g. plant) due to changes in technology or production methods.

3.5.7 Edwards, Kay, and Mayer (1987, p.40) suggest the use of value-to-the-owner rules for
assessing the value of assets. They point to three methods of valuing capital in year t (V,):
the replacement cost value, (RC,), the net realisable value, (NRV,), and the discounted
present value of future cash flows, (PV,). Each method of valuation is applied to a given
fixed asset and the value-to-the-owner rules are then applied to find the value, which
minimises the loss to the owner if the owner were to be deprived of the asset. Table 3.4
provides the set of rules to be followed.

Table 3.4 Value-to-the-owner rules

Case | Relationship between RC, NRV and PV | Value to the owner
1 PV, >RC, >NRYV, RC,
2 PV, >NRV, >RC, RG,
3 RC,; >PV, > NRV, PV,
4 RC, >NRV, >PV, NRV,
5 NRYV, >PV, >RC, RC,
6 NRV, >RC, >PV, RC,

Source: Edwards, J., Kay, J., and Mayer, C., (1987) The Economic Analysis of Accounting Profitability, Oxford
University Press (1987, p.40)
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3.5.8 In the first case in Table 3.4, for example, if the present value method produces a
value greater than the cost of replacement and the replacement method valuation is greater
than the net realisable value, then the replacement value is the preferred valuation. The logic
of this decision rule is that the net present value of the operating asset as a functioning part of
a business is worth more than the cost of replacement and therefore it would be worthwhile
replacing such an asset if necessary. The owner would therefore only have to find the
replacement cost in order to remain in business and earn the future cash flow. The option of
selling the existing asset yields a lower value than the gains of the other two options and
therefore would not be chosen.

3.5.9 As the replacement cost of an asset is invariably greater than its realisable value,
Edwards et al. suggest the rules can be simplified to:

RC, PV, >RC, >NRV,
V,= PV, ¢} if { RC,>PV,>NRV,
NRV, RC, >NRV, >PV,

While Edwards et al. (1987, pp.41-48) advocate the use of the value-to-the-owner rules, they
concede that the rules have little theoretical basis in themselves in conceptual terms, that the
criteria themselves are subjective and the capitalisation of assets depends on the uses
intended for them.

3.5.10 Thus, disregarding historical cost and depreciation valuation techniques, physical
assets may be valued as the discounted present value of future net cash flows attributable to
their use. This net income stream is affected by value added and therefore may grow as
value added increases, in turn affecting the valuation of the assets. As far as the owners of
the firm are concerned, capital assets survive as long as the firm can continue to produce
sufficient surpluses. Thus in capital circuit terms, survival of the firm depends on the amount
of capital employed in period ¢+ being equal to or greater than capital employed in period z.

3.5.11 Because of all these difficulties of capital measurement it is necessary to make a
simplifying assumption about the measurement of size. As methods of installing heating and
ventilating equipment do not change dramatically from one year to the next, and productivity
changes are similarly relatively gradual, it is possible to use the total wages paid to labour as
a measure of size. In this research, size is measured as the total wage return submitted by
firms to the Heating and Ventilating Contractors’ Association, as it was on the basis of wages
paid that annual membership fees were calculated, on the assumption that the larger the firm
the greater the annual wage return. In any case such a measure places the workforce at the
centre of the purpose of production. After all people work to make a living and such a
measure shows the firm’s ability to meet one of the aims reported in Grinyer’s (1972) survey
of construction firms, (see Chapter 9).

3.5.12 It is of course quite possible for a large firm with expanding real resources to incur
large financial losses, which threaten both its continued size-survival and entity-survival. A
third definition of survival is output-survival by a firm. This concept involves the
maintenance of at least a given level of sales but perhaps with far fewer employees and other
resources, either because of the casualisation of the workforce or the application of
information technology and robotics.
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3.5.13 Consider the following three cases involving the introduction of new technology,
which itself may be thought of as a resource of the firm. When new technology is introduced
output may be increased without the need for additional labour or material resources.
Alternatively, innovation permits firms to produce the same output using fewer inputs.
Thirdly, if new technology allows the firm to produce and sell more while increasing the
resources required, the new processes (and/or products) invariably reduce the unit cost of
production.

3.5.14 According to the resource-based definition of size-survival suggested here, the first
case represents a no growth scenario. However, the new technology allows value added by
the firm to increase, thus ensuring its size-survival, and its potential for growth in the future.
In the second scenario, the substitution of resources by the new technology does indeed lead
to downsizing, with the cost of process innovation being borne by the workforce and
suppliers. As a result of the changes introduced into such a firm, technology is often
perceived as a threat to the workforce. Their productivity is increased but a proportion of
employees is often made redundant as a consequence (further increasing the productivity of
the remaining workers). In this example, the firm survives as an entity and in terms of
output-survival, but does not size-survive. Firms, which may be smaller in resource terms,
can produce more than before, depending on the technology used. In the third case, the firm
adopts new technology, which enables it to expand its sales. It therefore survives as an entity
in resource use terms and in output terms.

