CHAPTER 7

TECHNOLOGY AND PRODUCTION

CHAPTER DISCUSSION
The spotlight now shifts from the consumer to the firm. Our primary concern here is production. 
We begin by noting that inputs are all the things that go into production that create the products that get sold in markets – the output. Although there can be many ways to produce a given flow of products, typically there is only one way that produces the greatest amount of outputs for that given combination of inputs. That method is termed efficient if there is no other way of using a given combination of inputs to produce more than that amount of input.
Consider any given number of hours if the only input is labor and ask how much output can be produced. The production possibilities set simply identifies all the possible input-output combinations that could exist with the firm’s technology. The efficient production frontier consists of all of the most efficient methods and their corresponding output levels.
If we can hire inputs and produce outputs in finely divisible quantities, the efficient production frontier can be described mathematically with a production function of the form Output = F(Inputs). Because the production function identifies only efficient combinations of inputs and outputs, the production function will never fall as inputs increase. In this context, we can consider the concept of productivity, which relates to the flow of output with the flow of inputs along the efficient production frontier. A firm that is able to increase the maximum flow of output from each level of inputs is said to have enjoyed an increase in productivity.
A simple but important concept is average product of labor, which is defined as the total output of labor divided by the number of labor hours. A related concept is marginal product of labor, which is the ratio of rates of change, not levels. After enough workers are added, MPL will begin to fall. This is known as the Law of Diminishing Marginal Returns. 
We’re going to become familiar with bouncing back and forth between a total function, like total output – the production function – and its corresponding average and marginal functions.  Although we could consider many variable inputs, we limit our scope to two, capital (K) and labor (L). 

Anyone who has done or observed woodworking will immediately realize that there can be more than one way to build a box. By using a few rudimentary hand tools and a lot of elbow grease, you can build a pretty good box out of a few pieces of wood. But if you have powerful saws, planers, and sanders, you don’t need nearly as much labor to come with an identical box. This is simply a tradeoff between capital and labor to produce output.
Let’s assume that labor and machines (capital) are the only two inputs and that they can be used in finely divisible quantities. The rates of production from these two inputs can be summarized in a production function: Q = F(K,L). If we hold Q constant, and ask how much we can vary K and L to produce an even level of output, we can represent the answer in two dimensions with something called an isoquant. It is the set of all output combinations that can produce the same level of output. By allowing the level of production to vary, we can generate an entire family of isoquants, called an isoquant map. Much of what you’ve learned about indifference curves also holds true for isoquants. Isoquants are thin: if two input combinations are configured such that one combination has more of both inputs than the other, they cannot lie on the same isoquant. For much the same reason, isoquants slope downward. Isoquants representing the same technology cannot cross. 
There is one characteristic that isoquants do not share with indifference curves: they are cardinal, meaning that not only can the levels of output be rank ordered, but importantly so can the differences between levels.

As we move along the isoquant, substituting for labor with more capital, the marginal product of labor rises, and the marginal product of labor falls. The isoquant becomes steeper as we move up and to the left, or flatter as we move down and to the right, resulting in diminishing marginal rate of technical substitution and convex isoquants. 

There are two extreme examples of substitutability: perfect substitutes and perfect complements in production. Perfect substitutes means that one input can always be substituted for another at a constant rate, which need not be equal to one. Isoquants between perfect substitutes will be linear because the MRTS is independent of the quantities used. Perfect complements, on the other hand, can not be substituted at all. They must be used in fixed proportions to one another. If inputs are perfect complements, then their isoquants are L-shaped, or right angles, as was the case in consumer theory.
The Cobb-Douglas production function is a power function in which each of the inputs is first raised to a fractional exponent and then the inputs are multiplied together. It looks like this:

***insert formula here***

The partial derivatives with respect to the two inputs can be derived or memorized:

***insert formula here***

Plugging in the expressions for marginal products, we have:
***insert formula here***

Now we will examine what happens when we increase or decrease both inputs proportionately. This concept is called returns to scale because we are literally scaling the entire production process.
Constant returns to scale exists if proportionately increasing all inputs results in a proportionate increase in output. Increasing returns to scale, in contrast, prevails if proportionately increasing all inputs results in a greater than proportionate increase in output. Decreasing returns to scale, finally, means that if you scale up all inputs proportionately, you end up increasing output by a lesser proportion.
For the Cobb-Douglas production function, returns to scale depend upon the sum of the exponents, α+β. If the sum is equal to one, there will be constant returns to scale; if greater than one, there will be increasing returns to scale; and if less than one, there will be decreasing returns to scale.

