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Using a panel of 1122 UK firms listed on the London Stock Exchange over the period of 1981 
to 2009, endogenous switching regression models (SRM) incorporating a predicted corporate 
efficiency index are estimated in this paper in an effort to clarify the role of cash flow in 
examining the impact of capital-market imperfections. It is revealed that a firm’s constrained 
credit status changes with the improvement of its efficiency. The results further reveal that 
financially constrained firm’s investment is comparatively more sensitive to cash flow, but this 
sensitivity is negatively and significantly related with corporate efficiency. These results point 
to the fact that high investment sensitivity to cash flow may not be solely driven by 
measurement error in investment opportunity, but may still be interpreted as a consequence 
of imperfect substitutability between internal and external financing arising from the capital 
market imperfections. 
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1. Introduction

Informational asymmetries and related problems, i.e., imperfect information about the

quality or riskiness of the borrowers’ investment projects, incentive problems and costly

monitoring of managerial actions lead to an imperfect substitutability between external

and internal funds and makes the Modigliani and Miller (1958) irrelevance theorem invalid.

Bernanke and Gertler (1989), Calomiris and Hubbard (1990), Gertler (1992), Kiyotaki and

Moore (1997), Greenwald and Stiglitz (1993) and Schiantarelli (1996) discuss a variety of

methodological issues and provide econometric evidence on the consequences of these prob-

lems on the investment behavior of firms. These models emphasize the costs of adverse

selection and moral hazard in generating frictions in the capital markets. The conclusions

drawn in these literatures are twofold. Firstly, the effective cost of external financing be-

comes higher than that of the internal finance unless the loans are fully collateralized and

secondly, the premium on such external financing is inversely related to a firm’s net worth.

The underlying reason for this inverse relationship is that the potential conflict of interests

between borrowers and suppliers of external funds is greater when borrowers do not have

sufficient funds to contribute to project financing and whenever there occurs a negative shock

to a firm’s net worth, these conflicts deteriorate further. Therefore, lenders must be com-

pensated with a premium for the risk that borrowers may either misrepresent the quality

of a given investment project or behave in a manner that expropriates value from lenders.

In general, such risk premium increases with the severity of information asymmetries or

difficulty in mitigating the opportunistic behavior (Gilchrist and Zakrajsek, 1995). With a

higher premium and hurdled access to external financing this compels firms to rely more on

internal financing sources and results in higher sensitivity of investment to their availability.

Hubbard (1998) presents an excellent graphical illustration of these arguments.

The debate on whether this high sensitivity of investment to internal financing can be

interpreted as an indicator of financial constraints started with Fazzari, Hubbard, Petersen,

Blinder, and Poterba (1988) and Kaplan and Zingales (1997) who hold completely different

views in terms of classifying firms as financially constrained or not and also their investment

responsiveness to cash flow. Fazzari et al. (1988) propose the monotonicity hypothesis ac-

cording to which the sensitivity of investment to cash flow should increase with the severity
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of market imperfection. In contrast, Kaplan and Zingales (1997) report that the sensitivity

of investment to cash flows is non-monotonic with respect to financial constraints. More

recently, Moyen (2004) argues that it is hard to identify firms with financial constraints and

finds evidence in support of both Fazzari et al. (1988) and Kaplan and Zingales (1997) using

two different unconstrained and constrained firm models. Cleary, Povel, and Raith (2007)

try to explain this contrasting behavior by showing that the relationship between the firm’s

internal funds and investment is not monotonic, but U-shaped. Lyandres (2007) comple-

ments this U-shaped relationship by examining the effects of costly external financing on the

optimal timing of a firm’s investment and Guariglia (2008) finds varying investment cash

flow sensitivity for internally and externally financial constrained firms. Therefore, it is quite

evident from the literature that investment cash flow sensitivity critically depends on the

classification criteria or procedure used and this has been considered as one of the reasons

for the conflicting findings in the existing literature. A vast number of literatures follow

this debate and the controversy is yet to be resolved. Schiantarelli (1996), Hubbard (1998),

Lensink, Bo, and Sterken (2001), Bond and Van Reenen (2007) provide ample support for

this implication.