3.5.15 When a firm decides to downsize in order to remain in existence, it invariably does so
at the expense of individuals, who lose their jobs, and by liquidating assets. Those resources
no longer required by the firm may be unemployed or allocated to other firms or uses. While
the firm itself may continue to trade as a smaller entity, (in resource terms), as far as the
redundant resources are concerned the firm has failed to maintain its resource base size.
Once a firm begins a path of negative growth, the possibilities open to it are eventual
liquidation, take-over by another firm, merger with another firm, or reversal of decline. In all
but the last option its continued separate entity existence ceases. With the last option, the
firm returns to a growth path.

3.5.16 Firms may also experience loss of turnover and consequent loss of resources
following a systemic decline in demand, which affects all firms in a market. Such threats to
a firm’s size survival may result from business cycle fluctuations, government policies or
other economic shocks. To the extent and depending on the speed the market recovers, the
firm may be able to survive. However, its strength and ability to survive such recessionary
shocks depend to some extent on its explicit and implicit strategic planning for such
eventualities. If firm strategies contribute to survival, what then matters is ordered growth,
allowing for sufficient working capital and liquid reserves.

3.5.17 While the term “entity-survival” may refer to companies remaining in trade as
independent enterprises, it is difficult to find major firms established prior to 1958, which
have actually survived as independent trading entities. Either firms succumbed to adverse
trading conditions or they tended to be taken over. There are very few cases of firms taking
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over firms outside the heating and ventilating industry and even fewer outside mechanical
and electrical services. The issue of the measurement of survival in this research is dealt with
in the following chapter.

3.6 Concluding remarks

3.6.1 This chapter has discussed a number of general background methodological issues
including sources of data, the meaning of survival and the measurement of size. The main
sources of data used are based on Housing and Construction Statistics, the annual Private
Contractors Census and the annual returns of the Heating and Ventilating Contractors
Association. The accounts of the members of the HVCA Major Contractors Group were also
used.

3.6.2 This chapter discussed the term “firm survival” which was found to involve a number
of different and diverse measures. Survival could be taken as the survival of the firm as an
independent legal entity, as a combination of a quantity of resources or as a provider of a
level of output. An operational definition of survival is there required before an analysis of
growth and survival can be carried out. An index of survival was devised to meet this need.
This and other statistical methods used in the analysis are considered in the following
chapter.
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Chapter 4 Statistical methodology
4.1 Introduction

4.1.1 This chapter discusses the specific techniques used to investigate the data and the
reasons for selecting the methods chosen. In particular the chapter deals with the two
methods used for estimating long run growth rates. As growth rate is seen as a determinant
of survival it is apparent that an operational definition of survival is required. There is
therefore a discussion on the definition of the term survival used in the research. Other areas
of methodology discussed in this chapter include concentration ratios and the method of
deflating data. The chapter concludes with a discussion of an exploratory study, which was
carried out on a sample of accounts of HVCA members.

4.2 The measurement of growth rates
4.2.1 Evans (1987a p.570) measures firm growth as:
g=In[S/SJ[t-t] 4.1

where g = growth rate
S = size of firm
t = the first year of the study
t” = the last year of the study

4.2.2 This method only takes the first and last year of a time series into account. Evans’
study was a relatively short run study only covering the years between 1976 and 1980. In
contrast the data of the firms in this study cover the period from 1945 to 1996. Evans was
therefore able to take the two years, which applied to all firms in his study. In this research
many firms joined and left the population of firms during the period under study. Many firms
did not survive.

4.2.3 One method often used to measure annual real growth is the conventional geometric
mean of the annual percentage changes of given variables (Wonnacott and Wonnacott, 1990
p.667, Ibbotson Associates 1999, and Inter Company Comparisons,1993, p.8) and is similar
to that used by Mueller (1986 p.138), who uses the geometric mean based on the nth root of
the dividend of the value of assets in the last year over the value of assets in the first year, n
being the number of years between the first and last years. The formula for this average
growth rate is:

G ="NI[1+ (% - 01 )/xes] -1 (4.2)

where G = the growth rate

X = wage return in year t

n = number of years

[T = product of all annual growth rates, t =1 (base year) tot=n.

424 This equation was used to calculate the average growth rate of firms in any given year
where n is the number of firms, but could not be used to calculate the growth rates of
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individual firms. Calculating the geometric mean of annual growth rates relies on data for
consecutive years. Because the available wage return data excludes the years 1980 to 1986
for all firms and missing data occurs in almost all folios in one year or another, regression
analysis was used to find growth rates. This method involved finding the natural logs of the
annual real wage returns of individual firms at constant 1995 prices. The linear regression of
the time series of the log-transformed annual wage returns for each firm was calculated and
the linear trend was used as the measure of their individual growth rates. The growth rate of
the HVCA members as a whole is calculated using the regression co-efficient of the time
series of the log-transformed annual aggregate wage returns. In algebraic terms, the model of
growth is given as:

WR = ae™ (4.3)

where WR = annual wage returns
a = constant
b = growth rate, and
t =time

Transforming into logs, equation 4.3 becomes:

InWR = Ina +btlne 4.4)
lne =1

Equation 4.4 then simplifies to:
InWR = Ina +5t 4.5)

The coefficient, b, is then used as the measure of annual growth.

