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Abstract
This study examines the effect of firm financial efficiency on executive compensation with an emphasis on the
US apparel industry. We find that both annual efficiency levels and cumulative efficiency changes obtained from
the Data Envelopment Analysis (DEA) are positively associated with CEO pay. The effect is stronger for
technological changes and changes in scale efficiency. Our results seem to support the pay-for-efficiency
paradigm, a stricter version of the pay-for-performance framework under the efficient contracting explanation for
CEO pay.
Keywords: apparel industry, data envelopment analysis, efficient contracting, executive compensation, financial
efficiency, Malmquist productivity index
1. Introduction
CEO compensation has been a hot topic of discussion for decades. From 1978 to 2014, the inflation-adjusted
average CEO compensation in the USA increased by 997% compared to about 11% for a typical worker (Mishel
& Davis, 2015). The CEO-to-worker compensation ratio shows an even worse scenario - from 20.2 in 1965 to
279.5 in 2016 (Mishel & Scheider, 2017). A nationwide survey of 1,202 people by the Rock Center of Stanford
University revealed that CEO compensation is not accurately set relative to the average worker in the firm. As
indicated in Figure 1 below, average executive pay has been on an upward trajectory except a few years.

Figure 1. Average CEO Pay (in $ millions) for S&P 500 Companies (Equilar, 2016)
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Many CEOs saw their pay go up even as their companies performed poorly (Jensen & Murphy, 2010). This
disconnect between CEO pay and firm performance brought to the forefront once again the question of why
CEOs are exorbitantly paid for the performance they produce. In this paper, we attempt to put forward another
measure, the firm’s financial efficiency, as an explanation for executive compensation levels.
Our sample is made up of 21 publicly traded apparel companies in the United States. The average CEO pay for
this sample of firms in 2015 was USD 7.3 million. In comparison, the average CEO pay of S&P 500 companies
during the same year was USD 10.4 million. The top five earners in this industry for the year 2015 are Leslie H.
Wexner of L Brands (USD 27.2 million), Carol M. Meyrowitz of TJX (USD 19.6 million), Julian R. Geiger of
ARO Liquidation (USD 10.8 million), Barbara Rentler of Ross Stores (USD 10.2 million), and Jane T. Elfers of
Children's Place (USD 9.8 million).
The objectives of this study are twofold. First, we estimate the annual levels and the cumulative changes in
efficiency for apparel stores via dynamic data envelopment analysis (DEA). Second, we examine the relationship
between these efficiency measures and CEO compensation. Previous research which sought to investigate the
determinants of CEO compensation use firm performance measures such as return on assets and stock returns in
isolation. In contrast, our study combines a wide variety of financial performance indicators into one measure –
financial efficiency, making our analysis richer. This is our main contribution, and to the best of our knowledge,
this is the first study to apply firm financial efficiency measurements to executive compensation analysis.
The rest of this paper is organized as follows: Section 2 presents a summary of the previous related literature,
section 3 discuss the data and empirical models employed by this study, section 4 discusses the empirical results,
and section 5 concludes.
2. Literature Review
There are two related but distinct strands of literature that we must consider due to the nature of our study - (1)
firm performance measurement, and (2) CEO compensation.
It is a well-known fact that executive compensation has been under scrutiny for several decades, with several
critics arguing that top corporate executives are overcompensated. However, corporations tend to defend their
executive compensation using two rationales. On the one hand, there is the efficient contracting framework
which argues that firms offer lucrative pay packages for CEOs to attract talented candidates and to extract
optimal effort. Here, one should expect that firms with high-paid CEOs also yield high financial performance.
On the other hand, some argue that CEO pay serves as a reward for previous work done, indicating that there
should be a positive relationship between current CEO pay levels and past firm performance.
Several other studies (e.g. Eisenhardt, 1989; Baiman, 1990; Gerhart & Milkovich, 1992) argue that one of the
possible solutions to solving the agency issue is to find ways to induce the self-seeking agent to act in the best
interest of the principals they represent. As succinctly put by Tosi, Werner, Katz, and Gomez-Mejia (2000), there
are two main ways of doing so. First, the agents could establish a system of monitoring the managers to ensure
their decision making do not deviate from the stockholders’ best interest, which is difficult to do for such
dispersed stockholders in the presence of board members who may themselves be optimizing their own
wellbeing. The second proposed solution to the agency issue is to establish an incentive system that aligns the
agent’s incentives to the company performance (Fama, 1980).
The studies on CEO compensation and firm performance have not achieved a consensus on the direction and the
magnitude of the impact of firm performance on CEO compensation. In firm performance literature, many
different profitability proxies including return on equity (ROE), return on assets (ROA), stock market
capitalization, annual stockholder’s return amongst other financial profitability ratios have been employed,
sometimes yielding different findings. In their 2003 study, Engel, Hayes, and Wang contend that accounting
performance proxies such as profit, ROA, and ROE, as well as market-based performance yardsticks such as
stock price and total shareholder returns, are the primary basis of executive termination decisions. In this spirit,
the rest of our literature review will focus on these performance variables.
2.1 Market-Based Performance
Regarding market-based performance, several different proxies have been used by earlier studies with varying
results. The earlier work of Jensen and Murphy (1990) analyzed the pay-for-performance theory using
shareholder wealth as a proxy for performance. Even though they found a positive relationship, they failed to
