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Understanding the relationship between marginal product (MP) and average
product (AP) is fundamental in microeconomics, especially in the analysis of
production and resource allocation. When evaluating production efficiency,
it's crucial to know what happens when the marginal product exceeds the
average product. This question often appears in academic examinations,
quizzes, and real-world business scenarios, testing your grasp of the
concepts underpinning the law of diminishing returns and productivity
analysis. In this comprehensive guide, we'll explore what it means when
marginal product exceeds average product, analyze the implications, and
identify the conditions that must be true in such scenarios.

Fundamentals of Marginal and Average Products

Before diving into the specific question, it's essential to clarify the
definitions and relationships between marginal product and average product.

What is Marginal Product?

- Definition: Marginal product (MP) refers to the additional output produced
when one more unit of a variable input (like labor) is added, keeping other
inputs constant.

- Mathematically: MP = ATotal Product / Alnput

- Significance: It indicates the contribution of the last unit of input to
total output.

What is Average Product?

- Definition: Average product (AP) measures the output per unit of input; it
is the total product divided by the number of units of input used.

- Mathematically: AP = Total Product / Quantity of Input

- Significance: It reflects the efficiency or productivity of the input at a
given level.



The Relationship Between MP and AP

- The marginal product curve intersects the average product curve at its
maximum point.

- When MP > AP, the AP is rising.

- When MP < AP, the AP is falling.

- When MP = AP, the AP reaches its maximum point.

Implications of Marginal Product Exceeding
Average Product

Understanding what it means when MP exceeds AP is vital for analyzing
production processes.

Key Concept: The Direction of Average Product

- When MP > AP: The average product is increasing.
- When MP < AP: The average product is decreasing.
- When MP = AP: The average product is at its maximum.

This inverse relationship is critical: the marginal product pulls the average
up when it's higher than the average, and pulls it down when it's lower.

What Must Be True When MP > AP?

- The average product must be on the rise.

- The marginal product is contributing more to total output than the average,
thus increasing the average.

- The total product is increasing at an increasing rate or decreasing at a
decreasing rate but still with MP > AP.

Analyzing the Conditions and Responses

Now, let's explore the specific responses or statements that are true when MP
exceeds AP, analyzing each in detail.

Response 1: The Average Product Is Increasing

- True. When the marginal product of an input exceeds the average product,



the average product must be increasing.
- Explanation: Since MP pulls the average up, the AP curve is rising at that
point. This is consistent with the law of increasing averages.

Response 2: The Total Product Is Increasing

- True. An MP greater than zero (which it must be for MP > AP) implies that
total product is increasing.

- Additional note: Even if the total product is increasing, the rate of
increase could be slowing down, but the total output still grows.

Response 3: The Marginal Product Is Positive

- True. For MP to exceed AP, MP must be positive; otherwise, the total
product wouldn't be increasing.

- Implication: Negative marginal product would reduce total output, which
contradicts the scenario where MP exceeds AP.

Response 4: The Total Product Is at Its Maximum

- False. When MP exceeds AP, total product is still increasing; it is not at
its maximum.

- Explanation: Total product reaches its maximum when MP drops below zero,
indicating a decline in total output.

Response 5: The Marginal Product Is Equal to the
Average Product

- False. MP cannot be equal to AP when MP > AP; they are only equal at the
maximum point of AP.

- Additional note: If MP were equal to AP, the AP is at its maximum, but in
this case, MP exceeds AP, so they are not equal.

Graphical Interpretation of the Relationship

Visual aids are essential for deep understanding.

Graph Features When MP > AP

- The AP curve is rising.
- The MP curve lies above the AP curve.
- The MP curve intersects the AP curve at its maximum point.



- The Total Product curve is increasing at an increasing or decreasing rate
but still rising.

Practical Example

- Consider a factory adding workers to produce a product.

- Initially, each additional worker adds more output than the previous,
raising the average.

- When MP exceeds AP, the recent hire is more productive than the average,
pulling the average up.

Real-World Applications and Significance

Understanding the behavior of MP and AP in production helps managers and
decision-makers optimize resource allocation.

Production Efficiency

- When MP exceeds AP, increasing input (like labor) can lead to higher
average productivity.

