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The purpose of these notes is to show how labour economics can be used to analyse and understand real economic episodes and events. The case study in question is Robert Owen’s management of the New Lanark Cotton Mills in the 19th century. We start by outlining the details of the case, then propose a theoretical framework, and finally use the framework to understand the case.

Owen at New Lanark: Most of the published works on Robert Owen deal with his role as a benevolent employer, and explore in detail the social and educational reforms he pioneered at the cotton mill village of New Lanark during his 25 year period as mill manager.  This information sheet considers Owen’s role as a businessman, focusing on the economics of the mills at the start of the 19th century.  Owen is known to have been a strict but fair manager, and on his arrival at New Lanark in 1800, he planned to tighten up on the day-to-day running of the establishment in order to maximise output and profits. 

In the year 1764, twenty years prior to the establishment of New Lanark Mills, cotton, as an article of commerce, was scarcely known in the United Kingdom.  However, the benefits of this relatively cheap, and easily manufactured fibre were soon realised, and, coupled with an increase in the demand for the fibre in the clothing industry, the cotton trade was booming by the end of the 18th century.  Owen kept a close eye on the cotton trade throughout his working career and continually campaigned for a repeal of the duty on the importation of cotton wool.  This, he felt, was putting a limit on a trade that provided significant employment and commercial revenue for the British economy.

In 1800 Owen and his partners bought New Lanark Mills for £60,000, at a time when the establishment had become one of Britain’s largest manufacturer of cotton yarn.  One year prior to this Owen married Caroline Dale (daughter of New Lanark’s founder – David Dale) immediately entering Owen into an agreeable position.  His father-in-law was a cashier of the Royal Bank of Scotland and well known in the aristocracy of Glasgow’s Merchant City. Access to extensive trading capital was also gained, such as the excess funds of Archibald Campbell of Jura.  This agreement with Campbell had first been established by Dale through marriage, and provided Owen with significant capital funds to be invested in the mills.   

Owen’s relations with his partners were not always agreeable, not only because he could be a difficult man to work with, but also because his partners were concerned over his delay in paying back debts.  In 1812/13 he had significant problems in meeting the share calls for Campbell of Jura, resulting in Campbell seeking legal advice against him, and raising alarm bells to his partners at that time.  After Owen created a new partnership in 1814, he refused to both re-employ, and re-pay his under-manager Humphreys.  Owen lost the court hearing, and was ordered to pay what he owed to Humphreys.

Many other disputes arose over Owen’s desires to channel funds into the social well-fare of the villagers, against the will of his commercially focused partners.

Finding a workforce

When Dale first opened his mills, he found it difficult to recruit a large enough workforce.  The surrounding area was scarcely populated, and with a fair proportion of the population working at home or in agriculture, long hours working indoors at a noisy machine, was not an attractive option for most citizens.

David Dale turned to orphans from the poorhouses of Edinburgh and Glasgow to supplement his workforce, providing food and shelter for these children, some as young as six years old, in return for their labour.  Around 400 “pauper apprentices” worked for David Dale.

At this time families from the Highlands were starting to emigrate in search of a new life. Dale persuaded many Highland families to move to New Lanark and work in the mills.  Both the pauper apprentices, and in-coming families, were well received by Dale who provided comfortable accommodation and fair conditions for them (in comparison to other mills of that era.)

Owen Introduces Efficiency Measures

When Owen arrived at New Lanark, much could be criticised both in the efficiency of the plant, and in the social state of the village affairs.  Owen therefore introduced a series of changes to both the economic, and social arrangements of the mills and village, to alleviate these problems.  It must be noted however, that Owen had a tendency to paint a grim picture of the village during Dale’s ownership, in order to exaggerate his own achievements in the years to follow.

Having dismissed Kelly and Dale, who were managers under Dale, Owen started his factory floor reforms almost at once.  “Output, labour costs, hours of work, stocks of yarn, types of cotton and their origin as well as every other aspect of factory production were rigorously supervised, as the superbly kept ‘ Produce’ and ‘Report Books’ amply illustrate.”

By recording each worker’s output, individual production was also monitored, and by carefully choosing those who were to be delegated powers, he maintained considerable control over the day-to-day decisions being made.  By meticulously maintaining his records Owen could present to his partners, at any time, the annual output for the whole factory as well as the total production costs for each year.  Overall, he was successful in reducing waste and raising productivity, with output rising from 514,750lbs weight in 1801 to 1,146,842lbs in 1809, and more than 1.6million lbs in 1812. 
 (See table at end of sheets for further details on production and labour costs.)

In the home markets, Owen sold to contacts throughout Britain, whilst the main foreign exports were to St.Peterburg. Every 10lb bundle of export yarn had a label attached to it, bearing an illustration of New Lanark. Even if the purchaser could not read English, he could easily recognise the New Lanark logo, which soon earned the product its familiar name- ‘picture yarn’. Owen was therefore introducing what we would name today, a ‘brand logo’. 

A benevolent employer

Unlike the majority of employers of the Industrial Revolution, Robert Owen took the well-being of his workers into consideration in his plans.  This did not always produce agreeable relationships with his partners; many were purely concerned with commercial interests.  For example his plans to build a school in 1809 led to the dissolution of his first partnership, and again in 1813 when his new partners showed concern, with good reason, over Owen’s management of finances.  

Nevertheless the humanitarian system of management Owen introduced was remarkably advanced for the early 19th century, years before factory legislation had become effective.  He achieved the disciplining of his workforce without resorting to violence, through the introduction of silent monitors.  Working hours were reduced, and wages were still paid to workers during the 1807 American embargo of cotton, when high prices forced production to be halted in the mills.  It was through such measures that Owen gained popularity amongst the New Lanark villagers, overcoming the resistance he had met from workers during his first few years of factory reform in the mills. 