find a very strong empirical relationship between CEO compensation and stockholders wealth, thus, calling into
question the pay-for-performance theory. Jouber and Fakhfakh (2011) in their study of 300 publicly traded firms
found that a positive impact of performance measured by total shareholder return for the year, however, they
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concluded that the CEO pay to performance elasticity is positively correlated to the strength of shareholder
rights.
Contrarily, many other studies have found a significant positive relationship between a firm’s stock performance
and CEO compensation. Hill and Phan in their 1991 study analyzed the relationship between CEO pay and stock
return for the 1977–1988 period, finding a positive correlation between CEO pay and stock return. However,
they also found that this relationship weakens with CEO tenure. Using stock returns as a proxy for performance,
Shaw and Zhang (2010) indicated that changes in CEO cash-based pay were significantly positively related with
stock returns, which they argue that CEOs of better performing firms were better rewarded. Similarly, in a study
of 16 US firms, Boschen and Smith (1995) found that albeit being permanent, past stock return significantly
impacts current executive compensation. In a 2016 Wall Street Journal article, Francis reported the NSCI’s
corporate governance study that investigates the CEO compensation among the 400 large and mid-sized US
firms between 2006 and 2015. They found an inverse relationship between stock price performance and CEO
compensation. In their 2006 study, Leone, Wu, and Zimmerman found that the relationship between stock market
return and CEO compensation may be non-linear. Specifically, they found that CEO pay is more sensitive to
adverse stock returns than to positive stock returns. They also found that compensation elasticity for negative
returns is twice that of positive returns. Similarly, Shaw and Zhang (2010) concluded that CEO cash
compensation is not penalized for lackluster stock returns.
2.2 Accounting Performance Proxies
Cooper, Gulen, and Rau (2016) argue that the variation in current compensation not explained by current
observable performance factors may be highly correlated to future performance. In their opinion, analysts in this
camp tend to rely more on accounting-based performance measures such as ROA and ROE. Other studies have
analyzed the relationship between ROA, ROE, and CEO compensation with varying results. ROE is positively
related to the compensation of executives (Carr, 1997; Berrone & Gomez-Mejia, 2009; Sigler, 2011; Banker,
Darrough, Huang, & Plehn-Dujowich, 2013; Ismail, Yabai, & Hahn, 2014). Similarly, ROA is also positively
related to executive compensation (Yatim, 2012; Pathak, Hoskisson, & Johnson, 2014; Ismail et al., 2014; Paul
& Sahni, 2017).
Contrarily, some studies employing ROA and ROE as performance proxies found a significant negative
relationship or no relationship at all. Jouber and Fakhfakh (2011) studying 300 international firms find no
significant impact of ROE on CEO pay. Interestingly, they even found a negative relationship between CEO
compensation and ROA. Abed, Suwaidan, and Slimani (2014) in a study of a sample of 266 publicly traded
industrial companies in Jordan for the period 2004-2009 found that whereas factors such as CEO tenure, age, and
company size have a significant impact on CEO pay, they found no significant effect of firm performance
measured by ROA. Similarly, Finkelstein and Hambrick (1989) in their study of the leisure industry’s executive
compensation trends found that while ROE is positively related to executive bonuses, it has no impact on the
salary of these executives. They hypothesize that the insignificant relationship is because salaries are set ex-ante,
indicating that wages are not performance based and as such does not drive performance, hence discounting the
efficiency wage argument. In their study of 205 publicly traded US firms drawn from different industries, Core,
Holthausen, and Larcker (1999) found that ROA has no significant impact on executive compensation. Using
data from 15 512 firms from 1993 to 2006, Banker et al. (2013) indicated that ROE and stock performance have
a positive and a significant relationship with CEO equity compensation and CEO total pay. Nonetheless, they
show a negative correlation between ROE and bonus.
Other studies have used different measures of firm performance (apart from ROA and ROE) such as operating
profits to examine the impact of firm performance on CEO pay. For example, Lewellen and Huntsman (1970)
found a significantly positive link between CEO compensation and profit measures. Weichenrieder (2009) found
that only firms with low concentrations of investor ownership have a small relationship between CEO pay and
firm profits. However, those with highly concentrated ownership have no link at all. In a study of 100 firms over
a five-year period, Ismail et al. (2014) concluded that there is a weak positive relationship between profit margin
and CEO pay. Vemala, Nguyen, Nguyen, and Kommasani (2014) selected annual revenue and net income as
proxies for firm performance. The dependent variables include CEO bonus and salary. Using time-series
cross-sectional regression to study the relationships within a sample of Fortune 500 firms listed in 2008 with
2241 observations, they found that CEO compensation has a significant positive correlation with firm size and
firm performance.
2.3 Literature Review Conclusions
From the existing literature, we can conclude that performance can significantly positively impact executive
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compensation. At the same time, these previous studies investigating the link between firm performance and
executive compensation narrowly focused on one proxy for firm performance without genuinely looking at the
overall efficiency of the firms. Also, none of the previous research has explicitly focused on the compensation
for executives in the apparel industry.
In terms of accounting performance measures, one of the most used in the existing literature is ROE, which in
turn can be decomposed into profit margin (PM) (measuring operating efficiency), total asset turnover (TAT)
(measuring asset use efficiency), and the leverage proxied by equity multiplier (EM), using the DuPont system
of equations. That is, ROE can be calculated as PM × TAT × EM. From this equation, one can argue that an
increase in ROE can directly result from an increase in debt levels. Therefore, it is essential that studies which