For more than two decades, this debate over the role of cash flow in an investment

equation has been centered mainly on two crucial points. The first of them stems from the

difficulty in controlling for the investment opportunities of a firm. Most studies use average

Q under the assumption of constant returns to scale and perfectly competitive product and

factor markets following Hayashi (1982) and adding cash flow to the model, they interpret

residual sensitivity of investment to cash flow as evidence of financing constraints (Fazzari

et al., 1988, Oliner and Rudebusch, 1992, Devereux and Schiantarelli, 1990, Hoshi, Kashyap,

and Scharfstein, 1991, Schaller, 1993, Audretsch and Elston, 2002, Bond, Elston, Mairesse,

and Mulkay, 2003, Chirinko and Schaller, 1996). On the contrary, Gilchrist and Himmelberg

(1995), Erickson and Whited (2000, 2002), Cummins, Hassett, and Oliner (2006) show that

because of difficulty in measuring marginal investment opportunities, cash flow may also

convey information about investment opportunities which is not reflected in the estimated Q.

In such cases, the observed cross-sectional variations in investment-cash flow sensitivity may

simply be due to variations in Q measurement error and fails to provide convincing proof for
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the existence of capital market imperfections. Moreover, the firms facing severer information

asymmetry related problems are likely to be more severely affected by the measurement

problem in Q as that incorporates firm market value. These firms are also the ones which

are most likely to be financially constrained and if they are a priori classified as such, higher

estimated coefficients of cash flow in investment regressions is expected for them.

Such prior classification of firms into constrained and unconstrained groups is the other

crucial point behind the controversial investment cash flow sensitivity issue. Following Faz-

zari et al. (1988), many subsequent studies have classified firms a priori as financially con-

strained on the basis of a single and in some cases two quantitative or qualitative indicators

and the predictive power of cash flow is shown to be much higher for such firms. The major

concern in this technique is the endogenous selection problem as the classification criteria

can be correlated with the level of investment or with the firm-specific and time invari-

ant component of the error term and also with the idiosyncratic component (Hausman and

Wise, 1977). The estimation results thus can be highly sensitive to the classification crite-

ria and threshold value chosen for the sample split and all these are likely to cause static

misclassification. There are potential problems of dynamic misspecification as well as the

exogenously classified firms that are kept in the same regime over the whole sample period

discarding the possibility that financial constraint status of a firm may change over time.

This will especially be the case when the extent of capital market imperfections depends on

the general macroeconomic environment and becomes more important when the time period

under consideration lengthens. Hence, although it is possible to identify firms that may be

financially constrained, it is quite often impossible to identify the years during which they

remain constrained. This makes it almost impossible to differentiate between firm-specific

effects on investment and the effects of financing constraints (Kaplan and Zingales, 1997). To

tackle the problems mentioned above, we attempt to combine and make use of the following

remedial measures in this paper.

Firstly, we concentrate on the changing pattern of investment-cash flow sensitivities with

a variable measuring the extent of such imperfection based on the idea that investment-cash

flow sensitivity should change with capital market imperfection if it is at all linked with these

imperfections. For this, we use the stochastic frontier approach to compute an estimate of
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the corporate efficiency of a firm as an inverse proxy of agency costs by comparing a firm’s

actual Tobin’s Q with its best performing benchmark Q following Habib and Ljungqvist

(2005) and Nguyen and Swanson (2009).1 We anticipate that the effect of this efficiency

on the cash flow sensitivities of investment will be dissimilar between firms with different

degrees of financial constraints. More importantly, efficiency can in fact affect the credit

status of the firms as a financially constrained firm may become unconstrained with the

improvement of its efficiency and a non monotonic effect of corporate efficiency on cash flow

sensitivities may be established.

Secondly, we try to endogenously classify firms according to their financial constraint

status and allow switching between them to avoid the static and dynamic misclassification

problems and in line with our prediction that corporate efficiency can simultaneously affect

a firm’s financial constraint status and investment cash flow sensitivity. In order to do that,

we rely on an endogenous switching regression framework with unknown sample separation

which is capable of incorporating the effects of efficiency on cash flow sensitivities and on

the constraint status of the firms simultaneously. This model allows determination of firms’

probability of facing constrained or unconstrained access to credit as well. Hu and Schi-

antarelli (1998), Hovakimian and Titman (2006), Almeida and Campello (2007) use such

models in their attempt to address the problems in testing for financial constraints.