It must be noted, however, that the changes made at New Lanark took place without consulting those who would be affected most by them i.e. the workers. Owen’s “humanitarian” intentions were aimed at what he labelled his “human engines”, who were compelled to adopt whatever measures Owen believed necessary for the creation of a happy and efficient workforce.  Not surprisingly, some of his ideas were met with opposition from the New Lanark villagers.  Furthermore, although Owen became famous for being a benevolent employer, other mill managers were also known to have cared for their workers; the majority did not receive the credit and fame that Owen acclaimed.  For example, Findlay, who ran Deanston’s mill in Stirlingshire, created a model village with school, sick-fund, village store, and positive incentives to encourage home care.

Wages at New Lanark

In comparison to other establishments, the wages at New Lanark were not specifically high, thus reducing the costs incurred by Owen.  Nonetheless the low wages were compensated for by low rents, an inexpensive village store, excellent educational provision and medical care. 

Wages in the New Lanark Mills in 1800
	Millwrights
	12 – 14/3 per week

	Wood Turners
	8/9 – 10/9 per week

	Hagmen for turners
	7/6 – 8/9 per week

	Joiners for Jobbing
	8/ - 14/3 per week

	Doorkeepers and watchmen
	7/4- 8/ per week

	Masons for repairs
	9/ - 10/ per week


Wages would increase according to skill, age and experience

Source: New Lanark Mills Wages Book for 1800

Owen’s salary as managing partner, in this same year, was £1,000 per annun, the equivalent to the income of a prosperous laird or merchant.  He had quite obviously landed himself in a very comfortable position on the transfer of ownership from Dale, establishing generous terms with his father-in-law on his salary, and the repayment of the £60,000 sale.  For this reason, many have doubted Owen’s marriage to Caroline as one of love, condemning the arrangement as one which placed Owen, first and foremost as Dale’s entrepreneurial heir.

“High wages it is quite manifest are not the cause of comfort which prevails here.  Amongst us their earnings would be thought low.  The wages of those under 18 years of age, per week, are, for the males that work by day, 4s 3d; for the females 3s 5d; and for those that week by the piece, 5s.4d for the former, and 4s,7d for the latter…..Every person in this establishment contributes one sixtieth part of his wages to a common fund which is appropriated to his relief, in the time of sickness, besides which there is a savings’ bank for the work people, whose deposits as taken last Christmas, amounted to £3,193 14s. 10d.  

There are stores also from which the people are supplied with all the necessities of life.  They have a credit there to the amount of 16 shillings a week, but may deal elsewhere if the choose. “

R. Southey 1819 writes of conditions at New Lanark in  “Journal of a Tour of Scotland”

Typical Prices in Lanarkshire in the 1790s (the village store may have been cheaper)

	Veal 4d-6d per pound
	Butter  8 ½ d – 10 d per pound

	Lamb 5d per pound
	Eggs  4d – 7d per dozen

	Hens  1s.3d. – 1s.6d per pound
	Sweet Milk  2d per Scotch Pint

	Beef and Mutton 3 ½d - 4 ½d per pound
	Churned Milk ¾  d per pound


Source: The Old statistical Account for Scotland
“In one of our walks, we met a woman with a choice piece of beef, purchased at the (New Lanark) establishment. She told us that she had paid only 7d. per lb. And that she could not have bought is under 10d. in Glasgow market.”

Extract from “The New Views of Mr Owen, impartially examined” By Dr H McNab (1819)


It can be suggested therefore, that if being “better off” is judged not solely on income, and includes quality of life and standard of living, then the people of New Lanark (with their village store, good solid homes, education system, good factory conditions etc) were certainly in a comfortable position. 
Housing Rent

In 1830 rent was recorded as follows:

-deducted from wages at fixed rates monthly; lowest rent for two rooms was £3 and highest about £5  (per annum)

Water Rent

During Owen’s era, there were many disputes between the village workers and the Edmondstones of the Corehouse estate (across the river), regarding the right of the water between them, and the trespassing of villagers onto the Corehouse estate. The company settled these quarrels by agreeing to pay the Edmondstone’s an annual rent of £200 a year (see entries in Balance Sheets below).  Duty paid to Mr C Ross is for the buildings and channel of water in the village is also shown.
	1816
	Mill expenses for Rent of Water to Miss Edmonston
	£150
	
	Rent of Water lead, duty on houses and village
	£13.18

	30th June

1818
	Mill Expenses- for rent of water to Miss Edmonston
	£200
	
	Rent of water lead, duty on houses and village
	£8. 3. 9

	31ST March

1820
	Mill Expenses for rent of water to Miss Edmonston
	£150
	
	Duty of water lead to Sir C Ross
	£6.18.11


Production and Labour Costs under Owen’s management

New Lanark’s Production and Labour Costs, 1801-1821
	Year
	Yarn Output (lbs)
	Av.Count (hanks per lb)
	Labour Cost (per lb)

	1801
	514,750
	24.5
	5.5

	1802
	584,325
	24
	5.4

	1803
	510,175
	24.4
	5.4

	1805
	736,925
	23.4
	6.1

	1809
	1,146,842
	18
	9.5

	1810
	1,440,895
	18
	9.1

	1811
	1,620,373
	18.5
	8.9

	1812
	1,622,070
	19.25
	7.5

	1814
	1,385,390
	25
	4.7

	1815
	1.451,947
	24.5
	4

	1816
	1,339,434
	26.5
	5.4

	1817
	1,424,513
	25.8
	5.2

	1818
	1,457,096
	24.2
	4.9

	1819
	1,465,445
	24.8
	5.1

	1820
	1459,094
	27.2
	5.3

	1821
	1,377,580
	27
	5.2


Notes: 

1. 1801-1805 figures based on produce books have been estimated on the basis of December figures in each year.