use ROE as a performance measure need to control for the effects of debt, something most of the previous
studies ignore. Further, ROA can be deduced from the first components of the DuPont system (PM × TAT).
While ROA is an adequate performance measure for most corporate finance studies, it does not encompass the
full spirit of a firm’s financial efficiency as a performance measure.
In actuality, there are several possible proxies for accounting performance which could be employed. However,
the magnitude and the direction of the impact of performance on CEO pay are sensitive to the type of
performance proxy being used. Hence, the use of different accounting performance proxies is one source of the
inconsistencies in the link between performance and CEO compensation reported by previous literature. Also,
most accounting performance proxies measure different aspects of efficiency, which often are correlated with
each other, and as such cannot be used in the same regression. On the other hand, eliminating one or more of
these proxies from the analysis may lead to omitted variable bias.
In an attempt to circumvent the issues described above, we propose the use of the more comprehensive
performance measure estimated in line with data envelopment analysis techniques (DEA) called the Malmquist
Productivity Index. This model allows us to account for both inputs and outputs in measuring firm efficiency and
the growth of efficiency over time. It also allows us to distinguish different aspects of efficiency. We believe that
the DEA type measures of efficiency have significant advantages over individual financial ratios because it
circumvents the “one ratio at a time” issue. More importantly, this approach may also provide analysts the ability
to break up the changes in total factor productivity into its components (technological change and technical
change). Thus, this methodology presents the analyst with the ability to detect the primary determinants of the
movements in total factor productivity (Deliktas, 2002).
In their 2004 analysis of the Greek banking sector, Halkos and Salamouris conclude that DEA can be used as
either a substitute or a complement to traditional financial ratios in estimating firm performance. Feroz, Kim, and
Raab (2003) also document similar findings. Whereas DEA type analysis has been used by some previous
studies in analyzing firm performance (e.g. Chandra, Cooper, Li, & Rahman, 1998; Mahadevan, 2002; Feroz et
al., 2003; Eslami-Bidgoli & Kashani-Poor, 2004; Tehrani, Mehragan, & Golkani, 2012), to our knowledge no
study has applied the efficiency scores obtained from the DEA analysis as a determinant of executive
compensation.
We thus contribute to the existing literature by examining the effect of DEA type efficiency scores on executive
compensation for the apparel industry. Specifically, we employ the Malmquist Total Factor Productivity Index,
which apart from providing us with static efficiency scores, also provides us with the technical change,
technological change, pure efficiency change, and scale efficiency change scores.
3. Research Questions, Contributions, and Empirical Models
3.1 Research Questions
The primary research objective of our study is to examine the relationship between the financial efficiency and
the CEO compensation of publicly traded US apparel firms. Specifically, given operational, financial inputs and
outputs, our central research question is the following: does firm financial efficiency explain the differences in
compensation of the CEOs of US publicly traded apparel firms? This research question can be divided further
into three related issues: (1) Does measuring annual efficiency scores using variable (VRS) and constant (CRS)
returns to scale assumptions lead to significant differences in how static firm efficiency impacts CEO
compensation? (2) Do changes in efficiency impact CEO pay? (3) Do different aspects of efficiency (catch up,
technical, pure, and scale efficiencies) have a significant differential impact on CEO pay (Note 1)?
3.2 Contributions to Existing Literature
The main contribution of our study is the following: using a dynamic input and output model, we investigate the
relationship between firm’s overall internal efficiency and executive compensation. To our knowledge, this study
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is the first to describe the link above. Our other contributions are as follows. First, this study estimates the
efficiency scores, changes in total factor productivity, and changes in different efficiency component factors for
US apparel industry firms. Second, this study documents the relationship between changes in various efficiency
component factors and executive compensation. Third, to our knowledge, this study is the first to investigate
executive compensation in the US apparel industry.
3.3 Research Methodology
By design, our analysis consists of a two-stage process. In stage one we estimate the efficiency levels and
cumulative efficiency changes of apparel industry firms. In stage two, we examine the relationship between the
efficiency scores estimated in step one (and their cumulative changes) and the CEO compensation.
3.3.1 Measuring the Efficiency and Productivity of Publicly Traded US Apparel Firms
Our study seeks to estimate financial efficiency scores and their cumulative changes for US publicly traded
apparel companies. The two commonly employed efficiency estimation techniques in the existing literature
include parametric and nonparametric frontier estimation techniques. In the view of Jarzebowski (2013), both
methodologies have their merits and disadvantages. For our analysis, however, we employ a nonparametric
efficiency scores estimation model called the Malmquist Production Index (MPI), popularized by Caves,
Christensen, and Diewert (1982). One of the criticisms of this model is that it does not provide a means of
estimating inefficiency scores. Fare, Grosskopf, and Norris (1997) solved the problem. It is worth noting that the
MPI estimator is dependent on data envelopment analysis (DEA), which itself is a linear programming (LP)
based model. The model not only presents the annual efficiency scores similar to the DEA models but also gives
the rate of productivity changes between periods for each decision-making unit (in our case, firms).
Before describing the MPI formula specification, it is appropriate to delineate two groups of linear programming
distance functions as given in equations 1 and 2.
s.t.