This paper provides a distinctive complement to the existing literature by introducing

corporate efficiency in the investment equation in another attempt to clarify the role of cash

flow. Despite the existing concerns over the role of cash flow, we argue that investment-

cash flow sensitivities can be used to gauge the effects of financing frictions on investment by

trying to resolve the issue of possible biases arising from unobservable variation in investment

opportunities. Further to this, the expected non monotonic effect of corporate efficiency on

cash flow sensitivities may provide a different resolution to the highly debated Fazzari et al.

(1988) and Kaplan and Zingales (1997) issues. Another interesting feature of this study is

1A more detailed explanation and discussion of the properties of this predicted efficiency measure can be

found in chapter 2 of Quader (2013). Here, we use the market value efficiency measure calculated from the

final model 2 of table 2.2 (p. 51) of the thesis.
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its contribution to the debate with a focus on the UK rather than the US. To the best of

our knowledge, a switching regression model has not been used in any of the UK studies

involving financial constraints and investment.

Using an unbalanced panel data on 1122 UK firms listed on the London Stock Exchange

during the period 1981 to 2009, we estimate a number of endogenous switching regression

models incorporating our predicted corporate efficiency from the stochastic frontier analysis

along with other variables used in contemporary literatures. Our different model specifi-

cations strive to confront the major challenges in examining the effects of capital-market

imperfections on investment decisions of individual firms and will mainly concentrate on

inspecting the following:

1. whether, and how, efficiency affects the likelihood of being financially constrained or

unconstrained;

2. whether investment-cash flow sensitivity is increasing or decreasing with efficiency; and

3. whether the effect of efficiency on cash flow sensitivities is monotonic or non-monotonic.

This paper is structured into different sections as follows. Section 2 is a literature survey,

section 3 describes the methodology, section 4 brings model specification and description

of the variables, section 5 introduces data and descriptive statistics, section 6 presents the

empirical results and analysis and finally section 7 concludes the paper.

2. Literature review

The controversial role of cash flow in an investment equation remains the main focal

point in many of the past and recent literatures on financial constraints and investment. On

the whole, the literature on this field of study can be divided into following three themes.

2.1. Classification of firms into financially more or less constrained groups

The seminal paper by Fazzari et al. (1988) use US firm-level data to inspect the differences

in the sensitivity of investment to cash flow across groups of firms divided according to the

degree of financial constraints. They classify low-dividend paying firms as more likely to

face financial constraints and the investment level of such firms are found to be relatively
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more affected by the availability of cash flow in comparison with the high-dividend paying

unconstrained firms and thus provide useful evidence in favor of the existence of financial

constraints under capital market imperfections. The higher sensitivity of investment to cash

flow for financially constrained firms has been scrutinized by a number of papers including

Kaplan and Zingales (1997). Using information contained in the firms’ annual reports and

managements’ statements on internal liquidity, they classify firms without access to more

funds than needed as financially constrained and their investment is likely to be less sensitive

to cash flow. This conflicting finding with Fazzari et al. (1988) recommends that higher

sensitivities of investment to cash flow may not be sufficiently used as evidence that firms

are more financially constrained. The Kaplan and Zingales (1997) classification scheme has

been criticised later by Fazzari, Hubbard, and Petersen (2000) in terms of both classification

method and degree of financial constraints. Kaplan and Zingales (2000) later claim that

the comparative static analysis of Fazzari et al. (2000) are in fact supportive of their earlier

conclusions and the criticisms regarding their classification scheme and empirical results are

unjustified. Allayannis and Mozumdar (2004) also doubted that the results in Kaplan and

Zingales (1997) are mainly caused by the presence of financially distressed firms or outliers

in their sample. Most recently, Bond and Söderbom (2013) show that the non-monotonic

investment cash flow sensitivity highlighted by Kaplan and Zingales (1997) has little relevance

for evaluating this line of research.

The opinions therefore are divided into two subsets and have been supported by their

proponents. The deviation arises mainly because of the different ways they use to measure

financial constraints, namely external and internal financial constraints (Guariglia, 2008).