2. Labour Cost 1809-18011 may include some element of capital cost but are Owen’s own figures.  Dispensing with child labour may also have raised costs.

3. Figures for output after 1809 higher because of additional mills in operation.

4. 1820-21 figures include night-working costs after No3 mill was destroyed in 1819.
Cited from “Robert Owen as a Businessman” J, Butt. 

Source of data :Gourock Ropework Company MSS Owen Correspondence, Manchester, 129 

Profit or Loss?

Unfortunately no adequate information is available on New Lanark’s profits from 1803-10.

Profits at New Lanark 1810-14 for New Lanark Twist Company

	Year
	Profit / Loss

£                s          d
	Interest

£
	Gross Profit

£            s        d

	1811
	8,817         16        9
	3,000
	11, 817        16       9

	1812
	8,000        0          0
	3, 000
	11,000          0       0

	1813
	49,953     15         16
	3,000
	52, 953       15      6

	Totals
	66,771      12        3
	9,000
	75,771         12      3

	Capital Gain from Sale of mills



   34000
0         0



	TOTAL GROSS GAIN FROM PARTNERSHIP

  109,871        12     3



Profits at New Lanark 1814-25, Robert Owen and Company, 1814-1825

	Year ending Dec 31st 
	Profit/Loss

   £      s    d
	Interest

   £       s    d
	Gross Profit/Loss

        £     s    d

	1814
	  -9,831   11   1
	3,827  8  5
	   -6,004  2   8

	1815
	 21,100    16  0
	4,548  17 3
	  25,649  13  3

	1816
	 12,984   12  8
	6,500  0  0
	  19,484  12   8

	1817
	   9,000   0   0
	6,500  0  0
	  15,500  0    0

	1818
	   9,000   0   0
	6,500  0  0
	  15,500  0    0

	1819
	 15,500   0   0
	6,500  0  0
	  22,000  0   0

	1820
	  -2,162   19  5
	6,500  0  0
	    4,337  0    7

	1821
	  -6,666   11  6
	6,500  0  0
	  -   166  11    6

	1822
	 13,000   0   0
	6,500  0  0
	  19,500  0    0

	1823
	 22,432   0   0
	6,500 0  0
	  28,932  0   0

	1824
	 15,015    0   0
	6,500  0  0
	  21,515  0    0

	Totals
	 99,371   6   8
	 66,876 5  8
	166,247 12 4

	Capital depreciation allowed
	                                20,667  19  0

	*Loss made at Stanley in 1814
	                                  6,000

	Total gross gain at New Lanark
	                              192,915  11  4 


Source: Owen Correspondence, Manchester, OC 2100, J.Wright to R.Owen 10 Jan 1853

Letter from Robert Owen to William Allen, 1815

“the comfort, the morals and the happiness of the people, far, very far indeed, exceed that of any other cotton-manufacturing establishment in the kingdom-I might safely say in the world- and from the day I undertook the management of it, to this hour, although I have first and last expended £100,000 on its improvement, it has paid interest of capital and an ample profit.”

New Lanark Cotton Mills

The New Lanark Cotton Mills offer an interesting and instructive insight into the functioning of a business enterprise in a capitalist economy. Capitalism is a form of economic, political and social organisation which dates back at least 200 years. Two of its important features are: (1) a legal system  enforcing Property Rights and Contracts and (2) a widespread Factory system. The importance of the legal system lies in the fact that it enabled investors and traders to have a form of security guaranteed by the State. Some important features of the Factory system are: (1) Use of Modern Technology; (2) Large scale Production ;(3) Task specialisation and Team work;(4) Wage Payment as remuneration system (5) Business Organisation (6) Marketing.

Setting up and establishing a factory might require some of the following steps: (1) Getting together a team of partners;(2)Choosing a Product;(3) Finding and acquiring Site; (4) Technology; (5) Raw Materials;(6) Power; (7) Work Force & Human Resources; (8) Organisation of Production; (9) Marketing.

This entire process is led by a single goal – that of maximising profits. The case study will primarily  focus on the link between human resource management , productivity of the work force and profits of the company. The implications for employment will also be studied. 

A necessary condition for profit maximisation is that costs are minimised , given the scale of output. Once the technology has been installed, the major costs of production are power, raw materials, and labour costs. Of these, perhaps the most important is labour costs. Hence any profit maximising strategy must involve producing the required output at the lowest possible labour costs. What does this imply for the wage policy of the business? At first blush, it might seem that the business should pay the lowest wage it can get away with. That is to say, part of any  profit maximising strategy should include paying the workforce its opportunity cost only. But what if paying very low wages actually reduces the productivity of the work-force as a whole? It is then not clear that a wage policy of paying the rock bottom wage necessarily minimises labour costs. A more sophisticated wage policy may be required. Furthermore, productivity is also affected by the work ethic and control system that is used to discipline the work force. We shall study all these strategic decisions.

New Lanark provides us with some evidence on the actual functioning of a cotton - producing factory. The previous brief account motivates at least the following questions.

(1) Who were the partners? Were they cohesive?

(2) Why was the site chosen?

(3) What type of technology was used to produce cotton yarn ? Did it change? How much did it cost?

(4) What was the maximum scale of production?

(5) Where and at what prices was the raw material acquired?

(6) What was the source of power and its cost?

(7) How was production organised? Shifts? Teams? 

(8) How and at what level were workers remunerated? 

(9) Were the workers happy?

(10) What was the productivity of the workforce?

(11) What were the profits of the company? 

(12) Where and how was the product marketed?

In examining the evidence we need to think about the appropriate standard of comparison. We will also need to develop a theoretical framework in which to analyse the evidence.

