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Abstract

The Cambridge capital controversy, a pivotal debate in economic theory, challenges the neoclassical conceptu-
alization of capital as a homogeneous factor of production and its role in determining income distribution through
marginal productivity theory. This paper revisits the controversy from an industrial organization perspective, fo-
cusing on the implications of capital heterogeneity, reswitching, and reverse capital deepening for empirical analysis.
By integrating theoretical critiques with empirical evidence, the paper explores how the controversy undermines
traditional neoclassical assumptions and offers new insights into firm behavior, investment decisions, and capital
allocation in industrial settings. A case study of a specific industry is presented to illustrate the practical relevance
of the Cambridge critique, highlighting the challenges in measuring capital and its impact on production functions.
The findings suggest that the heterogeneity of capital goods and the phenomena of reswitching and reverse capital
deepening have significant implications for industrial organization, necessitating a reevaluation of traditional eco-
nomic models and policy frameworks. This paper concludes with recommendations for future research and policy,
emphasizing the need for more nuanced approaches to understanding capital in industrial economics.

1 Introduction

The Cambridge capital controversy, which emerged in the 1950s and 1960s, represents one of the most significant
theoretical debates in modern economics. At its core, the controversy revolves around the nature of capital and
its role in production and distribution. The debate pitted the Cambridge (UK) school, led by economists such as
Joan Robinson, Piero Sraffa, and Nicholas Kaldor, against the Cambridge (US) school, represented by neoclassical
economists like Paul Samuelson and Robert Solow. The central issue was the neoclassical treatment of capital as
a homogeneous factor of production, which could be aggregated into a single measure and used to explain income
distribution through marginal productivity theory (Harcourt, 1972; Cohen & Harcourt, 2003).

The Cambridge (UK) critique challenged this view, arguing that capital cannot be treated as a homogeneous en-
tity due to its inherent heterogeneity. This critique was crystallized in the phenomena of “reswitching” and “reverse
capital deepening,” which demonstrated that the relationship between capital intensity and the rate of profit is not
monotonic, as neoclassical theory assumes. Reswitching occurs when a previously abandoned production technique
becomes optimal again at a higher rate of profit, while reverse capital deepening refers to situations where an increase
in the rate of profit leads to the adoption of more capital-intensive techniques (Sraffa, 1960; Garegnani, 1970). These
phenomena undermine the neoclassical notion that capital can be measured independently of distribution and that
its marginal product determines the rate of profit.

From an industrial organization perspective, the Cambridge capital controversy has profound implications. Industrial
organization, as a field, is concerned with understanding firm behavior, market structures, and the determinants of
industrial performance. The controversy raises critical questions about how firms make investment decisions, how
capital is allocated across industries, and how production processes are organized in the presence of heterogeneous
capital goods. Traditional models of industrial organization, which often rely on neoclassical production functions,
may fail to capture the complexities introduced by capital heterogeneity and the phenomena of reswitching and re-
verse capital deepening (Pasinetti, 1966; Cohen & Harcourt, 2003).
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This paper seeks to bridge the gap between the theoretical debates of the Cambridge capital controversy and their
empirical implications for industrial organization. By revisiting the controversy through the lens of industrial eco-
nomics, this paper aims to provide new insights into the role of capital in production and distribution, particularly
in the context of firm behavior and market dynamics. This paper also presents a case study to illustrate how the
theoretical issues raised by the controversy manifest in real-world industrial settings, offering a concrete example of
the challenges in measuring capital and its impact on production functions.

This paper is organized as follows. Section 2 provides a historical overview of the Cambridge capital controversy
and its key concepts. Section 3 critiques the neoclassical theory of capital, focusing on the phenomena of reswitching
and reverse capital deepening. Section 4 explores the implications of the controversy for industrial organization,
particularly in terms of firm behavior and empirical analysis. Section 5 presents a case study to illustrate the prac-
tical relevance of the Cambridge critique. Finally, section 6 concludes with a discussion of the findings and their
implications for future research and policy.

2 Historical background and key concepts

The Cambridge capital controversy emerged in the mid-20th century as a fundamental critique of the neoclassical
theory of capital and its role in production and distribution. This section provides a historical overview of the debate,
introduces its key concepts, and explains its relevance to industrial organization.

2.1 Origins

The controversy began in the 1950s and 1960s as a clash between two schools of economic thought: the Cambridge
(UK) school, represented by economists such as Joan Robinson, Piero Sraffa, and Nicholas Kaldor, and the Cam-
bridge (US) school, led by neoclassical economists like Paul Samuelson and Robert Solow. The debate centered on
the neoclassical treatment of capital as a homogeneous factor of production, which could be aggregated into a single
measure and used to explain income distribution through marginal productivity theory (Harcourt, 1972; Cohen &
Harcourt, 2003).

The Cambridge (UK) economists argued that the neoclassical approach was flawed because it ignored the heterogene-
ity of capital goods. In neoclassical theory, capital is treated as a single, measurable entity, and its marginal product
is assumed to determine the rate of profit. However, the Cambridge (UK) critique highlighted that capital goods are
inherently heterogeneous, making it impossible to aggregate them into a single measure without reference to prices
and distribution (Sraffa, 1960; Garegnani, 1970).

2.2 Key concepts

The controversy introduced several key concepts that challenged the foundations of neoclassical economics. These
concepts remain central to understanding the debate and its implications for industrial organization.

1. Reswitching occurs when a production technique that was previously abandoned becomes optimal again at
a higher rate of profit. This phenomenon contradicts the neoclassical assumption that there is a monotonic
relationship between capital intensity and the rate of profit. Reswitching implies that the same technique can
be optimal at multiple rates of profit, undermining the idea that capital can be measured independently of
distribution (Sraffa, 1960; Pasinetti, 1966).