Proponents of Fazzari et al. (1988) use proxies to measure the extent of external financial

constraints faced by the firms. For example, Devereux and Schiantarelli (1990), Gertler and

Gilchrist (1994), Oliner and Rudebusch (1992), Kadapakkam, Kumar, and Riddick (1998)

and Shin and Kim (2002) use size, age and pattern of insider trading, Hoshi et al. (1991)

and Shin and Park (1999) use degree of industrial and bank affiliation, Bond and Meghir

(1994) use dividend payout ratio. Alternatively Calomiris, Himmelberg, and Wachtel (1995)

use credit rating, Whited (1992) use bond rating, and Schaller (1993) adopt the degree of

shareholding concentration. On the other hand, indicators related to the level of internal
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financial constraints faced by the firm have been adopted by the studies supporting Kaplan

and Zingales (1997) view. Cleary (1999) constructs an index of firm’s financial strength

using a number of variables indicating the extent of the internal liquidity of a firm (e.g. the

current ratio, financial slack, net income margin, sales growth, debt ratio). Lamont, Polk,

and Sa-Requejo (2001) also calculate a multivariate index by weighting five similar variables.

Using varying combinations, some other classification indexes of financial constraints have

also been developed. The appealing examples of these include the WW index of Whited and

Wu (2006), the synthetic index of Musso and Schiavo (2008) and the SA index proposed

by Hadlock and Pierce (2010). Aggarwal and Zong (2006) adopt discriminant analysis to

estimate a beginning-of-period financial constraint index using the variables used by Cleary

(1999) and use that index to classify firms of the four largest industrialized countries (US,

UK, Japan and Germany) into three financial constraint categories.

The single or multiple factor classifications applied with the investment regression ap-

proach may not successfully separate firms with different levels of investment-cash flow sen-

sitivity and create the static and dynamic misclassification problem as already discussed.

Hu and Schiantarelli (1998) first address the ex ante classification problem using endoge-

nous switching regression methods with unknown sample separation, where the probability

of being constrained or unconstrained is determined by a switching function of a vector

of firm specific and some other characteristics that proxy for the severity of informational

and agency problems. They interpret the varying effect of cash flow on investment across

the two groups of US manufacturing firms in terms of imperfect substitutability between

different sources of finance and their results provide strong evidence that such effects vary

with the severity of agency cost problems. Hovakimian and Titman (2006), Almeida and

Campello (2007), Adelegan and Ariyo (2008), Hobdari, Jones, and Mygind (2009) also apply

the switching regression technique for their financial constraints analysis.

2.2. Measurement error in investment opportunities

The main shortcoming of the Fazzari et al. (1988) methodology arises from the fact that

average Q may not be a very precise proxy for the shadow value of an additional unit of new

capital and the significance of cash flow may give biased results. Erickson and Whited (2000,
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2002) postulate that such biases induced by measurement error in Q can be substantial and

may be responsible for the estimated coefficients on Q being low and those on cash flow being

high. They attempt to tackle this problem by using a class of measurement error-consistent

GMM estimators that utilize the information in the higher order moments of the data. After

including the estimated error adjusted Q in their model, they find that cash flow turns out to

be statistically insignificant even for the financially constrained firms, but Q theory has good

explanatory power once the measurement error problem is controlled for. Gomes (2001) and

Alti (2003) also provide results against Fazzari et al. (1988) by saying that the significance

of cash flow can also occur in the absence of capital market frictions.

Another major blow to the findings of Fazzari et al. (1988) comes from Bond and Cum-

mins (2001), Bond, Klemm, Newton-Smith, Syed, and Vlieghe (2004), and Cummins et al.

(2006). They construct more accurate measures of the fundamentals which affect the ex-

pected returns on investment by using firm-specific earnings forecasts from securities analysts

and Cummins et al. (2006) name it “real Q”. Once expected profitability is controlled for

by using Institutional Brokers Estimate System (I/B/E/S) analysts’ earnings forecasts, the

correlation between investment spending and cash flow disappears in all subsamples of firms.

Gilchrist and Himmelberg (1995) estimate a set of VAR (vector auto regression) forecast-

ing equations including cash flow as one of the observable fundamentals to construct the

expected value of marginal Q conditional on observed fundamentals and they term it as

“Fundamental Q”. However, they find that investment still responds to cash flow even af-

ter controlling for its role as a forecasting variable for future investment opportunities and

suggest that the excess sensitivity of investment to cash flow is not spuriously generated by

cash flow’s ability to predict future investment opportunities.