We start with the technology. This obviously places a limit on the productive potential and hence on the profits of the enterprise. Once installed, to change the technology is a often a difficult and expensive operation. Usually, the choice is quite limited by engineering knowledge. From the  perspective of economics, technology is something of a black box. We visualise it as follows:
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In order to simplify, we concentrate on the major input, viz,  labour. Once the technology is known, the relationship between labour input and (cotton) output is fully specified. We call this relationship the Production Function. It specifies the level of output (suitably measured) that can be produced by the given technology for any level of labour input (again suitably measured in say man-hours). It can be depicted as a table, an equation or graphically. 
Example I.1: Suppose we denote units of labour (man-hours)  by L and units of output (bales of cotton) by Q, then an example of a production describing cotton production might be : Q=10 (L. Table I.1 below show exactly the same information as does Figure I.1.

Table and Figure I.1 are to be interpreted in the same way. Thus if the labour input is 4 (man-hours), then the total output produced would be 20 (bales of cotton yarn). If the labour input is 5 (man-hours), then the total output produced would be 22.4  (bales of cotton yarn). Note that it is important to specify the units in which both the input (labour) and the output are measured.
Table I.1 : The Production Function , Q = 10(L
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Properties of Typical Production Functions

Note from Table I.1  and Figure I.1 that doubling the labour input from 4 to 8 man hours does not double the output. Output increases from 20 bales to 28.3 bales – an increase of only 41% compared to the labour increase of 100%. A production function which has this characteristic is said to display diminishing returns to scale – a doubling of all the inputs leading to less than doubling of the output. This property is reflected not only in the Table but also in the concave shape of the graph in Figure I.1. A simple graphical test is to join any two points on the graph by a straight line. If the straight line  lies below the graph, then the production function represented by the graph has diminishing returns. Not all production functions have this property of decreasing or diminishing returns.

Exercise 1.1: (a) Use the production function Q=10 (L to extend Table I.1 for L= 12,….20. (b) Sketch the extended Table (i.e. for  L=1, 2, … 20) on Graph paper. (c) Join the points on the graph for L=10, Q=31.6 and L=16,Q=40 by a straight line. What do you conclude?

The production function  is central to the analysis of  the possible strategies of the enterprise. In particular if the real price of a labour unit is known, then the profits for each possible value of L can be determined. Typically, the price of labour is measured in £ per man hour and the price of cotton in £ per bale. These money prices are sometimes called nominal prices. By the real price of labor, we mean simply the price of one man hour measured not in money but in bales of cotton. Note also that there are many different combinations of the money price of labour and the money price of cotton which yield the same real price of labour.

 Example I.2: If the money price of labour is £ 30 per man hour and the price of cotton is £ 15 per bale, then the real price of labour is 30/15 =  2 bales per man hour.

Exercise 1.2: (a) If the money price of labour is £ 15 per man hour and the price of cotton is £ 5 per bale,  what is the real price of labour ? (b) If the real price of labour is 2 bales per man hour, and the price of cotton is £30 per bale, what is the money price of labour? (c) What inference about the money price of labour and output price can be made from the fact that the real price of labour has risen?
Knowledge of the production function and the real price of labour is sufficient to determine the firms hiring and production strategies.

Example I.3: Suppose the real price of one labour unit is 2.236 or (5. In other words hiring one man hour costs 2.236 bales of cotton. Then the following profits Table can be determined.

Table I.3: Profits
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Note that for this production function and for a price of labour units = 2.236 cotton bales per hour, the profit maximising strategy is to use L=5 man hours , produce and sell Q= 22.4 bales which yields a profit of 11.2 bales. Although, this may involve a considerable excess capacity, there is no reason for the firm to expand. 
Exercise 1.3: (a) Recalculate the Profits table above if the real price of  labour is 3 bales per hour. What is the optimal strategy? (b) Recalculate the Profits table above if the real price of  labour is 1.71 bales per hour. What is the optimal strategy?(c) How is the optimal strategy changing as the real price of labour changes?
The Marginal Product of Labour 

Whilst the production function is the primary way of describing the input-output relationship, it is not always the most helpful. A more helpful alternative is based on the concept of the marginal product function. Recall from Table I.1 that increasing labour input from 4 to 5 hours increases output from 20 bales to 22.4 bales. In other words, adding one extra man hour adds 2.4 to total output. This is the marginal product of the fifth man-hour.  Formally, The Marginal Product of labour (MPL) is the extra output produced as a result of employing one extra unit of labour. This concept plays a central role in describing the profit maximising strategy of a business firm. 
Example I.4: From Table I.1, note that when we go from L=10 to L=11, output increases by 1.6 bales. Hence the MPL of the 11th man-hour is 1.6 bales. Notice that the MPL is not a constant number but varies depending on the initial level of labour input.
Exercise 1.4: (a) From Table I.1, calculate the marginal product of the 2nd, 3rd, …..20th worker and write it down in the form of a table. On graph paper draw the marginal product of labour input as the labour input goes from 2 to 20. Is Marginal Product diminishing? (b)  On your graph drawn in Exercise 1.1 above, find the slope of the graph at L=10. Compare with the value of marginal product for L=10 and L=11 obtained in part (a) of this exercise.
The MPL is obtained from the Production Function. Consider the following experiment. Start from any level of labour input. Then increase the labour input by a small amount, and measure (from the production function) the corresponding change in output. Then we say that the MPL (at the initial level of labour input) = change in output/change in labour input, Obviously if we were to repeat the experiment starting from a different value of initial labour input, we would in principle get a different answer. Each value of L has associated with it a different value of MPL.  This collection of (L, MPL) pairs is the MPL  function. For each value of L, it tells us how much extra output can be produced per extra labour input. 

The MPL function is derived directly from the Production Function (PF)  which relates total output to total labour input. Hence, like the PF  it can be represented in three equivalent but different ways - by an equation, by a table and by a graph. The equation for MPL can be obtained from the equation of the PF by a method known as differentiation. You do not need to know how to do this. Once this is done, the equation for MPL can be represented as a table, and as a graph. These three alternative representations of the MPL function are obviously related to the three alternative representations of the Production Function.