4.2.5 The geometric mean is extremely useful because it captures the annual changes in
firms from one year to the next, especially over short periods. However, the geometric mean
can be misleading when data is missing. If a firm is not expanding in the period prior to the
missing data and does not expand after the period of missing data then the geometric mean
would show no growth. If it did increase in size in the years when data was missing the
geometric mean would fail to record this. This is particularly relevant when dealing with the
gap in the wage return data between 1980 and 1987. For this reason in this research the
calculation of long run growth rates of firms based on wage return data relies on the linear
trend of the annual wage returns of individual firms. However, where comparisons of the
performance of different categories of firms over relatively short periods of up to ten years
are discussed, the geometric mean growth rates of firms has been used.

426 Allowing for the fact the geometric mean growth rate may be misleading where data
is missing, it is still useful, for example, in Table 14.1, where comparisons are drawn between
new and incumbent firms in the first 10 years after joining the HVCA. Of course, growth
rates based on the geometric mean are not comparable to growth rates based on the linear
trend.
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4.2.7 Linear trends have been used to establish long run life-time growth rates of individual
firms. Geometric mean growth rates based on the annual changes in wage returns have been
used where a year by year or less than life-time comparison is made between different types
of firm, such as new and incumbent firms, large and small firms and firms with varying peak
year rates of growth.

42.8 To illustrate the use of tests of statistical significance, for example, z- tests, the
following conventional method was adopted. The z-test may be used to compare sample
means based on the notion that the means of two samples from the same population would
tend to vary around the population mean, with differences of means occurring within a
known range (Black 1997, p.344). The z-test is based on the following equation:

z = (bar x; - bar x; )/ \}(012 /g + 6y’ /ny (4.6)

where bar x; = mean of first sample
o, = variance of first sample
and n; = size of first sample.

Where a null hypothesis is being tested such that bar x; = bar x,, provided the value of z is
less than or equal to + 1.96 at the 95 per cent confidence level, the null hypothesis cannot be
rejected.

4.2.9 In this research beta, B, is adopted as a measure of volatility, including the volatility
of wage returns or growth rates. The equation for f (Brealey and Myers, 1996 p.162) is
given as:

B = Gin/Om’ 4.7)
where P = measure of volatility

Oim = covariance of firm / and the market

om’ = variance of the market

This ratio is also used to compare heating and ventilating output to construction industry
output.

4.3 The measurement of survival

4.3.1 Inthis research the term “survival” refers to a firm’s continuous membership of the

HVCA without it necessarily remaining independent. Although this weaker operational

definition is used, the concepts of resource-, entity- and output- survival discussed in Chapter

3 are the preferred theoretical definitions. The length of survival of individual members of

- the HVCA in this research is based on the year of joining the HVCA and not necessarily the
year of actual founding. Indeed firms currently need to demonstrate at least 2 years trading

~ ‘within scope’ as a pre-requisite for joining the HVCA. The life spans of firms were assessed

by taking missing data in a firm’s annual wage return series and missing years from 1981 to

1987 into account where firms straddled the gap years. Provided a firm filed wage returns

under the same folio number, a change in ownership or a name change is ignored in the data.

43



'*:*+ C

2
=" %&&)* |/
2 #
% &") %&&)S$
# '*%*
'*0p |/
%,,
E 7@ A
$
7 )
trox '*0p #
% &) % #
%&8&$ #
2*
# %&") %&)% # %*8:% #
,*:>*
#
% &8: #
$
2 -."/3
%&)% 0 " (1
$ 2
2 % & &,
# 6 -
* # % & & +
2 +( # # %

44

3*

#

421 l“lA B d ’

#

%&), $

%&&)S$
%
%&)( #

% &)+

*
%l!

%&')B%&&)S

% &8 &* #
# % &)+
# ' H ( H

% &8 &

%



4.3.4 The average index of survival of new firms between 1962 and 1979 tended to vary
between 40 and 50. This result indicates that in those years new firms tended to survive on
average for less than half the number of years between the year of joining the HVCA and
1996, i.e. for between 7 and 17 years.

4.3.5 The peak year in the period up to 1960 was 1951 and the peak years between 1961
and 1979 were 1970 and 1972-3. The peak years of 1970 and 1972-3 are interesting coming
as they do shortly before the upper turning point in the heating and ventilating output series in
1974, but the lack of rising or falling trend in the annual survival ratings in this period may
indicate a random walk. The data for the period since 1987 is influenced by the right
censoring of the data, which prevents determining a meaningful peak survival rating in the
years between 1988 to 1996.