OUTLINE

Technology and Production

· Production Technologies

· Outputs are goods or services produced by firms

· Production technology summarizes all possible methods for producing output

· A method is efficient if there is no other way to produce more output with same inputs

· Specialization is an important way to improve worker productivity

· Production possibilities set contains all input-output combinations that are possible in the firm’s technology

· The efficient production frontier contains all combinations of inputs and outputs using efficient production methods

· It is the upper bound of the production possibilities set

· Production functions are mathematical representations of the efficient production set

· In general Q=F(Inputs)

· When there is only one input, labor, Q = F(L) 

· Example: Q=F(L)= -2L3 + 10 L2 + 25 L is a cubic function of one input

· Example of production function of two inputs: Q = 10 L.5K.5, etc.

· Productivity differences (increases) are represented by a shift in the entire production function (upward for all input levels.)

· Some firms may be more productive than others

· Could result from true quality differences in inputs

· Capital may be newer or maintained better

· Laborers may have different skills

· Could also result from owners’ knowledge, motivation, skill

· Production with one variable input and single output

· Although some production processes actually use only one input, most use two or more, but all but one input may be fixed over short run

· Assume labor is the only variable input and that all labor units are identical

· Capital is fixed because it can take a long time to change the amount of machines, etc.

· Average Product of Labor, APL = Q/L = F(L)/L

· APL is just the output per laborer input, holding all other inputs constant

· Marginal Product of Labor, MPL = (Q/(L={F(L)-F(L-(L)}/(L

· MPL is the rate of change of output as labor input changes, measured per unit of labor

· Law of Diminishing Marginal Returns states that as more of the variable input is added to fixed amounts of other input(s), its marginal product must eventually fall

· Relationship between average and marginal product

· If average is rising, marginal is above average

· If average is falling, marginal is below average

· If average is neither rising nor falling, average and marginal are equal

· This relationship holds true for any average and its corresponding marginal

· Marginal product of labor may rise in some range owing to specialization

· Marginal product must surely fall at least beyond some level of labor as more labor is added to fixed amount of capital

· If inputs and output are finely divisible 

· APL is measured as the slope of a ray through the origin and crossing (touching) respective points on the production function

· MPL is measured as the slope of the tangent to the production function at respective points on the curve

· Where the slope of a ray through the origin reaches its highest slope, its slope is identical to that of the tangent to production function at that point

· Using marginal product of labor to make production decisions

· If the same input (labor) is used in two different plants (A and B) to produce identical output, allocate it between the two plants such that MPLA=MPLB
· “Equi-marginal principle”

· If labor is allocated such that MPLA>MPLB, moving one unit of labor from plant B to plant A will increase total output, leaving total input unchanged

· Keep switching from B to A until marginal product of labor is equal in each plant

· Production with two variable inputs and one output

· Q = F(L,K) where both L and K are variable

· It is possible to produce the same output with different combinations of the two inputs

· Productive Inputs Principle: increasing amounts of all inputs strictly increases the amount of output

· Isoquants (“same quantity”) shows all combinations of the two inputs such that output is unchanged

· Isoquants are contours, or level sets, similar to indifference curves in consumer theory

· Characteristics of isoquants

· Isoquants are “thin” 

· Isoquants are negatively sloped

· An isoquant is the boundary between input combinations corresponding to higher levels of output and those corresponding to lower levels of output

· Isoquants from the same family (technology) cannot cross

· Isoquants for higher levels of output are farther from the origin

· Apple cider example shows how isoquants can be helpful in understanding real production processes

· Average and marginal products with more than one input are equivalent to the case of only one variable input

· For example, marginal product of capital MPK assumes labor is held constant as an increment of capital is added

· The Law of Diminishing Marginal Returns holds for any input, holding all the other constant

· Often, the marginal product of one input will rise as more of the other input is added

· Substitution between inputs

· Marginal Rate of Technical Substitution for Labor with Capital (MRTSLK)
· Along an isoquant, MRTSLK = - (K/(L , negative of the slope of an isoquant

· MRTSLK is the rate at which K must be added to compensate for a small decrease in L, holding output constant

· MRTSLK and marginal products

· (Q = MPL (L + MPK (K

· Along an isoquant (Q=0(output held constant)

· -(K/(L=MPL/MPK
· (Don’t get fooled into thinking it’s the inverse!)