2. Reverse capital deepening refers to situations where an increase in the rate of profit leads to the adoption of
more capital-intensive techniques. This phenomenon contradicts the neoclassical prediction that higher profit
rates should lead to the adoption of less capital-intensive techniques. Reverse capital deepening highlights the
complexity of the relationship between capital intensity and the rate of profit, further challenging the neoclassical
theory of capital (Garegnani, 1970; Cohen & Harcourt, 2003).
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3. The Cambridge (UK) critique emphasized that capital goods are not homogeneous but rather heterogeneous
in nature. This heterogeneity makes it impossible to aggregate capital into a single measure without reference
to prices and distribution. The critique argued that the neoclassical treatment of capital as a homogeneous
factor of production is fundamentally flawed and cannot provide a coherent explanation of income distribution
(Sraffa, 1960; Harcourt, 1972).

2.3 Relevance to industrial organization

The Cambridge capital controversy has significant implications for industrial organization, particularly in under-
standing firm behavior, investment decisions, and the role of capital in production. Traditional models of industrial
organization often rely on neoclassical production functions, which assume that capital is a homogeneous factor of
production. However, the controversy highlights the limitations of these models in capturing the complexities in-
troduced by capital heterogeneity and the phenomena of reswitching and reverse capital deepening (Pasinetti, 1966;
Cohen & Harcourt, 2003).

For example, the heterogeneity of capital goods means that firms must make investment decisions based on the
specific characteristics of the capital goods available to them, rather than relying on a single measure of capital. This
has implications for how firms allocate resources, choose production techniques, and respond to changes in market
conditions. Additionally, the phenomena of reswitching and reverse capital deepening suggest that the relationship
between capital intensity and profitability is more complex than traditional models assume, raising questions about
the validity of using neoclassical production functions in empirical analysis (Garegnani, 1970; Harcourt, 1972).

The Cambridge capital controversy represents a fundamental challenge to the neoclassical theory of capital and
its role in production and distribution. By introducing key concepts such as reswitching, reverse capital deepening,
and the heterogeneity of capital, the controversy highlights the limitations of traditional economic models and their
applicability to real-world industrial settings. The next section of this paper will provide a detailed critique of the
neoclassical theory of capital, focusing on the phenomena of reswitching and reverse capital deepening and their
implications for industrial organization.

3 Critique of the neoclassical theory of capital

The neoclassical theory of capital, which forms the foundation of much of modern economics, treats capital as a
homogeneous factor of production that can be aggregated into a single measure. This section critiques the neoclassical
theory, focusing on the phenomena of reswitching and reverse capital deepening, and explores how these challenges
undermine the traditional assumptions of capital theory. The implications of these critiques for industrial organization
are also discussed.

3.1 The neoclassical view

In neoclassical economics, capital is treated as a homogeneous factor of production, akin to labor and land. This
homogeneity allows capital to be aggregated into a single measure, typically expressed in value terms, and used in
production functions to explain output and income distribution. The marginal productivity theory, a cornerstone of
neoclassical economics, posits that the rate of profit is determined by the marginal product of capital, while wages
are determined by the marginal product of labor (Samuelson, 1962; Solow, 1956).

The neoclassical approach assumes that there is a monotonic relationship between capital intensity (the ratio of
capital to labor) and the rate of profit. According to this view, as the rate of profit increases, firms will adopt
less capital-intensive techniques, leading to a decrease in the demand for capital. This relationship is central to the
neoclassical explanation of income distribution, as it implies that the scarcity of capital relative to labor determines
the rate of profit (Harcourt, 1972; Cohen & Harcourt, 2003).
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3.2 Reswitching and reverse capital deepening

The Cambridge (UK) critique of neoclassical capital theory centers on the phenomena of reswitching and reverse
capital deepening, which challenge the assumption of a monotonic relationship between capital intensity and the rate
of profit.

1. Reswitching occurs when a production technique that was previously abandoned becomes optimal again at a
higher rate of profit. This phenomenon contradicts the neoclassical assumption that there is a unique relationship
between capital intensity and the rate of profit. Reswitching implies that the same technique can be optimal at
multiple rates of profit, making it impossible to rank techniques based on capital intensity alone (Sraffa, 1960;
Pasinetti, 1966). For example, a technique that is optimal at a low rate of profit may become optimal again at a
high rate of profit, even if intermediate techniques are more capital-intensive. This undermines the neoclassical
notion that capital can be measured independently of distribution.

2. Reverse capital deepening refers to situations where an increase in the rate of profit leads to the adoption of
more capital-intensive techniques. This phenomenon contradicts the neoclassical prediction that higher profit
rates should lead to the adoption of less capital-intensive techniques. Reverse capital deepening highlights
the complexity of the relationship between capital intensity and the rate of profit, further challenging the
neoclassical theory of capital (Garegnani, 1970; Cohen & Harcourt, 2003). For instance, in some cases, firms
may choose to invest in more capital-intensive technologies as the rate of profit rises, rather than shifting to less
capital-intensive methods.

These phenomena demonstrate that the relationship between capital intensity and the rate of profit is not monotonic,
as neoclassical theory assumes. Instead, the relationship is complex and context-dependent, making it impossible to
derive a general theory of income distribution based on the marginal productivity of capital (Sraffa, 1960; Harcourt,
1972).

3.3 Implications for industrial organization

The Cambridge critique of neoclassical capital theory has significant implications for industrial organization, partic-
ularly in understanding firm behavior, investment decisions, and the role of capital in production.

1. Firm behavior and investment decisions: The heterogeneity of capital goods means that firms must make
investment decisions based on the specific characteristics of the capital goods available to them, rather than
relying on a single measure of capital. This has implications for how firms allocate resources, choose production
techniques, and respond to changes in market conditions. For example, the phenomena of reswitching and reverse
capital deepening suggest that firms may adopt different techniques at different rates of profit, depending on
the specific characteristics of the capital goods involved (Pasinetti, 1966; Garegnani, 1970).

2. Empirical challenges: The Cambridge critique raises significant challenges for empirical analysis in industrial
organization. Traditional models of industrial organization often rely on neoclassical production functions, which
assume that capital is a homogeneous factor of production. However, the heterogeneity of capital goods and
the phenomena of reswitching and reverse capital deepening suggest that these models may fail to capture the
complexities of real-world production processes. This has implications for the validity of empirical studies that
rely on neoclassical production functions to analyze firm behavior and market dynamics (Cohen & Harcourt,
2003; Harcourt, 1972).