4.3.6 The chances of survival of a new firm is not given by the annual survival rating which
is based on the average survival index of firms in a cohort in a given year. For example, if all
firms in a given year, say 1976, had a survival index of 0.75 this would not mean that the
representative firm had a 75 per cent chance of survival. From such a set of data the
representative firm would have ceased to exist after 15 years or 75 per cent of the 20
maximum possible years before 1996. However, having survived a number of years the
proportion of firms of varying size and with different growth rates surviving to a given year,
can be found using the log hazard model of the Cox regression. This is distinct from the
proportion of an original population of firms surviving to a given year.

43.7 Everitt and Dunn (1991, p.193) suggest Cox regression, which, for example, gives the
rate of failure of a population of firms in year t, given that the firms had survived up to year t.
Cox regression is an example of a log hazard model used where data is censored. The
particular computer package used here is SPSS. If the hazard (namely business failure)
increases then declines with changes in growth rates, then the log hazard model is
appropriate. In Figure 14.1, for example, the survival rate of new firms is compared to the
survival rate of established firms. It appears that new firms have a lower survival rate than
incumbents. This is because the early high mortality of some new firms reduces the
proportion of new firms which survive. However, after the first three years, the new firms
that do survive in any year have a similar chance of failure as the established firms as can be
seen in the similar rate of decline. The Cox regression takes this into account. In terms of
this research the hazard rate is the proportion of firms failing in any one year. According to
Everitt and Dunn (1991, p.198), the simple version of this model is of the form:

log h(t) = o+ Pig (4.8)
where h(t) = hazard rate, given that firms survived to year t

o = constant
and g= growth rates
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This is derived from the hazard function (SPSS 1994a, p.294):
h(t) = [ho ()] &*® (4.9)

where h (t) = the hazard function
hy (t) = the baseline hazard
[ = regression coefficient
g = covariate such as average annual growth rate

4.3.8 However, because the spread of survival times is more like a Gaussian or normal
distribution, the proportional hazards model devised by Cox is given as:

log h(t) = a(t) + Bo+ B8 (4.10)

where log h(t) = log of the conditional density rate of hazard.
and at) = function of time

4.3.9 The conditional density rate of hazard is the rate of failure at time t, given survival up
to time t. Using the Cox regression in SPSS enables a number of independent variables to be
included in the equation. SPSS (1994a, p.295) applies the following equation to enable the
modelling of a number of covariates:

h(t) =[ho @] ®f P58 (4.11)

X1 to X, are the covariates or independent variables. In the application used in this research
the covariates were taken as growth rates, size and year of joining the HVCA.

4.4 Measures of concentration

4.4.1 Marsh (1988, p.90) and Barr (1998 p.151) discuss the Gini coefficient as a measure of
concentration and inequality in distributions. Barr concludes that the Gini coefficient is “in no
way definitive as a measure of overall inequality” (Barr 1998, p.153), because of a number of
criticisms including the arbitrary weighting of individuals based on their rank order, and the
fact that it gives ambiguous results when Lorenz curves intersect.

4.42 Barr (1998, p.149) discusses a number of measures of inequality of income other than
the Gini coefficient, including the variance and the coefficient of variation. Variance is
affected by changes in absolute values, which occurs because of the growth of firms over
time even after deflating the data. To overcome the increase in absolute values over time,
Barr suggests using the coefficient of variation:

C=o/u (4.12)
where C = coefficient of variation

o = standard deviation
I = mean.

46



4.4.3 An alternative measure of concentration is given by the Herfindahl index, H, (Hay
and Morris, 1991 p.210). This uses the aggregate of the sum of the squares of the market
shares of the firms in an industry.

H=Ys’ (4.13)
where s; = the market share of the ith firm.

4.4.4 Again H lies between 0 and 1, 1 being monopoly. On the basis that a simpler
approach should be preferred to a more complex method the Herfindahl index has been
adopted here. Moreover, Hay and Morris (1991 p.211) point out that in any industry the
average profit margin tends to vary directly with the Herfindahl index. This implies that
changes in the Herfindahl index may be used as an indicator of changes in profit margins.

4.4.5 According to Gibrat’s law firms’ annual growth rates are not related to their size.
Consequently, over time there would be a tendency for the larger firms to take a greater share
of the market and concentration would therefore increase. To test Gibrat’s law Evans
(1987a) suggests the use of regression. Thus;

InX, = p;+ fanX.; +&, &~N(0,6°) V't 4.14)

where InX; = log of market size in year t
B2InX:.; = log of market size in year t-1
€ = disturbance term in year t.
&~ N(O,oz) V t means & is distributed as normal with a mean = 0 and variance of o*.