𝑡
𝜃𝑦𝑖𝑚≤∑
𝑡 𝑡
𝐿
𝑗=1 𝜏𝑗 𝑦𝑚𝑗
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𝑡
𝑡
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≤ 𝑥𝑖𝑛
, 𝑛 = 1, … , 𝑁; 𝜏𝑖𝑡 ≥ 0, i = 1, … , L.

(1)

where xi and yi denote inputs and output for company i, respectively, and t denotes period one. 𝜏𝑖𝑡 =
(𝜏1𝑡 , … . , 𝜏𝐿𝑡 ) is a vector of weights that forms a convex combination of each company’s efficiency observation
relative to the reference country in the analysis. We can replace t with t+1 to reflect the next period information.
These calculations measure the distance of each company’s efficiency score from the reference best practice
company for each year. The inverse of Equation 1 presents DEA type efficiency scores for any period and
̂𝑖𝑡 =1 indicates the ith company is technically efficient, thus on the efficiency
company. It is worth noting that 𝐷
𝑡
̂
frontier. On the other hand, 𝐷𝑖 ≤1 denotes a technically inefficient company. The distance between a company’s
efficiency score and the frontier value of one (1) represents the magnitude of the technical inefficiency of the
company in question for that year.
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Equation 2 includes information for time t and time t+1. We can also switch the periods in Equation 2 and
̂𝑖𝑡+1 (𝑥𝑖𝑡 , 𝑦𝑖𝑡 ). This set of two equations measures
calculate a second mixed period distance function denoted by 𝐷
the distance of the reference technology in period t+1 relative to time t. Historically, the estimation of Equations
1 and 2 has been done with an assumption of either constant returns to scale (CRS) or variable return to scale
(VRS) assumptions. While we investigate the static relationship between efficiency and executive compensation
considering both CRS and VRS assumptions, for our goal of investigating the deferential relationships between
executive compensation and different types of efficiencies and their cumulative growth, we deploy the CRS to
aid us with our estimation of the distance functions which we will use for our Malmquist Productivity Index.
Further, Grifell-Taje and Lovell (1995) indicate that the Malmquist Index typically underperforms in estimating
productivity index when the model specification is not CRS. One can model equations 1 and 2 from the
perspective of input minimization or output maximization. For our analysis, we employ input minimization
orientation.
The change in the Malmquist Total Factor Productivity Index (MPI) is calculated as the geometric mean of the
input-based Malmquist Production Indices for period’s t and t+1 is presented in Equation 3.
𝑀𝑃𝐼(𝑦

𝑡+1

,𝑥

𝑡+1

𝑡

,𝑦 ,𝑥

𝑡)

1⁄
2

𝐷 𝑡 (𝑦 𝑡+1 , 𝑥 𝑡+1 ) 𝐷 𝑡+1 (𝑦 𝑡+1 , 𝑥 𝑡+1 )
= [
𝑋
]
𝐷 𝑡 (𝑦 𝑡 , 𝑥 𝑡 )
𝐷 𝑡+1 (𝑦 𝑡 , 𝑥 𝑡 )
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The MPI specifically measures the productivity changes along with time variations. As shown in Figure 2, this
index can be decomposed into efficiency change, also known as “catch up effect” (EFFCH) and technical change
between the two periods, respectively (TECHCH).
Equation 4 split Equation 3 into two categories described above.
1⁄

2
𝐷 𝑡+1 (𝑥 𝑡+1 , 𝑦 𝑡+1 )
𝐷 𝑡 (𝑦 𝑡+1 , 𝑥 𝑡+1 )
𝐷 𝑡 (𝑦 𝑡 , 𝑥 𝑡 )
(4)
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]
[
𝑋
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𝑡
𝑡
𝑡
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𝑡+1
𝑡+1
𝑡+1
𝑡
𝑡
𝐷 (𝑥 , 𝑦 )
𝐷 (𝑦 , 𝑥 ) 𝐷 (𝑦 , 𝑥 )
The first part of the equation measures the technical efficiency change and the second argument measures the
pure technical change between periods. The pure technical change essentially measures the shift in the reference
frontier, whereas the efficiency change measures “catch up” in technical efficiency, i.e. it measures how much
closer or further away an apparel firm gets from the firms in the industry with best practice with regards to
financial efficiency.
𝑡+1

𝑡+1

𝑡

𝑡)

Figure 2. Malmquist Productivity Index Growth Breakdown
As indicated in Figure 2 technical efficiency change can be further subdivided into two parts (Lee, Leem, Lee, &
Lee, 2011) including a scale efficiency change (SECH) and a pure efficiency change (PECH). These measures
are represented by equations 5 and 6, respectively.
1⁄
2
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𝑡 (𝑥 𝑡 , 𝑦 𝑡 )
𝐷𝑐𝑟𝑠
𝐷𝑐𝑟𝑠
𝑡+1 (𝑥 𝑡+1 𝑡+1 )
𝐷𝑣𝑟𝑠
,𝑦
𝑃𝐸𝐶𝐻 =
𝑡
𝑡
𝐷𝑐𝑟𝑠 (𝑥 , 𝑦 𝑡 )