Example I.5 If the PF is given by  Q=10 (L, what is the MPL function?

Using differentiation, MPL=5/(L. To obtain the Tabular form of MPL, we simply let L=1, 2, 3 … and calculate the corresponding value of MPL. This is shown below in Table I.5 below.

Table I.5 : MPL of Labour

	Labour Input, (Man hours)
	MPL( bales per man hour)

	1.00
	5.00

	2.00
	3.54

	3.00
	2.89

	4.00
	2.50

	5.00
	2.24

	6.00
	2.04

	7.00
	1.89

	8.00
	1.77

	9.00
	1.67

	10.00
	1.58


And the same information is shown in Figure I.5 below


Note the downward slope of MPL.  This signifies that as the value of L goes up, the MPL comes down. This is a reflection of the technology. Diminishing MPL as L increases is a characteristic feature of many production functions.
Exercise 1.5: A steel plant has PF given by  Q= 20(L  and MPL function given by MPL=10/((L)  where Q is measured in tons of steel and L in man-hours.(a) Plot the PF and  MPL on separate graph papers  for L=100 to L=200 in steps of L=10; (b) From the PF graph, graphically estimate the slope of the PF function for L=160 and compare your answer with the value of MPL obtained from MPL graph.
Marginal Product of Labour & Profit Maximising Strategy


Using MPL rather than PF gives us a direct handle on identifying the optimal strategy of a business firm. 

Example I.6 Suppose (as in Table I.2) that the price of labour units is £ 2.236 per man hour. Suppose also that the price of the output is £1 per ton. Suppose also that MPL is as shown in Figure I.5 above. How much labour will the business seek to use?

Let us proceed by "trial and error". Suppose the business considers L=2. At L=2, the MPL is 3.54 . This means that if the business expands L by 1, it will add  £ 2.236 pounds to its costs but add  £ 3.54 to its sales revenue. Hence profits must rise by increasing L beyond L=2. The same argument is true at L=3, and L=4. Thus the business will expand L beyond L=4. What happens at L=4.9 where MPL= 2.24 ? Further expansion implies Revenue rises by £ 2.24 but cost rises by 2.236. The business should still expand. What if if the business tries L=5.01? Here the situation is reversed. MPL is 2.23 which is less than 2.236 - therefore the firm should contract. At L=5, MPL=2.236=price of unit of labour. This is the optimum for the business. It receives no signal to either contract L or expand L.

This argument  is summarised in Proposition 1.1

Proposition 1.1 : If the MPL is diminishing as L increases, then the profit maximising strategy of the business  is to hire labour inputs upto the point where: 

Nominal Output price X MPL =  Nominal price of labour input. Or equivalently
MPL=real price of labour (Nominal price of Labour/ Nominal Output price)

At all other levels of L, the business can increase profits by changing its strategy. The business should expand expand L if  [output price X MPL] exceeds  the price of labour and conversely.The above argument was made using graphical analysis. Using MPL to characteristise and calculate the optimum strategy is much shorter than using the PF approach of Table I.2. Indeed, using the algebraic version of the MPL makes the calculation even quicker.
Example I.6a: The example above can  be solved even more quickly by using the fact that MPL=5/(L. Using Proposition 1.1 ( and recalling that 2.236=(5), we have:

1 X 5/(L= (5, hence L=5 is the optimum labour input. From PF the optimum Q= 10 (5 =22.36 and hence the level of maximised profits equals 11.18 as in Table I.2.

Exercise 1.6: The PF of a business is given Q=100(L so that MPL=50/(L where L is labour input (man hours) and Q is output measured in tons. The price of output is £ 2 per ton whilst the price of labour input is £ 10 per man-hour. 

(a) Complete the following table:

	L
	80
	90
	95
	100
	105
	110
	120

	Q
	894
	
	
	
	
	
	

	MPL
	5.59
	
	
	
	
	
	

	Price of output X MPL
	
	
	
	
	
	
	


(b) On a graph, plot L on  horizontal axis and corresponding values of (Price of outputX MPL) on vertical axis. Hence find the optimum value of L. 
(c)  Confirm your answer to (b) above  by solving the equation: (Price of outputX MPL) = price of labour input

(d) Find also the optimum Q and the profits realised at the optimum by using the equation for PF. (e) Confirm the maximum value of profits by completing the following Table.

	(1)L
	80
	90
	95
	100
	105
	110
	120

	(2)Q
	894
	
	
	
	
	
	

	(3) QX2
	
	
	
	
	
	
	

	(4) L X 10
	
	
	
	
	
	
	

	Profit =(3)-(4)
	
	
	
	
	
	
	


(f) If the price of labour falls to £8 per hour , what should the firm do?
(g) If the price of output rises to £ 2.5 per ton, what should the firm do?

Proposition 1.1 tells us how to find the optimal strategy of the business given the technology (the MPL), the price of the output or product, and the price of labour units. Of these three pieces of information, the technology once installed, is out with the strategy space of the business. But what about the two prices? If the product market is competitive ( as cotton was in the early 19th Century), then the business has no control over the product price. However, if the business is a monopolist or nearly so, then it clearly can control the product price. In this course we shall not investigate the monopolistic case further. Rather, we shall assume product market competition - and this implies the firm has no control over the product price. The simplification that this allows is that it permits us to treat the product price (like the MPL) as outside the strategy space of the business. This still leaves the price of labour input which is influenced by  the human resource strategy of the business. How is this missing link found?

Wages, Effort and the Price of Labour Units

At first sight, one may imagine that the wage policy of the business completely determines the price of labour units. However this is not always the case. If the wage the business pays its workers influences their attitude to working hard, then a more complex scenario is involved. Why might such a relationship between the wage paid by the business and the work attitude of workers emerge? The following Examples illustrate.