44.6 IfB;=0,p,=1, then the market would be consistent with Gibrat’s law. These
conditions would then imply that concentration would increase over time. Iff,=0,8,<1,
then concentration would rise, fall or remain stable depending on the value of ;. This would
reflect the tendency of smaller firms to grow faster than larger firms in a contradiction of
Gibrat’s law. If B, > 1, then concentration would rise rapidly over time. This would also
represent a violation of Gibrat’s law.

4.5 Note on deflators used

4.5.1 The difference between price trends in repair and maintenance and new work within
heating and ventilating is not as great as the differences in these price trends in the building
industry as a whole. For the industry as a whole, repair and maintenance work involves the
use of a different combination of technologies and resources from new build.

4.5.2 New build involves large structural elements with finishes comprising a relatively
small proportion of the work, whereas work on existing buildings mainly concerns the
finishing trades only. For heating and ventilating engineers, work on new build and repair
and maintenance involves the installation of plant and equipment, albeit under different
working conditions.
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4.5.3 Cost data is available in the form of Mechanical and Electrical cost indices published
by the Department of the Environment, Transport, and the Regions. Published since 1970,
the main purpose of these cost indices is to adjust contract prices to take account of changes
in the cost of labour and materials in heating and ventilating and electrical installations.
Deflating the current heating and ventilating data by the mechanical and electrical (M and E)
cost indices may thus be said to provide the most accurate time series of real output of the
heating and ventilating industry. The disadvantage of using M and E indices is that these
specialist series only started in 1970, whereas the cost of new construction index extends
back to the 1950s and earlier.

4.5.4 The currently available cost deflator for construction industry output is the All New
Construction Cost Index, (ANCI), which replaced the Cost of New Construction Index
(CNC) in 1978. The ANCI can be found in Housing and Construction Statistics, which is the
main source of data on the construction industry (Cannon, 1994). The ANCI as its title
suggests is only concerned with new build construction. In constructing a deflator for the
whole post war period it is necessary to combine the ANCI which is currently used for new
construction with the Cost of New Construction (CNC) index which was only used from

1951 to 1978. Butler (1979, p97) points out a number of weaknesses in the CNC index
including the assumption made that the ratio of materials to output was constant, when in fact
it changed. Also, using the cost of new construction to deflate output does not take into
account fluctuations in the profit margin. During the long boom this may not have been a
significant problem but from the early 1970s the increased volatility of construction output
and the higher rates of inflation meant that changes in contractors’ costs and in the prices they
received diverged, altering profit margins.

4.5.5 There is also a possible distortion in cyclical measurement if the index used to deflate
the wage bill to constant prices does not fully capture the true variablility of rates of pay per
worker over the business cycle. This problem could arise for two reasons. First, the index
may reflect nationally negotiated wage rates rather than the average rates actually paid on
site. Actual rates of pay may fluctuate relative to nationally negotiated rates. Second, the
index may altogether exclude from its composition the wages paid to non-directly employed
labour only subcontractors (LOSC), which may also fluctuate even more than the wages of
directly employed workers over the cycle.

4.5.6 According to the notes and definitions given in Housing and Construction Statistics
1987-1997, (1998, p196) a number of output price indices are used to deflate contractors’
output of new work from current to constant prices in different categories of work. These are
public housing, private housing, public non-housing, private industrial and private
commercial. Repair and maintenance work is dealt with separately based on the costs of
materials and labour.

4.5.7 Because of the above limitations, the ANCI has not been used because it is only
concemed with new work. Instead, the deflator used in this research is based on the annual
implied deflators calculated from the current price output series and output at 1995 prices
based on a composite index including a combination of skilled and unskilled labour, and
materials cost indices, used by the DETR. This deflator therefore includes both new build
and repair and maintenance work on existing stock. This deflator is not published as a
separate index but can be calculated from the published series of total construction output at

48



current prices and total construction output at constant 1995 prices in Table 1.6 in Housing
and Construction Statistics. As this implied deflator takes both new build and repair and
maintenance into account, it is referred to here as the implied Gross Construction Product

Index (GCPI), although this is not its official title. The GCPI covers the period from 1955 to
1997.

45.8 HVCA wage return data was deflated using both the Retail Prices Index (RPI) and the
Gross Construction Product Index (GCPI). The RPI related the deflated data to GDP in terms
of the real purchasing power of wages paid to labour. The GCPI was used to relate HVCA
wage return data to construction industry output data.

4.5.9 Wage returns are reported at current prices. Reid and Myddelton (1996 p.245)
describe the loss in the value of the pound between 1945 and 1995. According to Reid and
Myddelton, the rate of loss in the purchasing power of the pound accelerated between 1945
and 1980, since when the Retail Price Index (RPI) has continued to inflate but at a lower
annual rate on average. As a consequence, the purchasing power of the pound in 1995 was
less than 5 per cent of its purchasing power in 1945.