- It is a signal to continue adding inputs until MP drops below AP or other
limiting factors intervene.

Cost Management

- Increasing marginal and average products can lead to economies of scale.
- Recognizing when MP exceeds AP can help in planning optimal input levels to
maximize output and minimize costs.

Limitations and Considerations

- Diminishing returns eventually set in; MP will decline after a point.
- External factors such as technology, labor skill, and resource availability
influence MP and AP.

Summary of Key Points

To consolidate the concepts, here is a concise list of truths regarding when
MP exceeds AP:



1. The average product is increasing.

2. The marginal product is positive.

3. The total product is increasing.

4. The MP curve lies above the AP curve.

5. At the point where MP exceeds AP, the AP has not yet reached its
maximum.

Conclusion

In conclusion, when the marginal product exceeds the average product, several
conditions are inherently true. Primarily, the average product must be
increasing, the marginal product must be positive, and total output continues
to grow. These insights are vital for understanding production processes and
making informed managerial decisions to optimize output and resource
utilization. Recognizing the relationship between MP and AP is fundamental
for analyzing productivity dynamics and ensuring efficient production
strategies.

By mastering these concepts, students and professionals can better interpret
production data, optimize input levels, and achieve higher efficiency in
various economic and business contexts.

Frequently Asked Questions

When Marginal Product exceeds Average Product, which
of the following must be true?

The Average Product is increasing.

In the context of production, what happens to the
Average Product when Marginal Product is greater
than it?

The Average Product rises.



If Marginal Product exceeds Average Product, what
can be inferred about the slope of the Total Product
curve?

The slope (marginal product) is above the average, indicating increasing
average productivity.

Which of the following is a consequence when
Marginal Product exceeds Average Product?

The Average Product is increasing.

During which phase of production does Marginal
Product surpass Average Product?

In the increasing marginal returns phase, before diminishing returns set in.

How does the relationship between Marginal Product
and Average Product influence decision-making in
production?

When Marginal Product exceeds Average Product, it signals that increasing
input will raise the average output per unit.

What is the typical behavior of Average Product when
Marginal Product is above it?

It is increasing.

Why does the Average Product increase when Marginal
Product exceeds it?

Because the additional output from the last unit of input is higher than the
current average, pulling the average upward.

Additional Resources

Question When Marginal Product Exceeds Average Product, Which Of The
Following Must Be True? Responses

Introduction

In the realm of production economics, understanding the relationship between



marginal product (MP) and average product (AP) is fundamental to analyzing
how firms optimize output and resources. The question, “When marginal product
exceeds average product, which of the following must be true?” is not only a
classic problem in microeconomic theory but also a practical concern for
managers seeking to maximize efficiency. This article aims to dissect this
question thoroughly, exploring the theoretical underpinnings, common
misconceptions, and real-world implications through an investigative lens.

Theoretical Foundations: Marginal and Average Product
Defining Marginal Product (MP)
Marginal product refers to the additional output generated by adding one more

unit of a specific input, holding other inputs constant. Mathematically, it
is expressed as:

\ [

MP = \frac{\Delta Q}{\Delta L}

\1]

where \(Q\) is the total output and \(L\) is the input, such as labor.
Defining Average Product (AP)

Average product measures the output per unit of input, calculated as:

\ [

AP = \frac{Q}{L}

\1]

This metric provides insight into the efficiency of input usage.

The Relationship Between MP and AP

The classical economic relationship states:

- When MP > AP, the AP is increasing.
- When MP < AP, the AP is decreasing.
- When MP = AP, the AP reaches its maximum point.

Understanding these relationships is key to answering the core question.

The Core Question: When MP Exceeds AP, What Must Be True?
The Fundamental Rule

The pivotal theoretical principle is:



> If the marginal product exceeds the average product, then the average
product is increasing.

This rule is derived from calculus and the properties of averages and
marginal values.