The MPI enables us to compare the productivity change within an industry as well as the productivity changes
within each decision-making unit in the industry. Thus, it provides us with the ability to investigate catch up and
retrogressions. In interpreting the MPI, all scores higher than one, equal to one, and less than one represents
efficiency improvements, no change in efficiency, and deterioration of efficiency, respectively.
3.4 Data
The data for this study is from Bloomberg’s firm-level data. This study focuses on a balanced panel of 21
publicly traded US apparel stores from 2004 to 2015. Appendix A provides the list of firms. The sample was
largely determined by the availability of the data of input and output variables needed for efficiency estimation.
The final sample consists of 252 firm-year observations.
3.4.1 Efficiency Scores Estimation
For this study, we specifically focus on the efficiency of the financial inputs in the operations of the apparel store
industry’s internal operational process. Our analysis focuses only on financial efficiency, and as such our input
and output variables are all financial variables.
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Figure 3. Schematic View of our Input and Output Analysis
Note. Firm’s input variables appear on the left (red) and output parameters appear on the right (green),
respectively.
As presented in Figure 3, our input variables include liquidity ratios such as current ratio (CR) and quick ratio
(QR), and activity ratios including inventory turnover ratio (ITR), capital intensity ratio (CIR), accounts
receivable turnover ratio (ARTR), and inventory-to-current assets ratio (ICAR) (Note 2). Our output variables
are mainly operational profitability measures including return on equity (ROE) which measures amount of
profits firm generates with shareholders investments, return on assets (ROA) which measures asset use efficiency,
return on current assets (RCA) measures firm’s efficiency in the use of their current assets to generate profits,
operating margin (OM) measures the effectiveness of a firm’s pricing strategy and operarational efficiency, and
profit margin (PM) measures the firm’s effiieincy in keeping their overall costs down, basically measuring the
firm’s ability to convert revenues into overall profit. The schematic summary of how the inputs relate to the
output is presented in Figure 3. The results of our estimation scores are presented in section 4.
3.4.2 Modelling the Relationship between Financial Efficiency and Executive Compensation
For our second stage, we analyze the relationship between CEO pay and financial efficiency of the 21 publicly
traded US apparel stores as presented in Equation 7.
ln(Payit ) = αi + β1 EFFigt + βit Xiht + εit
(7)
where Payit is firm i’s CEO compensation at time t, and αi is the time-invariant unobservable firm-specific
effects, such as firm-specific culture amongst others. EFFigt denotes firm i’s type g efficiency score at time t,
Xiht denotes type h control variable for firm i at time t, and εit is the time varying error term.
We employ the natural log of the overall annual CEO compensation as our dependent variable. Our variables of
interest are the firm level financial efficiency scores (EFFigt, both static and dynamic specifications) as described
in the previous section. Our static efficiency scores are the annual efficiency levels computed using both CRS
(EFFi,CRS,t ) and VRS (EFFi,VRS,t ) assumptions. Our dynamic efficiency scores are the annual changes in firm’s
total factor productivity (EFFi,TFP,t ) cumulated from the start of sample period (2004) to the year t. We
decompose this total factor productivity change score into technical efficiency change (EFFi,EFFCH,t ) and
technological change (EFFi,TECHCH,t ). The technical efficiency change can further be decomposed into pure
efficiency change (EFFi,PECH,t ) and scale efficiency change (EFFi,SECH,t ). The cumulative dynamic efficiency
scores are computed as follows:
t