4.5.10  Fleming (1986 p.119) points out that one of the most important problems of
interpretation of time series research results concerns the method used to convert current
prices to constant prices. This especially concerns the choice of index to use for deflating the
reported HVCA wage return data. In this research the GCPI was used in preference to the
Cost of New Construction index (CNC)/Cost of New Output index (ANCI) to deflate current
price time series such as the total output of the heating and ventilating industry within the
construction industry. The GDP implied deflator (GDPI) is also used in this research when
comparisons between the construction industry and the broader economy are required. From
Figure 4.2 it can be seen that there are important discrepancies between the series, especially
in the period between 1990 and 1993, when the decline in construction prices was not
reflected in the economy at large. Deflating construction data using the GDPI therefore
overstates the real decline in construction output in the recession of the early 1990s since the
real decline in output was the result of lower current turnover partly caused by lower prices
and only partly by lower real output.

45.11  InFigure 4.2, a seemingly insignificant dip in the ANCI series from 1968 to 1969
was discovered to have been an error in the DETR’s published data. This decline from an
index value of 17.1 to 12.6 amounting to a drop of 26 per cent, causes extreme changes when
the current data for 1969 is deflated. It was consequently found that the data prior to 1968
was relatively greater than it should have been. Visually there should be hardly any
difference between the three series prior to 1969.

4.5.12  When the ANCI was rebased to 1990 and five years later when it was rebased to
1995 errors were introduced into the series. The ANCI series up to 1968 used the early part
of the series ANCI 1985 =100 but the years since 1969 were re-based on ANCI, 1995 = 100.
For example, the Digest of Data for the Construction Industry (4th edition, 1997) contains the
error in Table 2.2 on page 29, where the ANCI 1968 Q4 = 16 and 1969 Q1 = 11. No such fall
in prices actually occurred. As a result of the discrepancy GCPI has been adopted as the
main deflator used in this research.
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4.6 Research methods

4.6.1 In order to observe the growth and survival of firms over a large number of years,
longitudinal studies of firms in trade in a number of given years were undertaken. The firms
in trade in a particular year are comprised of incumbents and entrants, which separately or
together form cohorts. These cohorts of firms form panels and repeated annual measures of
size, annual growth rates and survival of individual panel members can be taken. Everitt and
Dunn (1991, p.206) suggest a number of approaches to panel studies, including studies in
which changes over time are monitored and studies in which intervention takes place. In this
research the cohorts are often divided into incumbents and entrants for the purpose of
comparing the performance of established firms with new firms. In any panel data study
several problems can be anticipated. The non-response of firms (assessed or incomplete data)
or the effect on the panel of firms dropping out (firms leaving the HVCA) will affect the
panel increasingly the longer the period of the study. Incidents occur, such as the merging of
the Refrigeration Association with the HVCA, and conditions change as the business cycle
continually raises or lowers demand in the heating and ventilating market, encouraging the
entry of new firms or bringing about the demise of others. As a result new representative
panels need to be composed periodically.

4.6.2 In this research the long run average annual growth rate of firms depends on the
period selected. As the industry grew until the mid 1970s, the average aggregate annual
growth rates of the cohorts of firms before 1973 from the year of entry to 1996 tended to be
greater than the growth rates of cohorts for years after 1973. Nevertheless in order to conduct
a long run study of the heating and ventilating industry it is necessary to use cohorts from the
late 1950s and 1960s, especially as wage return data is missing for the years 1980 to 1986.

4.6.3 The cohorts of new firms between 1947 and 1993 were also studied in terms of their
survival ratings. However, in order to cover each cohort of firms in terms of their growth
rates, size and survival would have required much more space with little addition to the
principles governing the relationships between these variables. It was therefore decided to
study one cohort in particular and the cohort of firms already in or joining the HVCA in 1963
is used as an example of a set of firms whose behaviour, growth and survival can be traced in
the data. A stratified panel study is composed of the same firms for a given number of years
and is used as a sample to reflect a population. The cohort of firms used here is the
population of the cohort of firms, which were in the HVCA in 1963 and for which data has
been found. Annual wage returns are compared to a number of particular variables such as
employment, output and number of firms of the heating and ventilating engineering sector
since 1957', when the currently used industry series in Housing and Construction Statistics
began.

4.6.4 For the purposes of this research the focus of interest is the relationship between
growth and survival of individual firms rather than the long run aggregate patterns of growth
of the heating and ventilating industry as a whole. Nevertheless, the wage return data
gathered for this research are compared to the output of the heating and ventilating industry,

! Only in 1957 were heating and ventilating contractors included in data as a separate category in the
Ministry of Works Annual Return of Labour and Output for Building, Electric Wiring and Contracting, and
Civil Engineering Contracting (Fleming 1980 p.539).
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construction industry and the Gross Domestic Product. To this end multiple regression and
correlation will be used to test time lags and consistency.