3. Policy implications: The Cambridge critique also has implications for industrial policy, particularly in terms
of investment incentives and capital allocation. If the relationship between capital intensity and the rate of
profit is not monotonic, as neoclassical theory assumes, then policies designed to encourage investment in
capital-intensive technologies may not have the intended effects. For example, policies that increase the rate of
profit may lead to the adoption of more capital-intensive techniques in some cases, but not in others, depending
on the specific characteristics of the capital goods involved (Garegnani, 1970; Pasinetti, 1966).
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The Cambridge critique of neoclassical capital theory highlights the limitations of treating capital as a homogeneous
factor of production and the challenges posed by the phenomena of reswitching and reverse capital deepening. These
critiques have significant implications for industrial organization, particularly in understanding firm behavior, invest-
ment decisions, and the role of capital in production. The next section of this paper will explore these implications
in greater detail, focusing on the empirical challenges and policy implications of the Cambridge critique for industrial
organization.

4 Implications for industrial organization

The Cambridge capital controversy has profound implications for the field of industrial organization, particularly in
understanding firm behavior, investment decisions, and the role of capital in production. This section explores how
the critique of neoclassical capital theory, particularly the phenomena of reswitching and reverse capital deepening,
challenges traditional models of industrial organization and offers new insights into the dynamics of industrial markets.

4.1 Firm behavior and investment decisions

The heterogeneity of capital goods, as emphasized by the Cambridge critique, has significant implications for how
firms make investment decisions and allocate resources. Traditional neoclassical models assume that capital is a
homogeneous factor of production, allowing firms to make investment decisions based on a single measure of capital.
However, the Cambridge critique highlights that capital goods are inherently heterogeneous, meaning that firms must
consider the specific characteristics of the capital goods available to them when making investment decisions (Sraffa,
1960; Garegnani, 1970).

1. Technique choice and reswitching: The phenomenon of reswitching implies that firms may adopt different
production techniques at different rates of profit, depending on the specific characteristics of the capital goods
involved. For example, a firm may switch back to a previously abandoned technique if it becomes optimal
again at a higher rate of profit. This challenges the neoclassical assumption that firms will always adopt less
capital-intensive techniques as the rate of profit increases (Pasinetti, 1966; Cohen & Harcourt, 2003).

2. Reverse capital deepening and investment strategies: Reverse capital deepening suggests that firms may
adopt more capital-intensive techniques as the rate of profit rises, contrary to the neoclassical prediction. This
has implications for firms’ investment strategies, as they may need to consider a wider range of factors, such
as the specific characteristics of the capital goods and the potential for reverse capital deepening, when making
investment decisions (Garegnani, 1970; Harcourt, 1972).

4.2 Empirical challenges in industrial organization

The Cambridge critique raises significant challenges for empirical analysis in industrial organization, particularly in
the use of neoclassical production functions to model firm behavior and market dynamics.

1. Limitations of neoclassical production functions: Traditional models of industrial organization often
rely on neoclassical production functions, which assume that capital is a homogeneous factor of production.
However, the heterogeneity of capital goods and the phenomena of reswitching and reverse capital deepening
suggest that these models may fail to capture the complexities of real-world production processes. This has
implications for the validity of empirical studies that rely on neoclassical production functions to analyze firm
behavior and market dynamics (Cohen & Harcourt, 2003; Harcourt, 1972).

2. The Cambridge critique suggests that alternative approaches to empirical analysis may be needed to capture
the complexities introduced by capital heterogeneity and the phenomena of reswitching and reverse capital
deepening. For example, models that incorporate the specific characteristics of capital goods and allow for the
possibility of reswitching and reverse capital deepening may provide a more accurate representation of firm
behavior and market dynamics (Pasinetti, 1966; Garegnani, 1970).
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4.3 Policy implications

The Cambridge critique also has important implications for industrial policy, particularly in terms of investment
incentives and capital allocation.

1. Investment incentives: If the relationship between capital intensity and the rate of profit is not monotonic,
as neoclassical theory assumes, then policies designed to encourage investment in capital-intensive technologies
may not have the intended effects. For example, policies that increase the rate of profit may lead to the adoption
of more capital-intensive techniques in some cases, but not in others, depending on the specific characteristics
of the capital goods involved (Garegnani, 1970; Pasinetti, 1966).

2. The heterogeneity of capital goods and the phenomena of reswitching and reverse capital deepening suggest that
capital allocation in industrial markets may be more complex than traditional models assume. Policymakers
may need to consider a wider range of factors, such as the specific characteristics of the capital goods and
the potential for reswitching and reverse capital deepening, when designing policies to promote efficient capital
allocation (Cohen & Harcourt, 2003; Harcourt, 1972).

The Cambridge capital controversy has significant implications for the field of industrial organization, challenging
traditional models of firm behavior, investment decisions, and capital allocation. The heterogeneity of capital goods
and the phenomena of reswitching and reverse capital deepening suggest that alternative approaches to empirical
analysis and policy design may be needed to capture the complexities of real-world industrial markets. The next
section of this paper will present a case study to illustrate the practical relevance of the Cambridge critique in a
real-world industrial setting.

5 Empirical analysis: a case study

This section presents a case study of the manufacturing industry in Singapore, focusing on how the heterogeneity
of capital goods and the phenomena of reswitching and reverse capital deepening manifest in real-world industrial
settings. The manufacturing sector in Singapore is highly diverse, encompassing industries such as electronics, chem-
icals, pharmaceuticals, and machinery, making it an ideal case study for examining the implications of the Cambridge
capital controversy. The industry is characterized by significant capital intensity, rapid technological innovation, and
substantial investment in machinery and equipment, which provides a rich context for analyzing how firms navigate
the complexities of capital heterogeneity and the phenomena of reswitching and reverse capital deepening.