CEFFigt = ( ∏ (1 + EFFigt )) − 1,
τ=2004

where CEFFigt is the cumulative dynamic efficiency scores, EFFigt is the year-to-year changes in dynamic
efficiency scores, and g = {TFP, EFFCH, TECHCH, PECH, SECH} denotes the individual efficiency categories.
We follow existing literature to select the most regularly used control variables which in our case includes firm
size, CEO tenure, market performance, and firm-level risk. Following previous studies such as Bloom and
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Milkovich (1998) amongst others, we use the log of total assets (TA) as the proxy for firm size. Several previous
studies have indicated that firm size is one of the most critical determinants of executive compensation (e.g.
Finkelstein & Hambrick, 1989; Paul & Sahni, 2017); we, therefore, expect a positive and significant relationship
between firm size and CEO pay. For robustness check purposes, we rerun our models using the log of the
number of employees as a measurement of firm size. CEO tenure, a proxy for work experience, is measured as
the number of years the CEO has held the position with a company and is computed as the difference between
the date of becoming CEO and July 1st of each firm-year. To test for non-linearity in the impact of tenure on
compensation, we include tenure-squared. Some previous studies have argued that CEO tenure can serve as a
proxy for CEO power, because longevity at post may lead to control over company board which may translate
into entrenchment (Finkelstein & Hambrick, 1989; Berrone & Gomez-Mejia, 2009). However, CEO pay may
increase with tenure for other reasons including the fact that the CEO gains valuable experience while on the job
and may be compensated for that incremental gain in knowledge.
Several prior studies investigating determinants of CEO compensation including Shaw and Zhang (2010) have
used stock market return as their proxy for firm performance. Since our efficiency analysis only focuses on
internal operational efficiency, we didn’t include any market measures of performance in our efficiency
estimation. We, therefore, find it apropos to include measures of market performance as a control variable in our
explanation of CEO compensation. As such, we include one-year and two-year firm stock price returns as control
variables. Our one-year and two-year returns are computed from Bloomberg yearly price files. We thus calculate
our one-year return as R t1 = (Pt ⁄Pt−1 ) − 1, and our two-year return as R t2 = (Pt ⁄Pt−2 ) − 1. Some previous
studies have analyzed the effect of firm-risk on CEO compensation, for example from their natural experiment
Gormley, Matsa, and Milbourn (2013) argues that boards respond quickly to changes in their firms’ business risk
by adjusting the structure of CEOs’ compensation, but that the changes only slowly impact the overall portfolio
incentives CEOs face. We control for firm-level risk by including idiosyncratic risk to our model which we
calculate as the average annual variance of monthly returns computed over the previous 60 months (5 years).
Variance is the squared error term obtained from the Carhart four-factor model. Lastly, recall that we were
unable to include leverage measures in our efficiency estimations, however, since leverage is an essential
component of the firm financing process, we chose to include long-term debt ratio (long-term debt/total assets)
as a proxy for leverage in our CEO compensation model.
Table 1 presents the summary statistics for the analysis variables used in this study, including mean and median
values. The absolute difference between the mean and median values generally indicates the skewness of a
variable. For all our study variables, this difference is always less than one standard deviation (𝜎), and ranges
between 0.01 × 𝜎 (for Operating Margin) and 0.54 × 𝜎 (for Long-term debt). Therefore, one can safely
assume that the distributions of the variables are fairly symmetrical.
Table 1. Variable Description and Summary Statistics
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Next, in order to check for the correlations between our input and output variables, we run pairwise correlations
for our variables, results of which are presented in Table 2.
Table 2. Correlation matrix

Note. P-values in parentheses (* 𝑝 < 0.10, ** 𝑝 < 0.05, *** 𝑝 < 0.01)
From Table 2, we can conclude that our output variables are very highly correlated, but not with the input
variables. In the case of the correlation between our input variables, however, we have a mixed bag of outcomes.
While we find a high positive correlation between current ratio and quick ratio, we also find a high negative
correlation between inventory-to-current assets ratio and each of the following ratios: quick ratio and inventory
turnover ratio.
4. Empirical Results
4.1 Productivity and Efficiency of the US Apparel Stores Industry
In our first stage analysis, we calculate DEA type annual efficiency scores for our 21 firms. We find that six out
of the 21 firms including ARO Liquidation Inc., TJX Cos Inc., Bebe Stores Inc., Buckle Inc., Pacific Sunwear of
California Inc., and Stein Mart Inc., were the only firms that were on the efficiency frontier at the beginning of
our study period.
Next, we turn our attention to the results of the total factor productivity (TFP) estimation. Here, we must recall
that the TFP can be broken down into technological change (TECHCH) and technical efficiency change
(EFFCH). And, the technical efficiency change (EFFCH) can further be decomposed into scale efficiency change
(SECH) and pure efficiency change (PECH). We find that for the period under consideration publicly traded US
apparel stores experienced a 1.03% decline in TFP, 3.39% improvement in EFFCH (“catch-up” effect), 4.20%
decline in TECHCH, 3.75% improvement in PECH and a 0.37% decline in SECH. This result is indicative of
the fact that the overall decrease in the total factor productivity of these firms for the period under investigation
can be largely attributed to the technological change drop. The top 5 highest average total productivity gains
were experienced by Foot Locker Inc. (15.03%), Carter’s Inc. (9.24%), Ross Stores Inc. (9.11%), Destination XL
Group Inc. (8.06%), and Ann Inc. (4.50%). Conversely, the lowest five total factor productivity firms are Bebe
Stores Inc. (-31.56%), Pacific Sunwear of California Inc. (-10.87%), Stein Mart Inc. (-9.35%), Buckle Inc.
(-8.96%), and Abercrombie & Fitch Co. (-7.21%). About technical efficiency change, Foot Locker Inc. recorded
the highest average growth (18.89%), whereas L Brands Inc. (3.86%) recorded the highest average technological
change. Regarding pure efficiency change and scale efficiency change, Foot Locker Inc. (17.85%), and
American Eagle Outfitters Inc. (1.34%) recorded the highest average growth rates respectively. The worst
performing firms in each category include Pacific Sunwear of California Inc. (-8.30%) for EFFCH, Bebe Stores
Inc. (-31.56%) for TECHCH, Abercrombie & Fitch Co. (-6.90%) for PECH and Pacific Sunwear of California
Inc. (-3.82%) for SECH. The summary statistics of our efficiency estimates are presented in Table 3.
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Table 3. Efficiency Scores Estimates Summary Statistics

To analyze how firms have performed over time in comparison to the beginning of our study period in terms of
total factor productivity, we combine our DEA type CRS productivity score for each firm in 2004 with the
cumulative efficiency growth in TFP for the period under consideration from which we created the 2x2 matrix
(see Figure 4).