4.7 Limitations of research methods

4.7.1 One major limitation of the wage return data used in this study is that it has been
necessary to use only declared wage returns. Throughout the period studied all members of
the HVCA were obliged to submit their wage bills. This research is specifically concerned
only with the population of member firms, who actually filed returns with the Heating and
Ventilating Contractors Association in any given year. However, any firm failing to send in a
wage return was assessed for the purpose of calculating its membership fees. As assessments
were used to deter firms from late or non-submission, they often included an implied penalty
in the form of an assumed increase over the previous year’s return. From the point of view of
giving a measure of actual wages paid or a measure of output, these assessments would be
misleading, as they were usually calculated when firms were in difficulties and unable or
unwilling to send their wage returns in on time. Assessed returns were therefore excluded.
However, the declared wage returns used in this research therefore tend to bias the results in
favour of the more successful firms in any one year.

4.7.2 Moreover, it should be noted that wage returns refer to the wages paid to heating and
ventilating employees regardless of the nature of the work undertaken. It therefore included
work outside the heating and ventilating industry carried out by members. This also applies
to turnover figures until 1995, when the definition of turnover was altered to include only the
value of work within the scope of the HVCA (HVCA, 1995 p.18).

4.7.3 Only a proportion of firms in the heating and ventilating industry are members of the
HVCA in any one year. Thus in interpreting aggregate wage returns, not only do they only
represent a proportion of firms in the industry, but a proportion of these wage returns
represents HVCA member firms” work outside the field of heating and ventilating, air
conditioning and refrigeration.

4.7.4 In the period covered by this research, much of the official construction data is based
on a sample of firms in the official register of construction companies. Not since 1952 has
registration been compulsory. As a result the register of construction firms became
increasingly unrepresentative until the early 1970s. As registration was voluntary the rate of
increase in the size of the register did not necessarily reflect the rate of increase in the
population of firms in the industry as a whole. Similarly, membership of the Heating and
Ventilating Contractors’ Association is also voluntary and membership growth cannot be
used to confirm or deny changes in numbers of firms in the whole heating and ventilating
industry. Instead, HVCA membership must be compared with the number of heating and
ventilating industry firms on the official register.

4.7.5 The notes published in Housing and Construction Statistics (1998 p.197) repeat and
update the notes of earlier editions. According to these notes the DETR conducts regular
surveys of private contracting firms based on a register of ‘reporting units’, which may be
firms reporting as a whole including subsidiaries, or may be separate parts of one firm
operating in different regions. In 1973 the official register was revised, adding 25,000 firms
to the existing 70,000 firms which could be sampled. In 1982 a further 45,000 firms were
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added to the register (Fleming 1986 p.221). The register has thus varied in size rising to
195,000 in 1993, In 1996 there were 163,000 firms on the register, all of which were sent
questionnaires.

4.7.6 However, firms with fewer than 8 people are classed as ‘small firms’ and only need to
supply a minimum of information. Another problem with official data, to which Fleming
refers, is the systematic omission of small enterprises although they comprised the vast
majority of firms and a sizeable proportion of output. The register omitted many small firms
because voluntary registration since 1953 had meant that these firms tended not to register,
while the Census of Production only sent out returns to the larger firms (Fleming 1980
p.159).

4.7.7 In October of each year only the larger firms are asked to provide data on third quarter
output and employment levels for the Private Contractors’ Census. This data forms the basis
of annual output estimates of the heating and ventilating industry used in this thesis,

although, of course, the majority of firms employ fewer than 8 people. Adjustments are made
(formerly by the DoE or latterly by the DETR) to take account of the omission of smaller
firms. However, because no allowance is made for firms not on the register, annual changes
do not necessarily reflect structural changes but may only reflect changes in the register
(Housing and Construction Statistics, 1998, p199).

4.7.8 Moreover, the reporting of subcontract work may be under-reported because main
contractors on the register may have correctly deducted the value of subcontracts to firms
which were omitted from the register. Meanwhile, in other cases double-counting of
subcontracted work may have occurred when main contractors included subcontracts in the
value of their output and subcontractors again reported, (as they were supposed to), the same
work as their own contribution (Fleming, 1986, p.120).

4.7.9 There is a relevant discussion in Fleming (1980, p.46) concerning the official
accounting of subcontracted work in the construction industry. Different methods were
adopted by the Department of the Environment (DoE) and the Census of Production (COP).
The DoE only asked firms to report work for which the contractors themselves were
physically responsible. The COP asked firms to provide the value of work carried out by
them and by their subcontractors. Both methods are liable to double counting. Double
counting of the number of firms also occurs because some firms with branches in different
regions would have submitted multiple returns and each one would have counted as a
separate reporting unit or firm (Fleming 1980 p.65). Moreover, the timing of payments to
subcontractors depended on when they were paid by main contractors and long delays would
have caused time lags in the data between when the subcontracted work was carried out and
when it was recorded in the data (Fleming 1980 p.50).