Example I.8 Suppose the business offers a weekly  wage of £ 200 to identical workers on the presumption that they all work hard for 50 hours a week. This policy is dictated by the knowledge that the workers can all earn £ 200 in an alternative occupation (which might be unemployment or an alternative job or both). In other words £ 200 is the rock bottom wage. 

If the business can monitor its workforce perfectly then it can ensure that all workers do in fact work hard for 50 hours a week. Workers who "shirk" by working hard for less than 50 hours a week will be detected and fired. The price of labour then is 200/50 = £4 per man hour. But what if monitoring is less than perfect? Suppose that only occasional random checks can be made. Workers will know this and thus each  will have an incentive to shirk on the job. If they are not detected, then each one  will still collect £ 200 at the end of the week but will have put in less than 50 hours of hard work. If in fact each one only works 40 hours, (twiddling their thumbs for the remaining 10 hours), then in effect the price of labour units is 200/40 = £ 5 per man hour. Note that shirking possibilities have effectively raised the actual price of labour units, even though the wage policy of the business has not changed! To reduce shirking the firm might have to raise its wage above £ 200 per worker. If the wage goes up to say £ 216 per week, each worker may well put in more effort because now the cost of being caught and fired has gone up. Suppose that at £216 per week each worker puts in 45 hours of hard work. What are the consequences as compared to the policy of paying the rock bottom wage of £ 200 ? The results are illustrated in Table I.8 below.

Table I.8 : Rock Bottom and High Wage Policy Compared.

	
	Wage ( £ W)
	Effort (E man-hours of hard work)
	Price of Labour £(W/E) per man hour
	Extent of Shirking (Hours)

	Rock Bottom Wage policy
	200
	40
	5
	10

	High Wage policy
	216
	45
	4.8
	5


Even though the wage is higher, the price of labour units has fallen and is now only  216/45 = £ 4.8 per week. The effort of workers has risen  and shirking has been reduced (but not eliminated)!

In the above example, all workers were identical and all had an incentive to shirk. The business had to consider the possibility of shirking in designing its wage policy. In the next example, we consider a slightly different  scenario.

Example I.8a Suppose there are two types of workers whom the business might hire. Half of these are  lazy workers  have an outside option of £ 200 per week and are incapable of working more than 40 hours a week. The other half are good workers who have an outside option of £ 216 per week and will work 50 hours a week. The business is seeking to hire 100 workers. What should its wage policy be?

Suppose it offers a rock bottom wage of £ 200. Only the lazy types will apply because the good workers have a better outside option. Hence the effort put in by each worker will be only 40 hours and the price of labour will be £ 5 per man hour. If it follows the high wage policy, then both types will apply. The firm would like to hire only good workers but it cant tell them apart from lazy workers ( unless monitoring or screening is perfect). If it hires on a random basis,  it will end up with 50 good workers and 50 lazy ones. The  effort expended by the average worker will then be 45 hours, and the effective price of labour £4.8 per hour, exactly as in Table I.8!

The difference between the two examples is that in Example I.8 the high wage policy provides incentives for all identical workers to shirk less and work hard for longer whereas in Example I.8a, the high wage policy induces a better mix of applicants from amongst a pool of diverse workers. But in both cases the common feature is that high wages increase average effort.

Exercise1.8: Construct a numerical example of your own in which high wages affect average effort both because each worker works harder and because a better quality of worker is attracted to the firm. ( Hint: Think of two types of workers, good and bad , and how both good and bad workers put in more effort when the wage rises).
The Efficiency Wage

Do the two examples above suggest that firms should continue to raise wages till effort is at its absolute maximum? The answer is " No" because the wage required for this may simply be too high. A compromise is required to find the optimum wage strategy.  Knowledge of the wage-average effort relationship is needed.

The above examples suggest that as the wage rises, the average effort also rises. However, beyond some limit, the rise in effort is small compared to the rise in the wage. In other words, the effort inducing property of the wage tails off as the wage is raised.
Example I.10:  A typical profile for the wage-effort relationship is shown in Table I.10 below and in the corresponding diagram, Figure I.10 below.

Table I.10 Weekly Wage (£ per week) and Effort ( man-hours)

	Wage

£ per week
	Effort

Man-hours

	150
	0

	200
	40

	216
	45

	250
	46

	275
	47


Note that the effort does rise continuously as the wage rises but beyond a wage of £ 216 the increases in effort are very  small - the tailing off effect. The exact rate at which effort responds to wages depends on a host of factors - but chiefly on alternative income possibilities. A major determinant of these possibilities is the level of unemployment and how much income the unemployed can get. This discussion  leads to:

Proposition 1.2: When monitoring is imperfect, wages affect behaviour or applicant quality in such a way that average effort increases as the wage paid rises , but at a diminishing rate. This relationship between average effort and the wage offered is called the Wage- Effort Locus.

Faced with this Effort-Wage Locus, what is the optimum wage policy of the business? Recall that maximising profits implies minimising costs. The price of labour is a cost to the business and hence it would seek to minimise it. But as we have seen in Examples I.8 and I.8a, the effective price of labour units is given by :

Proposition 1.2a : Effective price of labour units = Weekly wage(£W)/Effort (E man-hours). 

Hence the firm choses W to minimise W/E. Put another way , the firm chooses W to maximise E/W.

Exercise 1.10: For Table 1.10, find the effective price of labour units for each of the five possible wages.
The effective price of labour calculation forms an integral part of calculating the firms optimal wage strategy as the following example illustrates.

Example I.11 If the Effort-Wage Locus is as shown in Table I.10, what is the optimum wage policy of the business?