Figure 4. Comparative Efficiency Performance of firms in the sample (2004-2015)
Note. The row delineates efficient firms in 2004 from non-efficient firms, whereas, the columns separate higher
than average cumulative growth firms from their lower than average growth compatriots.
The rows of Figure 4 differentiate between efficient and inefficient firms in 2004, whereas the columns measure
whether a firm recorded more than sample average cumulative TFP growth for the 2004-2015 period. Thus, the
firms in the upper left portion of the matrix are the ones who were efficient in 2004 and recorded a cumulative
growth rate that is higher than the average for sample firms for the period under consideration. We label these
firms “trendsetters.” We label the firms the top right portion of the matrix “falling stars.” These firms are the
ones that were efficient in 2004 but experienced below average cumulative efficiency growth for the study
period. Located in the bottom left of the matrix are firms who were inefficient in 2004 but has recorded higher
than average cumulative growth rates in efficiency during our study period. We have labeled these firms
“shooting stars.” Conversely, firms located in the bottom right of our matrix which we label “the strugglers” are
firms who were inefficient at the beginning of our study period and recorded less than average cumulative
growth rates.
4.2 CEO Compensation and Efficiency
4.2.1 CEO Compensation Base Case
We model CEO compensation with a pooled cross-sectional regression with year fixed-effects. Our main focus is
to examine how efficiency (and cumulative changes in efficiency) impacts CEO compensation while controlling
for firm size, firm stock price returns, CEO tenure, and idiosyncratic risk. Our main results are presented in
Tables 4 and 5. Table 4 presents our estimation models without correcting for leverage, whereas Table 5
corrects for the impact of financial leverage on executive compensation, by employing total debt ratio as the
leverage proxy.
Model 1 in Tables 4 and 5 presents our base models without firm efficiency. As such they control for frequently
used variables in existing literature to explain executive compensation such as firm size, stock market return,
executive tenure, and risks. Jensen (1986) and Williamson (1988) postulate that debt may indicate the need for
additional monitoring, thus, further complicating the duties of the CEO and as such deserving additional
compensation. However, interestingly we find a negative but insignificant relationship between leverage and
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CEO compensation, a result which is similar to Bryan, Hwang, Klein, and Lilien (2000). Even though we find
positive relationships between our stock returns proxies and CEO compensation, and between idiosyncratic risk
and CEO compensation, we find that these variables do not have a significant impact on the determination of the
compensation that CEOs of US apparel firms receive. The coefficient for tenure is positive and significant in all
model specifications. We find between 2.08% (Table 5) and 3.25% (Table 4) increase in CEO compensation for
every additional year spent in the job. This finding indicates that the firms reward longer serving executives with
higher pay than newer CEOs (Gibbons & Murphy, 1992; Paul & Sahni, 2017). Alternatively, some scholars (e.g.
Hermalin & Weisbach, 1998) argue that the CEO’s influence over board members increases with tenure and may
lead to “self-dealing.”
Table 4. Total Compensation and Efficiency

Note. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Controls include the natural logarithm of
total assets [ln(ta)], one-year stock returns [1yrret], two-year stock returns [2yrret], idiosyncratic risk [idiorisk],
and CEO tenure [tenure] and its squared term [tenure2].
We now turn our attention to our primary variable of interest - firm financial efficiency. In Table 4, we find that
annual efficiency levels (CRS and VRS) are positive and significant. Specifically, we find that a one percent
increase in efficiency scores translates to about 1.72% (Model 2) and 2.11% (Model 3) increase in CEO
compensation. In comparison, Paul and Sahni (2017) document that a one percent increase in return on assets is
associated with about 0.71% increase in CEO pay. Model 2 is used for expository purposes. For the CEO with
the sample mean annual pay ($6.997 million), a one percent increase in CRS efficiency is associated with about
$120 000 increase in CEO pay.
We also find that the cumulative total factor productivity (TFP) is positive and significant, indicating that a one
percent increase in TFP translates to about 0.88% improvement in CEO compensation. Further, we find that a
sizable impact of TFP stems from the cumulative technological change (TECHCH). Cumulative technical
efficiency change (EFFCH) is not significant. Interestingly though when we disaggregate EFFCH into pure
efficiency change (PECH) (“catch up effect”) and scale efficiency change (SECH), we find a significantly
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positive relationship between SECH and CEO compensation. A one percent increase in SECH translates to
between 5.04% (Model 6) and 6.31% (Model 7) increase in CEO pay.
Table 5. Total Compensation, Efficiency and Leverage

Note. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Controls include the natural logarithm of
total assets [ln(ta)], one-year stock returns [1yrret], two-year stock returns [2yrret], idiosyncratic risk [idiorisk],
total debt-to-total assets [tdebt], and CEO tenure [tenure] and its squared term [tenure2].
Together, our results suggest that efficiency (profitability controlling for inputs) is a strong determinant of CEO
pay indicating that a significant managerial talent is involved in efficiency improvements. All of our results hold
after controlling for leverage (see Table 5).
4.2.2 CEO Compensation Robustness Check
Previous studies have sometimes used stock market capitalization, sales, net assets, and number of employees to
proxy for firm size. Thus, one must consider whether the relationship between CEO compensation and efficiency
is sensitive to the choice of firm size proxy. While the three accounting measures (market capitalization, sales,
and net assets) are similar in spirit to total assets and captures the size effect that correlates with the firm’s
physical capital, number of employees captures size effect that reflects the firm’s human capital. For robustness,
we use number of employees. The reason for this is as follows: apparel industry, in general, is labor-intensive.
Specifically, our sample of firms has an average employee strength well over 20 000, with a range of 1000 to
216 000 (Table 1). Table 6 replicates Table 4 with the number of employees as the firm size proxy.
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Table 6. Total Compensation and Robustness