4.7.10  The accuracy of the data actually gathered especially up until 1968 also raises
serious doubt (Fleming, 1980, p.47). In a report by Sugden and Reddaway (1973, pp.263-6) a
survey of 50 contractors found that, while some contractors based their returns on valuation
certificates (which included materials not necessarily worked on yet), others used costing
systems and still others multiplied a typical output per head by the number of people
employed. If contractors based their returns on cash received, as some did, this would have
included retention monies for work carried out in an earlier period.
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47.11  Inthe early post war period only firms who responded to the questionnaire were
recorded in the COP. Apparently the sample results did not attempt to take non- respondents
into account (Fleming 1980 p.63). Fleming (1980 p.162) also points out that in the four
censuses conducted between 1954 and 1968, work done was divided between main and sub-
contractors, but only according to the type of work undertaken in the main by each firm. An
accurate assessment of the total work done under subcontract or as a main contractor cannot
be deduced from the data.

4.7.12  In 1955, after war time building controls were ended in 1953 and 1954, changes
were introduced to data collection methods (Fleming, 1980, p.97). During the Second World
War and until 1953, compulsory registration of firms had meant a ready source of
information was available. When registration became voluntary, the register became less
reliable and in 1955, the Ministry of Works used the SIC 48 to select a sample of firms and
reduced the number of firms in its list (Fleming 1980 p.98). This method was used until
1977, by which time discrepancies in the register of firms had led from an under-recording of
7.5 per cent in 1963 to an under recording of 13.5 per cent in 1972. Because of the under-
recording of data, revisions were carried out in 1973, which had the effect of increasing the
1972 construction output by 8.5 per cent (Fleming, 1980, p.151).

4.7.13  Fleming (1986 p.223) also points out the difficulties of classifying firms within
construction. Specifically he refers to the mis-allocation of firms by trade. Before 1971,

firms were classified periodically, and if a firm switched from ‘Plumber’ to ‘Heating and

Ventilating Engineer’, the change would not have been recorded for several years.

4.7.14  Another important factor to bear in mind is the time lag between activities and
reporting results, especially as projects could run over a number of years (Fleming, 1986,
p.120). This is apparent in all the accounting and wage return data in this research. For this
reason an attempt has been made to build-in time lags into the annual data to account for the
fact that the data is end of year. It has been assumed that the wage returns are filed with the
HVCA on average several months after the accounts are completed. For this reason the wage
return data in year ¢ is assumed to refer to wages paid in year ¢ - 1.

47.15  Cannon (1994, p.308) asserts that there had been a decline in the quality of data
concerned with the construction industry, partly because the basic framework of the data had
not altered in spite of major changes which had taken place over the last twenty years. The
Statistics of Trade Act 1947 had required monthly returns concerning contracts and orders for
new construction, quarterly returns on construction activity and annual returns of small firms.
Only in 1991 was a review of construction statistics undertaken by government. An
infrastructure series was introduced in 1993 and several minor changes were made in
Housing and Construction Statistics, which contains several references to heating and
ventilating contractors, together with the introduction of the complementary Digest of Data
for the Construction Industry, which contains little data directly related to the heating and
ventilating industry.

47.16  Cannon (1994, p311) also points out that building services as a proportion of total

construction output can only be obtained by estimating their share of construction costs in
different building types. Thus there is no industry wide statistical basis directly supporting
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4.8.2 A separate exploratory study was therefore conducted between February and April
1998, to find out the degree of accessibility of company accounts data and the problems
involved in interpreting these accounts. See Appendix 2 for details of the exploratory study.

4.9 Concluding remarks

49.1 This chapter has discussed a number of methods of calculating the long run annual

growth rates. The main features of the statistical methods used are:

e the two preferred methods are the geometric mean of annual growth rates and the log
transformed regression coefficient of size.

¢ In order to measure survival an index of survival was used. This index is based on the
percentage of the maximum possible survival period firms survived from the year of
joining the HVCA to 1996.

¢ In the main the deflator used in this research is the implied deflator used by the DETR to
calculate constant total construction output from current total construction output data.
This implied deflator is referred to in this research as the Gross Construction Price index
(GCPI).

e This research is a study of a population of firms rather than a sample. All firms which
were identified as having been members of the HVCA, and for which annual wage return
data was available, have been included in the analysis. No wage return data for the period
from 1980 to 1986 is available.

4.9.2 Before dealing with the data analysis of the heating and ventilating industry a number
of contextual and theoretical issues are discussed. Because of the contingent nature of many
of the changes which have taken place in the heating and ventilating industry the following
chapters in Part 3 provide the historical context. In Part 3 changes in the heating and
ventilating industry are seen inter alia as responses to changes taking place in the wider
economy. Part 3 deals with the political, social and economic events in the post Second
World War period making use of the perceptions and perspectives given by the Annual
Reports of the HVCA.

56



Part 3  Contextual issues

The History of the Heating and Ventilating Industry
since the Second World War.
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