· Therefore MRTSLK= MPL/MPK
· If an increase in the marginal product of one input simultaneously (1) raises the marginal product of the other input and (2) lowers its own marginal product, 

· there will be diminishing MRTSLK
· isoquants will be convex as viewed from the origin

· this is a very common property of production functions

· Perfect substitutes in production

· constant MRTS, irrespective of quantities used

· linear isoquants

· slope may be equal to -1, but need not be

· slope of isoquant will be constant

· Perfect complements in production

· inputs must be used in fixed proportion to one another

· isoquants will be 

· right angles 

· zero substitutability between inputs

· inputs must be used as a package

· Cobb-Douglas production function 
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· A, (, ( are parameters 

· A is a positive constant, changes in whose value shifts entire production function

· 0<( , (<1 are parameters that represent the productivity of L and K, respectively

· Marginal products in the Cobb-Douglas function 

· 
[image: image2.wmf]K

L

A

MP

L

b

a

a

1

-

=


· 
[image: image3.wmf]K

L

A

MP

K

1

-

=

b

a

b


· Marginal rate of substitution for L with K in Cobb-Douglas

· 
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· Isoquants are convex

· MRTSLK is independent of value of A, the parameter for factor-neutral technological change

· An increase in ( makes isoquant steeper

· An increase in ( makes isoquant flatter

· Returns to scale

· Constant returns to scale: increasing all inputs proportionately results in same proportionate increase in output

· Results in constant long-run average cost

· Size distribution of firms is random

· Neither large nor small firms favored

· Would result from pure replication of production process

· Increasing returns to scale:  increasing all inputs proportionately results in a more than proportionate increase in output

· Results in falling long-run average cost

· In extreme cases, result is single large firm: natural monopoly

· Favors large firms over small ones

· May result from physical laws or specialization economies

· Decreasing returns to scale:  increasing all inputs proportionately results in a less than proportionate increase in output

· Results in rising long-run average cost

· Many small firms

· Favors smaller firms over larger ones

· May result from unique “fixed factor” or organizational breakdowns as firms grow large

·  For Cobb-Douglas production function, (+( determines returns to scale

· (+( = 1 implies constant returns to scale

· (+( > 1 implies increasing returns to scale

· (+( < 1 implies decreasing returns to scale

· U.S. output and productivity growth

· Growth in GDP has varied significantly since World War II

· 1948-1973: almost 4%

· 1974-1995: less than 3%

· 1996-1999: recovered to more than 4%

· Growth in non-farm business output, a related measure, has also varied

· 1974-1990: 3.06%

· 1991-1995: 2.75%

· 1996-1999: exploded to 4.82%

· Three sources of recent growth: information technology, increase in labor hours, increase in productivity

PRACTICE MULTIPLE CHOICE 
1. Regarding the efficient production frontier, which statement is correct?

a. The efficient frontier is the average level of output for each given level of inputs.

b. It is possible to produce slightly more than the efficient production frontier, but not less.

c. For each level of input use, the efficient production frontier is the highest level of output that can be produced with the technology.

d. The efficient production frontier shows all possible input-output combinations that could exist with the firm’s technology.

e. The efficient production frontier shows all possible combinations of two inputs that can be used to produce a given level of output.

2. Which statement is not true concerning production functions?

a. If Firm A is more productive than Firm B, its production function is above Firm B’s.

b. Because of the Law of Diminishing Marginal Returns, the production function will eventually fall as the input increases beyond some point.

c. The production function is the mathematical representation of the efficient production frontier.

d. The graph of the production function is the boundary of the efficient production frontier.

e. The production function shows the maximum amount of output that can be obtained from any given combination of inputs.