We simply need to pick the wage for which the price of labour (W/E) is minimised, or equivalently pick the wage for which Effort per man-hour (E/W) is maximised. The results are shown in Table I.11 below and illustrated in Figure I.11 below.

Table I.11: Minimising Labour Price or Maximising Efficiency

	
	Effort
	W/E
	E/W

	150
	0
	N/A
	0.00

	200
	40
	5.00
	0.20

	216
	45
	4.80
	0.21

	250
	46
	5.43
	0.18

	275
	47
	5.85
	0.17


From the table we can clearly see that the optimum wage policy is to pay £ 216 per week. Note also that some high wage policies eg £ 250 and 275 are actually worse than the rock bottom policy. We can also use the wage-effort diagram to find the Efficiency wage. Figure I.4 illustrates. Consider a ray drawn from the origin to any point on the W-E curve. The slope of that ray (rise/run) measures E/W. Hence we want to find the steepest ray from the origin to the E-W curve. This is the ray which is just tangential to the curve. In figure II.4,  consider a pont like A on the E-W curve. The wage is W1 and the corresponding effort is E1. The slope of the ray OA is E1/W1. By similar geometric construction, the slope of a ray from the origin to any point on the E-W curve measures the value of E/W for that point. In order to maximise E/W, we want to find that ray which is steepest. This is the ray OB which is just tangent to the curve at B. Hence the efficiency wage is W*. To satisfy yourself that this is indeed correct, try other points including some which correspond to wages higher than W *. All of these will involve a ray which is flatter than OB. This example illustrates Proposition 1.3 stated below.


Figure 1.11: The Efficiency Wage
Proposition 1.3: When monitoring is imperfect, so that wages affect average effort, the optimum wage policy is to offer a wage which minimises wage/effort or equivalently maximises effort/wage. The wage which achieves this outcome is called the " Efficiency Wage".

Note also that using Proposition 1.3 solves not only for W* but also for E* and hence for the labour unit price which is W*/E*. thus from Table I.6, we see that W*= £216, E*=45 man-hours, and the optimum price of a labour unit = 216/45 =£ 4.8 per man hour. 
Exercise I.11:  A business has PF given by Q=100(L so that MPL=50/(L. The price of its output is £ 2 per ton. Its E-W relationship is shown in the Table below:

EW Relationship

	Wage (£ per week)
	50
	80
	100
	120

	Effort (man hours)
	3
	5
	10
	11


Find the optimum wage policy of the business and the associated effort level that this wage policy induces.

Proposition 1.3 provides the missing link which along with Proposition 1.1 and 1.2a enables full solution to the optimum strategy of the firm.

Example 1.12: A business has PF given by Q=100(L so that MPL=50/(L. The price of its output is £ 2 per ton. Its E-W relationship is shown in the Table below:

EW Relationship

	Wage (£ per week)
	50
	80
	100
	120

	Effort (man hours)
	3
	5
	10
	11


Find the complete optimum strategy of the firm:

Solution:

Step 1: Use Proposition 1.3 to find that wage for which E/W is largest. From the EW Table this is W=100. Hence W = 100 and E*=10.

Step 2: Calculate the optimum price of a labour unit=W*/E*=100/10=10

Step 3: Use Proposition 1.1 to find L*. Thus :

2 X 50/(L = 10 or L* = 100

Step 4: Since total man-hours (L) = effort (E) X Employment (N), and L*=100, E*=10, then 

100= 10 X N, or N* = 10

Step 5: Use PF, i.e. Q = 100(L to find Q*= 100 X ( 100 = 1000 tons.

Step 6: Find total profits =( Revenue - costs) = (output price X output) - (wage X employment)= (1000 X 2) - (100 X10) = £ 1000

Thus the complete profit maximising strategy of the firm is to employ 10 workers at a wage of  £ 100 per week (the Efficiency Wage)  thereby extracting 10 hours of effort by its workers and thus producing 1000 units of ouput and making a total profit of £ 1000. The flow chart on page 17 illustrates the solution procedure.

Exercise 1.12: (a) Calculate what would happen to the business described in Example I.12 if it paid a wage of (i) £ 80 per week.(ii) £ 120 per week. Comment on your answers.

(b) If the wage effort relationship of a business is as described in Table I.10, the price of its output is £108 per ton and its productive process is characterised by PF given by so that MPL=50/(L, find its optimum strategy and maximum profits.(c) What happens if the business described in (b) innovates so that’s its PF is now Q=120(L with MPL=60/(L? Ilustrate diagrammatically.
Empirical Comparison of firm which pays Efficiency Wage with one that doesn’t

· EW firm usually pays higher wage, other firm pays rock bottom wage

· (EW firm has longer queue of workers outside its door

· EW firm has higher output per worker

· EW firm has higher profits
What changes Efficiency Wage?
Only a change in Effort Wage  curve can change the Efficiency wage. Such changes can be brought about by a change in Unemployment level or by a change in Unemployment benefit or by a change in the working environment, for example the reforms at New Lanark. If reforms that increase workers sense of well being and participation in the business  are introduced, this will shift the Effort-Wage Locus upwards. For the same wage, the business will now be able to extract greater effort. The efficiency wage may not change but the business will do better from the reforms. Whether such reforms are justifiable from a business point of view depends on the increased profits from the reforms and the cost of implementing the reforms.

Key Concepts: Production Function, Marginal Product of Labour Function, Diminishing Returns, Profit Maximising Strategy, Real and Nominal Prices, Effort -Wage Locus, Effective Price of Labour, Efficiency Wage.