Formal Explanation
Suppose \(Q = Q(L)\), then:

\ [
AP = \frac{Q}{L}
\1]

and

\ [
MP = \frac{dQ}{dL}
\1]

Using the derivative to analyze the behavior of \(AP\):

\ [

\frac{d}{dL} \left( \frac{Q}{L} \right) = \frac{L \times dQ/dL - Q}{L"2} =
\frac{L \times MP - Q}{L"2}

\1

Since \(Q = AP \times L\), substituting yields:

\ [

\frac{dAP}{dL} = \frac{L \times MP - AP \times L}{L"2} = \frac{L (MP -
AP)}{L"2} = \frac{MP - AP}{L}

\1

Because \ (L > 0\), the sign of \(\frac{dAP}{dL}\) depends on \(MP - AP\):

- If \(MP > AP\), then \(\frac{dAP}{dL} > 0O\): AP is increasing.
- If \(MP < AP\), then \(\frac{dAP}{dL} < O\): AP is decreasing.
- If \(MP = AP\), then \(\frac{dAP}{dL} = O\): AP is at its maximum.

Thus, the key conclusion is:

> When marginal product exceeds average product, the average product must be
increasing.

Practical Implications and Misconceptions

Common Responses and Their Validity



In multiple-choice or theoretical problems, various responses may be
proposed. Typical options include statements like:

The total product is increasing at an increasing rate.
The average product is decreasing.
The marginal product is decreasing.
The average product is increasing.

1
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The correct response, based on the fundamental rule, is generally:
D. The average product is increasing.
Other options are false because:

- The total product increasing at an increasing rate (option A) relates to
the second derivative of total product — not directly to the relationship
between MP and AP.

- The average product decreasing (option B) contradicts the core rule.

- The marginal product decreasing (option C) may or may not be true; it
depends on the specific stage of production but is not a necessary condition
when MP exceeds AP.

Why Is This Important?

Recognizing that MP exceeds AP implies increasing AP helps in decision-making
about resource allocation. For instance, if adding more labor increases
efficiency (AP), a firm should continue to expand input usage until MP drops
below AP.

Graphical Analysis: Visualizing the Relationship
The Production Curve

Plotting total product (TP), marginal product (MP), and average product (AP)
against input levels provides intuitive understanding:

- The TP curve initially rises at an increasing rate, then at a decreasing
rate, eventually plateauing.

- The MP curve intersects the AP curve at the maximum point of AP.

- The AP curve increases when MP is above it and decreases when MP falls
below it.

Key Observations from Graphs
- When MP > AP, the AP curve slopes upward.
- When MP < AP, the AP curve slopes downward.

- The point where MP = AP marks the maximum point of AP.

This graphical approach confirms the calculus-based conclusion and enhances



comprehension.

Broader Context: Production Theory and Firm Behavior
The Law of Diminishing Returns

The relationship between MP and AP is embedded within the broader principle
of diminishing returns:

- Initially, marginal product increases due to specialization.

- Eventually, diminishing returns set in, MP declines.

- The point where MP crosses AP indicates the maximum efficiency point, after
which AP begins to decline.

Understanding these dynamics helps firms decide optimal input levels.
Implications for Cost and Profit Optimization

- When AP is rising, average costs per unit decrease, potentially increasing
profit margins.

- When AP begins to fall, costs per unit increase, signaling the need to
adjust input levels.

Summary of Key Findings

Condition | Implication | Must Be True? |

I
i B I
| MP
I
I

> AP | Average product is increasing | Yes |
MP = AP | AP at maximum | Yes |
MP < AP | AP decreasing | Yes |

The central conclusion is clear: If marginal product exceeds average product,
the average product must be increasing. This relationship holds universally
within the assumptions of the law of diminishing returns and the calculus of
averages and marginals.

Conclusion

The question, “When marginal product exceeds average product, which of the
following must be true?” offers an opportunity to explore fundamental
concepts in production theory. Through a rigorous investigation grounded in
calculus and graphical analysis, we see that the core answer is
straightforward: the average product must be increasing.

This understanding is vital for both theoretical models and practical



decision-making. Firms that recognize the stages of production and the
relationships between MP and AP can better allocate resources, optimize
output, and maximize profits. Moreover, this principle underscores the
importance of precise analysis in microeconomic theory, allowing economists
and managers alike to make informed, data-driven choices.

In essence, the relationship between marginal and average products is a
cornerstone of production analysis, illuminating the dynamics of input
utilization and efficiency. Recognizing that MP exceeding AP leads to
increasing AP is not just an academic insight but a practical tool for
navigating the complexities of production and growth.
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