3. Ginger’s Dance Academy uses one input, L, to produce output, dance lessons.  At a given level of L, the following are true: MPL = 12 and APL = 10.  What can be said for certain?

a. Ginger’s average product of labor is falling.

b. Ginger’s marginal product of labor is falling.

c. Ginger’s total product of labor is maximized.

d. Ginger’s average product of labor is rising.

e. Ginger’s total product of labor is falling.

4. If output (Q) and input (L) can be measured in finely divisible quantities, the APL is_________

a. the slope of the tangent to the production function.

b. maximized where the slope of a ray through the origin is also tangent to the production function at that level of input.

c. equal to (Q/(L.

d. the ratio of total labor to total output.

e. the ratio of the marginal product of labor to the total product of labor.

5. The statement the output of a production function is cardinal means

a. output can be measured in finely divisible quantities.

b. isoquants can only be rank ordered, but distances between have no meaning.

c. the concept of diminishing marginal product of labor is meaningless.

d. isoquants could be “thick.”

e. not only can different levels of output be rank ordered, but also the differences between levels can be rank ordered, so “diminishing marginal product” is a meaningful concept.

6. Fred has two plants to make dancing shoes and uses only labor in the production process.  Laborers are subject to the Law of Diminishing Marginal Returns in both plants, A and B.  If Fred has 50 finely divisible labor units to allocate to the two plants, which rule should he always follow?

a. Allocate 25 labor units to each plant.

b. Allocate all 50 units to the plant in which the marginal product of the first worker is highest.

c. Allocate labor units such that the APL is equal in both plants.

d. Allocate labor units such that the MPL is equal in both plants.

e. Because of the Law of Diminishing Marginal Returns, he should allocate all labor to only one plant, but it doesn’t matter which one.

7. Which is true regarding the marginal rate of technical substitution for labor with capital?

a. If isoquants are negatively sloped, MRTSLK is diminishing with more L and less K.

b. It is the negative of the slope of isoquants where capital is measured on the vertical axis and labor on the horizontal axis.

c. It will be negative if the two inputs are perfect substitutes.

d. It measures the amount of labor that must be substituted for a one-unit decrease in capital.

e. It is equal to negative one if the two inputs are perfect complements.

8. Which of the following expressions must be correct?

a. MRTSLK = - MRTSKL
b. (Q = MPL + MPK
c. (Q > 0 in moving along an isoquant, increasing L and decreasing K.

d. MRTSLK = MPL/MPK
e. MRTSLK=MPK/MPL
9. Which of the following production functions would be characterized as a Cobb-Douglas function?

a. Q= L.5 K.4
b. Q=L.7K.3
c. 
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d. Q=200K1/2L1/4
e. All of the above are examples of Cobb-Douglas functions.

10. A production function is given by the following expression: Q=200K1/2L1/4. What is the slope of its isoquant where L= 3 and K = 2?

a. -2/3

b. -3/2

c. -3

d. -1/3

e. -2

11. A factor-neutral technical change ________

a. Neutralizes an increase in one factor’s productivity with a decrease in the amount of that input.

b. Shifts the isoquant for a given level of output inward toward the origin but doesn’t change its slope for a given ratio of the two inputs.

c. Shifts the isoquant for a given level of output outward toward the origin.

d. Increases the slope of the isoquant if Labor is the neutral factor.

e. Increases the slope of the isoquant if Capital if the neutral factor.

12. Consider the following finely divisible production function:  Q = 10 + 3 L + 4 K. Which statement is correct?

a. If K is held constant at 2 units, marginal product of labor falls with increased labor.

b. This production function exhibits constant returns to scale.

c. This production function exhibits decreasing returns to scale.

d. If L is increased by one unit, Q rises by 13 units.

e. None of the above is correct.

13. If a production function exhibits decreasing returns to scale, _______

a. increasing all inputs by 5% would result in an increase in output by more than 5%.

b. increasing all inputs by 5% would result in a decrease in output.

c. the short run production function has negative slope.

d. the average product of all inputs will eventually become negative.

e. increasing all inputs by 5% would result in an increase in output by less than 5%.