The manufacturing sector also offers a unique opportunity to analyze how firms make investment decisions in re-
sponse to changes in market conditions, technological advancements, and shifts in profitability. For example, firms
must evaluate the trade-offs between different types of capital goods, such as the flexibility and scalability of ad-
vanced automation systems versus the cost-effectiveness of traditional manufacturing processes. This case study aims
to illustrate how the theoretical issues raised by the Cambridge capital controversy manifest in real-world industrial
settings, offering a concrete example of the challenges in measuring capital and its impact on production functions.

5.1 Data

The dataset used in this analysis focuses on the total annual output in manufacturing by industry (Singapore De-
partment of Statistics, 2024). The dataset covers the period from 1980 to 2023 and includes total manufacturing
output for various industries, classified according to the Singapore Standard Industrial Classification (SSIC) 2020.
The dataset provides a comprehensive overview of the manufacturing sector, including industries such as electronics,
chemicals, pharmaceuticals, machinery, and more.

The dataset includes the following key variables:
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Figure 1: Total output in manufacturing by industry over time

1. Total output: The total value of goods and services derived from the production process, including manufac-
turing output and other operating income. The valuation of output is based on basic prices, and historical data
have been revised accordingly from 1980.

2. Industry: The dataset includes 22 distinct manufacturing industries, ranging from food and beverage produc-
tion to advanced electronics and pharmaceuticals.

3. Year: The dataset spans from 1980 to 2023, with 2023 data being preliminary estimates.

The dataset is particularly useful for analyzing the long-term trends in capital allocation, investment decisions, and
production techniques across different industries.

5.2 Results

By examining the total output and growth rates of these industries over time, we can identify patterns that may
indicate reswitching or reverse capital deepening, as well as the impact of capital heterogeneity on industrial perfor-
mance. These features, plotted in Figures 1-3, reveal several key findings that illustrate the practical relevance of
the Cambridge capital controversy in the context of Singapore’s manufacturing sector.

5.2.1 Reswitching

Reswitching, a phenomenon where a previously abandoned production technique becomes optimal again at a higher
rate of profit, is observed in several industries (Tables 1-2). For example, the Textiles & Textile Manufactures
industry experienced periods of negative growth rates in 2021, 2020 and 2016, indicating potential reswitching as
firms reverted to less capital-intensive techniques during periods of lower profitability (Sraffa, 1960; Pasinetti, 1966).
Similarly, the Leather, Leather Products & Footwear industry showed signs of reswitching in 2022, 2021 and
2020, as firms adjusted their production techniques in response to fluctuating profit margins.
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Figure 2: Growth rate of total output in manufacturing by industry over time

Industry Years with potential reswitching

Basic Metal 2021, 2020, 2017, 2016, 2013, 2010, 2009, 2007, 2006, 2005,
2004, 2003, 2001, 2000, 1992, 1989, 1988, 1987, 1985, 1984,
1983, 1981

Chemicals & Chemical Prod-
ucts

2021, 2020, 2017, 2016, 2013, 2012, 2010, 2009, 2006, 2005,
2004, 2003, 2002, 2001, 2000, 1999, 1998, 1996, 1994, 1993,
1992, 1989, 1987, 1986, 1985, 1984, 1983, 1982, 1981, 1980

Computer, Electronic & Opti-
cal Products

2021, 2020, 2019, 2017, 2016, 2015, 2014, 2012, 2009, 2006,
2004, 2003, 2002, 1999, 1998, 1996, 1995, 1994, 1993, 1992,
1991, 1990, 1989, 1988, 1987, 1986, 1985, 1983, 1982, 1980

Electrical Equipment 2021, 2020, 2018, 2017, 2016, 2015, 2013, 2012, 2011, 2007,
2006, 2005, 2004, 2003, 1999, 1994, 1993, 1992, 1990, 1988,
1987, 1986, 1985, 1983, 1982, 1980

Fabricated Metal Products 2021, 2020, 2013, 2011, 2010, 2009, 2007, 2006, 2005, 2004,
2003, 2001, 1999, 1998, 1996, 1995, 1994, 1993, 1992, 1991,
1990, 1989, 1988, 1987, 1986, 1985, 1983, 1982, 1981, 1980

Food, Beverage & Tobacco 2021, 2020, 2018, 2017, 2016, 2014, 2013, 2011, 2010, 2009,
2008, 2007, 2006, 2005, 2004, 2003, 2001, 2000, 1996, 1995,
1994, 1993, 1992, 1991, 1990, 1988, 1987, 1984, 1983, 1982,
1981, 1980

Furniture 2022, 2021, 2020, 2016, 2012, 2009, 2008, 2007, 2006, 2001,
1999, 1996, 1993, 1992, 1991, 1989, 1988, 1987, 1986, 1983,
1982, 1980

Leather, Leather Products &
Footwear

2022, 2021, 2020, 2017, 2014, 2012, 2011, 2010, 2009, 2006,
2005, 2004, 2003, 2002, 1999, 1998, 1996, 1991, 1990, 1988,
1987, 1986, 1980

Continued on next page
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Table 1 – continued from previous page

Industry Years with potential reswitching

Machinery & Equipment 2021, 2020, 2017, 2016, 2013, 2012, 2011, 2010, 2009, 2007,
2006, 2005, 2004, 2003, 2002, 2001, 1999, 1996, 1995, 1994,
1993, 1991, 1990, 1989, 1988, 1987, 1986, 1981, 1980

Motor Vehicles, Trailers &
Semi-Trailers

2022, 2020, 2017, 2016, 2015, 2014, 2013, 2012, 2011, 2010,
2009, 2005, 2002, 2001, 1999, 1998, 1996, 1994, 1992, 1991,
1990, 1989, 1987, 1983, 1981

Non-Metallic Mineral Prod-
ucts

2022, 2021, 2020, 2018, 2017, 2012, 2011, 2010, 2007, 2006,
2005, 2003, 2001, 1996, 1995, 1994, 1993, 1992, 1991, 1990,
1989, 1988, 1982, 1981, 1980