Further Reading:

George Akerlof and Janet Yellen: Introduction in Efficiency wage models of the labor market, ed. by George Akerlof and Janet Yellen, CUP,1986
Exercises

1. Explain what is meant by the Effort-Wage locus of a firm. What determines its shape? What determines its position?

2. Explain the difference between a movement along the E-W curve and a shift of the curve itself.

3. What is the “Efficiency Wage”?

4. How is the EW curve essential to calculating the “Efficiency Wage”?

5. A business knows that the wage-effort locus it faces is given by:

	Wage (£ per week)


	100
	120
	140
	160
	180
	200
	220
	240

	Effort (man-hours) 
	20
	25
	32
	39
	45
	49
	53
	56


The production function is given by Q= 20√L  so that  MPL function is given by MPL = 10/ √L  where Q is output measured in tons and L is labour measured in manhours. The price of the output is £ 8 per ton.

9. Sketch the firm’s effort-wage locus. Comment.

10. Find the firm’s optimal strategy and the value of its profits.

11. How is your answer to (a)  above changed if the Effort level at every wage was to increase by 20 man hours but the price of output  and MPL was unchanged? Illustrate by a suitable diagram.

12. How is your answer to (a) above changed if wage-effort locus  and MPL is unchanged but the price of output was to rise by £4 per ton? Illustrate by a suitable diagram

13. How is your answer to (a) above changed if wage-effort locus and the price of output were unchanged but the production function and MPL were to both change to 30√L  and  15/ √L   respectively? Illustrate by a suitable diagram

14. In the light of your answers to (a), (b), and (c) and (d) above, how would you account for a rise in the profits of a company over a period of time? 

6. If two firms had identical technology and faced identical prices for its product, what could you conclude if it was observed that one firm was paying a lower weekly wage than the other?

7. A firm has production function given by Q=50√L where Q is tons of steel and L is manhours of labour.  The corresponding MPL function is given by: MPL=25/(√L). The price of steel is £ 60 per ton. The price of labour is £ 30 per hour. 
a) Calculate the real price of labour stating the units of measurement

b) Calculate the amount of labour hired stating the units of measurement. Illustrate your answer with a diagram.

c) Calculate the profits earned stating the units of measurement
8. The effort wage locus of a firm is given by the following table:
	Weekly Wage (£)
	50
	100
	120
	150
	200

	Effort(Hours)
	16
	40
	50
	60
	64


a) Would the firm prefer a weekly wage of £ 100 or £ 150?  Explain.

b) Calculate the efficiency wage and explain your answer.

9. Two firms A and B have the same production function and sell their output at the same world price. However A and B pay different weekly wages ( £ per week). It is known that A pays the efficiency wage. For each of the statements a)  to f) below, state whether the statement is true or false with reasons and diagram where appropriate.
a) Firm B definitely pays a higher wage than A

b) Workers in Firm B definitely put in more effort compared to workers in firm A

c) Firm B has lower marginal product than firm A

d) Firm B hires more labour than firm A

e) Firm B produces more output than firm A

f) Firm B has higher profits than firm A



APPENDIX A: STEPWISE ROUTINE FOR SOLVING WAGE AND EMPLOYMENT POLICY

A Given Environment

1. Technology- PF, MPL function

PF given by Q=100(L so that MPL=50/(L.
2. Output price- given by world market

The price of its output is £ 2 per ton.

3. Effort wage Relationship

EW Relationship

	Wage (£ per week)
	50
	80
	100
	120

	Effort (man hours)
	3
	5
	10
	11


Choice of Strategic Variables

1. What wage (weekly)to pay them? The Efficiency Wage  W

W*=100 ( From EW Relationship)

2. How Much Labour to Hire? L

3. How Many workers to hire? N

4. How much Output to sell? Q

Outcomes

Effort level of workers, E

E*=10 ( From EW relationship, given solution for W*)
Effective price of labour, W/E

(W/E)*= 100/10=10(from previous answers)

Real price of Labour (Effective Wage/Output price)

10/2=5 (from previous answers and Environment)
Labour requirement, L

Use Proposition 1 to get
50/(L=5 (previous answer), L*=100
MPL(Environment)=effective real price of labour, ( from previous answers)

Output,Q

Q*=1000{ Environment(PF) and previous answer for L}

Number of Workers hired, N

N*=(L*/E*)=10 (from previous answers)

Profits

Profits= Sales Revenue- Labour Costs=1000(from previous answers )

ENVIRONMENT + STRATEGY →OUTCOMES

: Appendix B: The Optimal Labour Employed and Output Produced.

Consider a firm whose Production Function is given by Q= A√ L. The Marginal Product of Labour Function is then given by MPL= A/[2√ L. ]

To find the profit maximising choice of labour, equate MPL to real price of labour ( wage per hour/ price of bale).

The diagram below illustrates. If money wage is £ W per hour and  price of cotton bales is £ P per bale, then real price of labour is (W/P) as shown. Draw horizontal line to meet MPL at J. From J draw vertical line to meet the horizontal axis at L*. Then L* is  optimal labour choice. Extend vertical line from L* to meet PF at K. Draw horizontal line from K to meet axis at Q*. Then Q* is the optimal output choice that corresponds to L*

Exercises: By suitable modification of the diagram, show the impact of (a) a rise in wage rate; and (b) an improvement in technology
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STRUCTURE OF OPTIMAL STRATEGY SOLUTION – Ex. I.6





5. Employment


N* =L*/E*


Step 4





1.Opt Wage W* (£ per week)


2.Opt Effort E*    (man hours)


Step 1








(A)EW Table


[Unemp rate, Rock Bottom wage]


man-hours - £





6. Output Q*


Step 5





3. Opt Price of Labour Units W*/E* (£ per man hour) – Step 2





(B) MPL (tons per man hour)


(C) Output Price (£ per ton)





(C) PF














4. Labour units L*, man-hours


Step 3





7.Profits*


Step 6





Q*











� “Robert Owen: Owen of New Lanark and New Harmony” p97, I. Donnachie (2000) 


� “Owen as a businessman” Butt, p209 cited in I. Donnachie p98, as above
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