14. Which statement is true regarding returns to scale?

a. One source of increasing returns to scale is factor specialization.

b. Constant returns to scale is the result of factor-neutral technical change.

c. If there are increasing returns to scale at all levels of output, there will likely be many very small firms in the industry.

d. In the Cobb-Douglas production function where 
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, there will be increasing returns to scale as long as A>1.

e. If there are constant returns to scale for all levels of output, it is likely that the industry would evolve into a single very large firm serving the entire market.

15. In the U.S. economy during the post-World War II period, ________

a. growth in GDP has been remarkably constant throughout the period.

b. the economy has not recently been able to match the fast growth enjoyed  in the 1974-1990 period.

c. in the late 1990s, there was little evidence that information technology contributed to growth in output.

d. investment in research and development, particularly in the later years, has played a significant role in fostering productivity growth.

e. non-farm output actually fell while GDP grew steadily.
MULTIPLE CHOICE ANSWERS

1. c

2. b

3. d

4. b

5. e

6. d

7. b

8. d

9. e

10. d

11. b

12. c

13. e

14. a

15. d

WORD PROBLEMS

1. Marie’s bakery bakes cookies using oven hours (K) and labor hours (L).  She has a fixed amount of K, but L can be varied.  Given her fixed oven capacity, the following table shows how many cookies (Q) her bakery can bake per hour for each level of labor input.  Fill in the columns for marginal product of labor (MPL) and average product of labor (APL)

	Q
	L
	MPL
	APL

	0
	0
	
	

	200
	1
	
	

	440
	2
	
	

	560
	3
	
	

	620
	4
	
	

	660
	5
	
	


2. In the following table, some cells have intentionally been left blank.  Use the rest of the table’s entries to fill in the blanks.

	Q
	L
	MPL
	APL

	0
	0
	-
	-

	
	1
	320
	

	
	2
	
	200

	520
	3
	
	

	
	4
	80
	

	
	5
	
	130


3. A long-run production function is given by Q = 10 K1/2 L1/2.  The firm’s capital is fixed at 36 units. Its marginal product of labor is given by 5 K1/2 L -1/2.  What is the short-run production function?  What is the equation for this firm’s average product of labor?

4. Harry makes brooms in two plants, A and B, using only labor (L).  In plant A the marginal product of labor is given by 
[image: image7.wmf]L

MP

A

A

L

5

=

 .  In plant B the marginal product of labor is given by 
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.  Harry has 60 units of labor to split between the two plants.  How should he divide the 60 units in order to maximize the total number of brooms?

5. You have two plants, A and B, each using K and L to produce chairs.  At their current levels of inputs, you discover that the MRTSLK in plant A is 2.  Simultaneously, the MRTSLK in plant B is 3.  If plant A reduces its use of L by one unit, how many more units of K must it have in order to maintain its current output?  If plant B increased its use of L by one unit, how many fewer units of K would it need in order to maintain its current output?  What does this tell you?

CHALLENGE YOUR MIND

1. Try this experiment with a few members of your study group:  A widget is made by taking a plain sheet of paper, folding it carefully in half crossways, folding it again in half, lengthways, and finally placing a staple within a half inch of each of the four corners.  Us an unlimited amount of paper, one worker, and one stapler to see how many widgets can be made in one minute.  Now add another worker, but limit the stapler to one, and do the one-minute experiment again.  See how many widgets can now be made in one minute.  Keep adding workers but hold the stapler at one unit, and allow only one minute for production in each experiment.  Make a table showing the production levels for all the different numbers of workers you used.  Graph the resulting short run production function.  Calculate the marginal and average product of labor for each unit of labor you used.

2. Consider the Cobb-Douglas production function Q=AK(L(.  Is it possible for this production function to exhibit both (1) diminishing marginal product of each input and (2) increasing returns to scale simultaneously?  What conditions must hold for this to take place?  Is it possible to have both increasing marginal product and decreasing returns to scale simultaneously?  Explain.

3. What if there were an industry in which all firms exhibited decreasing returns to scale at all possible output levels.  What would you expect to be true regarding the number of firms in such an industry, and the size of each firm?  Have you ever seen such an industry?  What does your observation tell you about returns to scale?
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