Other Manufacturing Indus-
tries

2021, 2020, 2019, 2018, 2017, 2016, 2015, 2013, 2012, 2011,
2010, 2009, 2008, 2007, 2006, 2005, 2004, 2002, 2001, 2000,
1999, 1998, 1997, 1996, 1993, 1992, 1989, 1988, 1987, 1986,
1985, 1983, 1982, 1980

Other Transport Equipment 2022, 2021, 2020, 2018, 2015, 2012, 2011, 2010, 2007, 2006,
2005, 2004, 2003, 2001, 2000, 1997, 1996, 1994, 1993, 1992,
1991, 1990, 1989, 1988, 1987, 1986, 1985, 1983, 1980

Paper & Paper Products 2021, 2020, 2018, 2017, 2013, 2012, 2009, 2007, 2006, 2004,
2003, 2002, 2001, 1999, 1994, 1993, 1992, 1990, 1989, 1988,
1987, 1986, 1985, 1984, 1983, 1982, 1981, 1980

Pharmaceutical & Biological
Products

2022, 2021, 2020, 2019, 2017, 2015, 2011, 2010, 2009, 2005,
2004, 2003, 2002, 2001, 2000, 1998, 1997, 1996, 1995, 1994,
1992, 1990, 1989, 1988, 1987, 1986, 1985, 1983, 1982, 1981,
1980

Printing & Reproduction Of
Recorded Media

2013, 2010, 2009, 2007, 2006, 2005, 2004, 2003, 2002, 1999,
1996, 1995, 1994, 1993, 1992, 1991, 1990, 1989, 1988, 1987,
1986, 1985, 1983, 1982, 1981, 1980

Refined Petroleum Products 2021, 2020, 2017, 2016, 2011, 2010, 2009, 2007, 2006, 2005,
2004, 2003, 2002, 2001, 1999, 1998, 1996, 1995, 1992, 1989,
1988, 1987, 1986, 1981, 1980

Rubber & Plastic Products 2021, 2020, 2019, 2017, 2016, 2009, 2005, 2004, 2001, 1999,
1998, 1996, 1995, 1994, 1993, 1992, 1990, 1989, 1988, 1987,
1986, 1985, 1983, 1982, 1980

Textiles & Textile Manufac-
tures

2021, 2020, 2016, 2015, 2014, 2012, 2010, 2007, 2002, 1999,
1997, 1996, 1990, 1989, 1988, 1987, 1986, 1985

Wearing Apparel 2021, 2020, 2019, 2018, 2016, 2010, 2008, 2006, 2003, 2001,
1999, 1998, 1990, 1988, 1987, 1986, 1985, 1983, 1982, 1980

Wood & Wood Products 2021, 2020, 2015, 2013, 2012, 2011, 2010, 2007, 2005, 2003,
2001, 1999, 1997, 1996, 1994, 1988, 1987, 1986

Total Manufacturing 2021, 2020, 2017, 2016, 2013, 2011, 2010, 2009, 2007, 2006,
2005, 2004, 2003, 2002, 2001, 1999, 1998, 1996, 1995, 1994,
1993, 1992, 1991, 1990, 1989, 1988, 1987, 1986, 1983, 1982,
1980

Table 1: Years with potential reswitching in low-correlation
industries
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Figure 3: Average growth rate of total output by industry
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Industry Years with potential reswitching

Basic Metal 2021, 2020, 2017, 2016, 2013, 2010, 2009, 2007, 2006, 2005,
2004, 2003, 2001, 2000, 1992, 1989, 1988, 1987, 1985, 1984,
1983, 1981

Chemicals & Chemical Prod-
ucts

2021, 2020, 2017, 2016, 2013, 2012, 2010, 2009, 2006, 2005,
2004, 2003, 2002, 2001, 2000, 1999, 1998, 1996, 1994, 1993,
1992, 1989, 1987, 1986, 1985, 1984, 1983, 1982, 1981, 1980

Computer, Electronic & Opti-
cal Products

2021, 2020, 2019, 2017, 2016, 2015, 2014, 2012, 2009, 2006,
2004, 2003, 2002, 1999, 1998, 1996, 1995, 1994, 1993, 1992,
1991, 1990, 1989, 1988, 1987, 1986, 1985, 1983, 1982, 1980

Electrical Equipment 2021, 2020, 2018, 2017, 2016, 2015, 2013, 2012, 2011, 2007,
2006, 2005, 2004, 2003, 1999, 1994, 1993, 1992, 1990, 1988,
1987, 1986, 1985, 1983, 1982, 1980

Fabricated Metal Products 2021, 2020, 2013, 2011, 2010, 2009, 2007, 2006, 2005, 2004,
2003, 2001, 1999, 1998, 1996, 1995, 1994, 1993, 1992, 1991,
1990, 1989, 1988, 1987, 1986, 1985, 1983, 1982, 1981, 1980

Food, Beverage & Tobacco 2021, 2020, 2018, 2017, 2016, 2014, 2013, 2011, 2010, 2009,
2008, 2007, 2006, 2005, 2004, 2003, 2001, 2000, 1996, 1995,
1994, 1993, 1992, 1991, 1990, 1988, 1987, 1984, 1983, 1982,
1981, 1980

Furniture 2022, 2021, 2020, 2016, 2012, 2009, 2008, 2007, 2006, 2001,
1999, 1996, 1993, 1992, 1991, 1989, 1988, 1987, 1986, 1983,
1982, 1980

Leather, Leather Products &
Footwear

2022, 2021, 2020, 2017, 2014, 2012, 2011, 2010, 2009, 2006,
2005, 2004, 2003, 2002, 1999, 1998, 1996, 1991, 1990, 1988,
1987, 1986, 1980

Machinery & Equipment 2021, 2020, 2017, 2016, 2013, 2012, 2011, 2010, 2009, 2007,
2006, 2005, 2004, 2003, 2002, 2001, 1999, 1996, 1995, 1994,
1993, 1991, 1990, 1989, 1988, 1987, 1986, 1981, 1980