Note. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Controls include the natural logarithm of
number of employees [ln(nemp)], one-year stock returns [1yrret], two-year stock returns [2yrret], idiosyncratic
risk [idiorisk], and CEO tenure [tenure] and its squared term [tenure2].
Table 7 replicates Table 5 with the number of employees as the firm size proxy. In this table, leverage proxied by
total debt ratio is used as an additional control variable.
In both tables (Tables 6 and 7), we find the strengthening of the original relationship between efficiency and
CEO pay. Model 2 is used for expository purposes. For the CEO with the sample mean annual pay ($6.997
million), a one percent increase in CRS efficiency is associated with about $175 000 increase in CEO pay. In
comparison, the same model specification in Table 4 yielded about $120 000 increase in CEO pay. The most
parsimonious explanation for this result may be that the explanatory power of total assets on CEO pay is
absolute, limiting the influence of other pay characteristics. As a consequence, removing total assets from model
specifications may play an active role in enhancing the relative importance of different variables – in our case,
the efficiency scores. Here, we can also note the relative importance of firm size proxies (book value of assets
and number of employees) in explaining CEO pay. The size effect, proxied by the number of employees in Table
6 (Coefficient: 0.2661), on CEO pay is approximately half the size effect of total assets reported in Table 4
(Coefficient: 0.5660), yet highly significant.
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Table 7. Total Compensation and Robustness (with Leverage)

Note. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Controls include the natural logarithm of
number of employees [ln(nemp)], one-year stock returns [1yrret], two-year stock returns [2yrret], idiosyncratic
risk [idiorisk], total debt-to-total assets [tdebt], and CEO tenure [tenure] and its squared term [tenure2].
Some may argue that the efficiency improvements either precedes or is contemporaneous with increases in CEO
pay, not instantaneous. To check this, we estimated the models presented in Tables 4-7 replacing the efficiency
scores with their lag values and find very similar results (see Appendix B). Our results are also robust to alternate
specifications of leverage – long-term debt ratio (not reported).
Lastly, certain CEO characteristics (other than tenure) may also play a role in the design of compensation
contracts, the chief of them being the CEO gender. The gender of the CEO may play a crucial role in our study.
In our sample, 8 out of 51 CEOs (15.7%) were women, half of them were amongst the top five earners in the
year 2015. In contrast, the proportion of female CEOs in the S&P 1500 firms has been lingering around 3% since
the early 1990’s, never going up higher than 5% (Paul & Sahni, 2010). Other Scholars (e.g. Smith, Smith, &
Verner, 2011; Borrenbergs, Vieira, & Georgakopoulos, 2017) have reported similar proportions of female CEOs
in other countries. We, therefore, re-run our pay models after including a dummy that represents female CEOs
and find almost identical results (not reported).
5. Conclusions
The objective of this study was to investigate the casual relationship between static and dynamic financial
efficiency of US apparel firms and CEO compensation. Our results indicate that there is a strong positive
relationship between how efficient the firm is run and CEO compensation levels. Specifically, we find annual
financial efficiency (CRS and VRS) and the total factor productivity changes are positive and significant to
current year CEO compensation. Furthermore, we find that different aspects of efficiency have different impacts
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on CEO compensation – the largest pay impact arising from changes in scale efficiency. Our pay results are
robust to alternate definitions of firm size and leverage, contemporaneous efficiency effects, and the inclusion of
CEO gender as a control variable. Our results are largely consistent with the efficient contracting explanation
and the pay-for-efficiency paradigm. We also identify our limitations: (i) our sample belongs to one industry –
apparel; and (ii) we do not address the differential impact of firm financial efficiency on different pay
components – cash (salary and bonus), incentive packages (short-term and long-term), and other stock-based
compensation. More interesting would be the impact of efficiency on the CEO’s consumption of perquisites.
Future research may address these limitations.
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Notes
Note 1. CRS assumes output changes are in proportion to input changes (e.g. doubling inputs leads to doubling
output). On the other hand, VRS assumes that the production technology may exhibit increasing or decreasing
returns to scale.
Note 2. The inclusion of leverage ratios in the first stage (efficiency estimation stage) made our models unstable.
Thus, we accounted for leverage in the second stage (CEO pay model).
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Sample of firms included in this study.
Table A1. Company List
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Appendix B
Robustness Checks: The relationship between CEO Pay and Lag Efficiency Scores.
Table B1. Total Compensation and Lag Efficiency

Note. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Controls include the natural logarithm of
total assets [ln(at)], one-year stock returns [1yrret], two-year stock returns [2yrret], idiosyncratic risk [idiorisk],
total debt-to-total assets [tdebt], and CEO tenure [tenure] and its squared term [tenure2].
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Table B2. Total Compensation, Lag Efficiency and Leverage

Note. Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Controls include the natural logarithm of
number of employees [ln(nemp)], one-year stock returns [1yrret], two-year stock returns [2yrret], idiosyncratic
risk [idiorisk], total debt-to-total assets [tdebt], and CEO tenure [tenure] and its squared term [tenure2].
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