Motor Vehicles, Trailers &
Semi-Trailers

2022, 2020, 2017, 2016, 2015, 2014, 2013, 2012, 2011, 2010,
2009, 2005, 2002, 2001, 1999, 1998, 1996, 1994, 1992, 1991,
1990, 1989, 1987, 1983, 1981

Non-Metallic Mineral Prod-
ucts

2022, 2021, 2020, 2018, 2017, 2012, 2011, 2010, 2007, 2006,
2005, 2003, 2001, 1996, 1995, 1994, 1993, 1992, 1991, 1990,
1989, 1988, 1982, 1981, 1980

Other Manufacturing Indus-
tries

2021, 2020, 2019, 2018, 2017, 2016, 2015, 2013, 2012, 2011,
2010, 2009, 2008, 2007, 2006, 2005, 2004, 2002, 2001, 2000,
1999, 1998, 1997, 1996, 1993, 1992, 1989, 1988, 1987, 1986,
1985, 1983, 1982, 1980

Other Transport Equipment 2022, 2021, 2020, 2018, 2015, 2012, 2011, 2010, 2007, 2006,
2005, 2004, 2003, 2001, 2000, 1997, 1996, 1994, 1993, 1992,
1991, 1990, 1989, 1988, 1987, 1986, 1985, 1983, 1980

Paper & Paper Products 2021, 2020, 2018, 2017, 2013, 2012, 2009, 2007, 2006, 2004,
2003, 2002, 2001, 1999, 1994, 1993, 1992, 1990, 1989, 1988,
1987, 1986, 1985, 1984, 1983, 1982, 1981, 1980

Continued on next page
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Table 2 – continued from previous page

Industry Years with potential reswitching

Pharmaceutical & Biological
Products

2022, 2021, 2020, 2019, 2017, 2015, 2011, 2010, 2009, 2005,
2004, 2003, 2002, 2001, 2000, 1998, 1997, 1996, 1995, 1994,
1992, 1990, 1989, 1988, 1987, 1986, 1985, 1983, 1982, 1981,
1980

Printing & Reproduction Of
Recorded Media

2013, 2010, 2009, 2007, 2006, 2005, 2004, 2003, 2002, 1999,
1996, 1995, 1994, 1993, 1992, 1991, 1990, 1989, 1988, 1987,
1986, 1985, 1983, 1982, 1981, 1980

Refined Petroleum Products 2021, 2020, 2017, 2016, 2011, 2010, 2009, 2007, 2006, 2005,
2004, 2003, 2002, 2001, 1999, 1998, 1996, 1995, 1992, 1989,
1988, 1987, 1986, 1981, 1980

Rubber & Plastic Products 2021, 2020, 2019, 2017, 2016, 2009, 2005, 2004, 2001, 1999,
1998, 1996, 1995, 1994, 1993, 1992, 1990, 1989, 1988, 1987,
1986, 1985, 1983, 1982, 1980

Textiles & Textile Manufac-
tures

2021, 2020, 2016, 2015, 2014, 2012, 2010, 2007, 2002, 1999,
1997, 1996, 1990, 1989, 1988, 1987, 1986, 1985

Wearing Apparel 2021, 2020, 2019, 2018, 2016, 2010, 2008, 2006, 2003, 2001,
1999, 1998, 1990, 1988, 1987, 1986, 1985, 1983, 1982, 1980

Wood & Wood Products 2021, 2020, 2015, 2013, 2012, 2011, 2010, 2007, 2005, 2003,
2001, 1999, 1997, 1996, 1994, 1988, 1987, 1986

Total Manufacturing 2021, 2020, 2017, 2016, 2013, 2011, 2010, 2009, 2007, 2006,
2005, 2004, 2003, 2002, 2001, 1999, 1998, 1996, 1995, 1994,
1993, 1992, 1991, 1990, 1989, 1988, 1987, 1986, 1983, 1982,
1980

Table 2: Years with potential reswitching in high-correlation
industries

5.2.2 Reverse capital deepening

Reverse capital deepening, where firms adopt more capital-intensive techniques as the rate of profit rises, is also evident
in the data (Tables 3-4). For instance, the Chemicals & Chemical Products industry exhibited high growth
rates in 2022, 2019 and 2018, suggesting that firms invested in more capital-intensive technologies during periods of
rising profitability (Garegnani, 1970; Cohen & Harcourt, 2003). Similarly, the Computer, Electronic & Optical
Products industry showed significant growth in 2022 and 2000, indicating a shift towards more capital-intensive
production methods despite higher profit rates.

Industry Years with potential reverse capital deepening

Basic Metal 2022, 2014, 2012, 2008, 1997, 1980

Chemicals & Chemical Prod-
ucts

2022, 2019, 2018, 2014, 2008

Computer, Electronic & Opti-
cal Products

2022, 2000, 1981

Electrical Equipment 2008, 2000, 1997, 1984

Fabricated Metal Products 2000, 1984

Food, Beverage & Tobacco 1986

Furniture 2019, 2017, 2013, 2000, 1997

Continued on next page
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Table 3 – continued from previous page

Industry Years with potential reverse capital deepening

Leather, Leather Products &
Footwear

2019, 2018, 2015, 2008, 2007, 1997, 1984, 1981

Machinery & Equipment 2018, 2015, 2014, 1997, 1984, 1982

Motor Vehicles, Trailers &
Semi-Trailers

2019, 2008, 2007, 2000, 1997, 1986, 1985, 1980

Non-Metallic Mineral Prod-
ucts

2019, 2016, 2015, 2013, 2000, 1998, 1997, 1986, 1985, 1984

Other Manufacturing Indus-
tries

2014, 2003, 1981

Other Transport Equipment 2019, 1982

Paper & Paper Products 1997

Pharmaceutical & Biological
Products

2018, 2012, 2007

Printing & Reproduction Of
Recorded Media

2019, 2015, 2008, 2000

Refined Petroleum Products 2022, 2019, 2018, 2015, 2014, 2013, 2012, 2008, 1997, 1985,
1984, 1982

Rubber & Plastic Products 2022, 2008, 2006, 2000, 1984

Textiles & Textile Manufac-
tures

2019, 2017, 2013, 2011, 2009, 2008, 2006, 2005, 2001, 1995,
1993, 1984, 1983, 1982, 1981, 1980

Wearing Apparel 2022, 2015, 2014, 2013, 2012, 2009, 2007, 2005, 2004, 2000,
1995, 1994, 1992

Wood & Wood Products 2017, 2008, 2000, 1998, 1990, 1989, 1985, 1984, 1983, 1982,
1981, 1980

Total Manufacturing 2022, 2008, 2000

Table 3: Years with potential reverse capital deepening in
low-correlation industries

Industry Years with potential reverse capital deepening

Basic Metal 2022, 2014, 2012, 2008, 1997, 1980

Chemicals & Chemical Prod-
ucts

2022, 2019, 2018, 2014, 2008

Computer, Electronic & Opti-
cal Products

2022, 2000, 1981

Electrical Equipment 2008, 2000, 1997, 1984

Fabricated Metal Products 2000, 1984

Food, Beverage & Tobacco 1986

Furniture 2019, 2017, 2013, 2000, 1997

Leather, Leather Products &
Footwear

2019, 2018, 2015, 2008, 2007, 1997, 1984, 1981

Machinery & Equipment 2018, 2015, 2014, 1997, 1984, 1982

Motor Vehicles, Trailers &
Semi-Trailers

2019, 2008, 2007, 2000, 1997, 1986, 1985, 1980

Continued on next page
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Table 4 – continued from previous page

Industry Years with potential reverse capital deepening

Non-Metallic Mineral Prod-
ucts

2019, 2016, 2015, 2013, 2000, 1998, 1997, 1986, 1985, 1984

Other Manufacturing Indus-
tries

2014, 2003, 1981

Other Transport Equipment 2019, 1982

Paper & Paper Products 1997

Pharmaceutical & Biological
Products

2018, 2012, 2007

Printing & Reproduction Of
Recorded Media

2019, 2015, 2008, 2000

Refined Petroleum Products 2022, 2019, 2018, 2015, 2014, 2013, 2012, 2008, 1997, 1985,
1984, 1982

Rubber & Plastic Products 2022, 2008, 2006, 2000, 1984

Textiles & Textile Manufac-
tures

2019, 2017, 2013, 2011, 2009, 2008, 2006, 2005, 2001, 1995,
1993, 1984, 1983, 1982, 1981, 1980

Wearing Apparel 2022, 2015, 2014, 2013, 2012, 2009, 2007, 2005, 2004, 2000,
1995, 1994, 1992

Wood & Wood Products 2017, 2008, 2000, 1998, 1990, 1989, 1985, 1984, 1983, 1982,
1981, 1980

Total Manufacturing 2022, 2008, 2000

Table 4: Years with potential reverse capital deepening in
high-correlation industries

5.2.3 Heterogeneity of capital goods

The analysis highlights the importance of considering the specific characteristics of capital goods when making invest-
ment decisions. For example, the Machinery & Equipment industry demonstrated varying growth rates over time,
with firms investing in advanced automation systems during periods of high profitability (e.g., 2018 and 2015) but
reverting to traditional methods during downturns (e.g., 2021 and 2020). This underscores the limitations of treating
capital as a homogeneous factor of production, as emphasized by the Cambridge critique (Sraffa, 1960; Harcourt,
1972).

5.2.4 Correlation between industries

The correlation matrix (Figure 4) reveals significant relationships between industries, with some industries showing
high levels of interdependence. For example, the Basic Metal industry has a strong positive correlation with the
Chemicals & Chemical Products industry (correlation coefficient = 0.892854), indicating that changes in one
industry often influence the other. Conversely, industries such as Textiles & Textile Manufactures and Food,
Beverage & Tobacco exhibit low or negative correlations, suggesting that they operate independently of each other.

5.3 Implications on the Cambridge capital controversy

The findings from this case study provide empirical evidence that supports the theoretical critiques of the Cambridge
capital controversy. The phenomena of reswitching and reverse capital deepening challenge the neoclassical assumption
of a monotonic relationship between capital intensity and the rate of profit, highlighting the complexity of capital
allocation in real-world industrial settings (Sraffa, 1960; Garegnani, 1970).
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Figure 4: Correlation matrix of total output between industries
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5.3.1 Implications for firm behavior and investment decisions

The heterogeneity of capital goods necessitates that firms consider a wide range of factors when making investment
decisions, including the specific characteristics of the capital goods, the potential for reswitching, and the long-term
implications of different production techniques. For example, firms in the Pharmaceutical & Biological Products
industry must weigh the benefits of investing in advanced R&D technologies against the risks of fluctuating profit
margins, as evidenced by periods of high growth (e.g., 2018 and 2012) followed by downturns (e.g., 2021 and 2020).

5.3.2 Challenges for empirical analysis

The Cambridge critique raises significant challenges for empirical analysis in industrial organization. Traditional
models that rely on neoclassical production functions may fail to capture the complexities introduced by capital
heterogeneity and the phenomena of reswitching and reverse capital deepening. For instance, the Rubber & Plastic
Products industry experienced periods of both high growth (e.g., 2022 and 2008) and negative growth (e.g., 2021
and 2020), which cannot be fully explained by traditional models that assume a linear relationship between capital
intensity and profitability (Cohen & Harcourt, 2003; Harcourt, 1972).

5.3.3 Policy implications

The findings also have important implications for industrial policy, particularly in terms of investment incentives
and capital allocation. Policymakers must consider the potential for reswitching and reverse capital deepening when
designing policies to promote efficient capital allocation and technological innovation. For example, policies aimed
at increasing the rate of profit in the Refined Petroleum Products industry may lead to the adoption of more
capital-intensive techniques in some cases (e.g., 2022 and 2019) but not in others (e.g., 2021 and 2020), depending on
the specific characteristics of the capital goods involved (Garegnani, 1970; Pasinetti, 1966).

6 Conclusion

The Cambridge capital controversy remains one of the most significant theoretical debates in modern economics,
challenging the neoclassical conceptualization of capital as a homogeneous factor of production and its role in de-
termining income distribution through marginal productivity theory. This paper revisited the controversy from an
industrial organization perspective, focusing on the implications of capital heterogeneity, reswitching, and reverse cap-
ital deepening for empirical analysis. By integrating theoretical critiques with empirical evidence from Singapore’s
manufacturing sector, the study highlighted the limitations of traditional neoclassical models and offered new insights
into firm behavior, investment decisions, and capital allocation in industrial settings.

The empirical analysis revealed that the phenomena of reswitching and reverse capital deepening are not merely
theoretical constructs but manifest in real-world industrial settings. For instance, industries such as Chemicals &
Chemical Products and Computer, Electronic & Optical Products exhibited patterns of reswitching, where
firms reverted to previously abandoned production techniques during periods of fluctuating profitability. Similarly,
reverse capital deepening was observed in industries likeMachinery & Equipment andRefined Petroleum Prod-
ucts, where firms adopted more capital-intensive techniques as profit rates rose, contrary to neoclassical predictions.
These findings underscore the complexity of capital allocation and the importance of considering the heterogeneity
of capital goods in economic analysis.

While this study provides valuable insights into the practical implications of the Cambridge capital controversy,
several avenues for future research remain unexplored. First, future studies could expand the scope of analysis to
include other sectors beyond manufacturing, such as services or agriculture, to determine whether the phenomena of
reswitching and reverse capital deepening are prevalent across different industries. Second, incorporating additional
variables such as capital investment levels, technological innovation, and labor market dynamics could
provide a more comprehensive understanding of the factors influencing firm behavior and capital allocation. Finally,
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future research could explore the role of policy interventions in mitigating the challenges posed by capital hetero-
geneity and its implications for income distribution.

The Cambridge capital controversy has persisted for decades, and despite the empirical evidence presented in this
study, a definitive resolution remains elusive. The controversy fundamentally challenges the neoclassical assumption
of capital as a homogeneous factor of production, and the phenomena of reswitching and reverse capital deepening
demonstrate that the relationship between capital intensity and profitability is far more complex than traditional
models suggest. While this study provides empirical support for the Cambridge critique, it also highlights the diffi-
culty of reconciling these findings with the broader neoclassical framework.

The possibility of a definitive answer to the controversy depends on the willingness of economists to embrace alterna-
tive approaches that account for capital heterogeneity and the non-monotonic relationship between capital intensity
and profitability. For example, post-Keynesian and Sraffian models offer promising frameworks for analyzing
capital allocation and income distribution in a way that aligns with the empirical evidence presented in this study.
However, achieving consensus among economists will require a paradigm shift in how capital is conceptualized and
measured, as well as a greater emphasis on empirical validation of theoretical models.

While the Cambridge capital controversy has historically been a divisive issue, there is growing recognition among
economists of the limitations of neoclassical capital theory. The empirical evidence presented in this study, along
with similar findings from other industries and countries, could contribute to a broader acceptance of the Cambridge
critique. However, achieving agreement among economists will require ongoing dialogue and collaboration between
different schools of thought, as well as a commitment to addressing the methodological and theoretical challenges
posed by capital heterogeneity.

In conclusion, the Cambridge capital controversy remains a pivotal debate in economic theory, with significant im-
plications for industrial organization, empirical analysis, and policy design. While this study provides empirical
support for the Cambridge critique, it also underscores the need for further research and theoretical innovation to ad-
dress the longstanding challenges posed by capital heterogeneity. By embracing alternative approaches and fostering
interdisciplinary collaboration, economists may yet find a path toward resolving this enduring controversy.

Acknowledgements

I would like to acknowledge the support of the Singapore Management University (SMU) for providing the academic
environment and resources necessary to conduct this research. I have no financial relationships or other potential
conflicts of interest to disclose. This paper is entirely my own work, and no external funding was received for its
completion.

References

Cohen, A. J., & Harcourt, G. C. (2003). Whatever happened to the Cambridge capital theory controversies? Journal
of Economic Perspectives, 17 (1), 199-214. https://doi.org/10.1257/089533003321164958

Garegnani, P. (1970). Heterogeneous capital, the production function and the theory of distribution. The Re-
view of Economic Studies, 37 (3), 407-436. https://doi.org/10.2307/2296729

Harcourt, G. C. (1972). Some Cambridge controversies in the theory of capital. Cambridge University Press.

Pasinetti, L. L. (1966). Changes in the rate of profit and switches of techniques. The Quarterly Journal of Eco-
nomics, 80 (4), 503-517. https://doi.org/10.2307/1882916

17



Revisiting the Cambridge capital controversy Chan Ric

Sraffa, P. (1960). Production of commodities by means of commodities: Prelude to a critique of economic theory.
Cambridge University Press.

Samuelson, P. A. (1962). Parable and realism in capital theory: The surrogate production function. The Review of
Economic Studies, 29 (3), 193-206. https://doi.org/10.2307/2295954

Solow, R. M. (1956). A contribution to the theory of economic growth. The Quarterly Journal of Economics,
70 (1), 65-94. https://doi.org/10.2307/1884513

Singapore Department of Statistics. (2024). Total output in manufacturing by industry, annual. Economic De-
velopment Board. https://data.gov.sg/datasets/d 11403cd1c5b1f8246c39a0bb9aac63ca/view

18


	Introduction
	Historical background and key concepts
	Origins
	Key concepts
	Relevance to industrial organization

	Critique of the neoclassical theory of capital
	The neoclassical view
	Reswitching and reverse capital deepening
	Implications for industrial organization

	Implications for industrial organization
	Firm behavior and investment decisions
	Empirical challenges in industrial organization
	Policy implications

	Empirical analysis: a case study
	Data
	Results
	Reswitching
	Reverse capital deepening
	Heterogeneity of capital goods
	Correlation between industries

	Implications on the Cambridge capital controversy
	Implications for firm behavior and investment decisions
	Challenges for empirical analysis
	Policy implications


	Conclusion