Another way to address the measurement error issue is to estimate the Euler equation for

the capital stock by avoiding the reliance on Q to measure expected profitability. The goal of

this estimation is that the standard Euler equation derived under the assumption of perfect

capital markets should be misspecified for the a priori classified financially constrained firms,

but not for the unconstrained ones. Whited (1992), Hubbard, Kashyap, and Whited (1995)

and Ng and Schaller (1996) estimate the standard Euler equation and an Euler equation

augmented with financial variables for various categories of firms using US data and Bond
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and Meghir (1994) estimate the same using UK data. Their results support that the standard

Euler equation generally holds only for firms less likely to face financial constraints. The

problem in this estimation technique is that it may not be able to detect the presence of

financial constraints if the severity of such constraints remains roughly constant over time.

Bond et al. (2003) employ both an error correction model and an Euler-equation specifica-

tion for estimating their investment equations using panel data sets for manufacturing firms

in four European countries, Belgium, France, Germany, and the United Kingdom, covering

the period 1978-1989 to investigate the role played by financial factors in each country. They

find that financial variables like cash flow and profit terms appear to be both statistically

and quantitatively more significant in the UK and its financial system performs less well in

channeling investment funds to firms with profitable investment opportunities compared to

the other three continental European countries. This is consistent with the suggestion that

financial constraints on investment may be more severe in the relatively market-oriented UK

financial system.

2.3. Alternative ways to verify the performance of the cash flow sensitivity of investment

Agca and Mozumdar (2008) emphasize that if investment-cash flow sensitivity is linked

with capital market imperfections, then it should decrease with factors that reduce these

imperfections. Applying Erickson-Whited error correction estimations to US manufactur-

ing firm data, they find that investment-cash flow sensitivity of these firms decreases with

increasing fund flows, institutional ownership, analyst following, antitakeover amendments

and with the existence of a bond rating. Therefore, they conclude that the sensitivity of

investments to the availability of internal funds cannot be interpreted solely as an artefact of

measurement error. Inspired by the above findings, Attig, Cleary, El Ghoul, and Guedhami

(2012) empirically investigate the relationship between institutional investor’s investment

horizon and investment cash flow sensitivity using US firm level data as well. They argue

that the presence of institutional investors with a long-term investment horizon provides

improved corporate governance by enhancing the effectiveness of their monitoring and hence

mitigates asymmetric information and agency conflict between shareholders and managers.

This in turn reduces the wedge between the costs of internal and external funds and as a
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result, the sensitivity of firms’ investment spending to internal cash flows decreases. So they

augment the standard investment regression with an interaction term between cash flow and

various proxies for institutional investors’ investment horizon (IIIH) and provide evidence

consistent with these arguments.

Ascioglu, Hegde, and McDermott (2008) also find higher investment-cash flow sensitivity

for firms with high information asymmetry, but they use the probability of informed trade

(PIN) to classify firms as constrained which is a more direct measure of financial constraint.

They claim that financial constraints matter only at high levels of informational frictions

and their results are robust to other alternative specifications that control for different time

periods, firm size, debt capacity, and probable measurement error of Q. Bond and Söderbom

(2013) study the sensitivity of investment to the availability of internal finance conditional on

measures of Tobin’s Q in a benchmark model with quadratic adjustment costs and show that

the relationship between the investment cash flow sensitivity and capital market imperfection

is monotonic. For firms in a financially constrained regime, they find that the sensitivity of

investment to cash flow increases monotonically with the cost premium for external finance

when they consider equity as the only source external finance. The result remains same

when they introduce costly debt as an additional source of external finance. By generating

simulated panel datasets for samples with 2000 firms observed for 14 periods at the same time,

they find a similar monotonic relationship between the estimates of conditional investment

cash flow sensitivity and the cost premium parameters for both sources of external finance.

Carpenter and Guariglia (2008) use UK firms’ contracted capital expenditure to capture

information about opportunities available only to insiders and thus not included in Q. 2 When

they include this as regressor along with Q and cash flow in their investment equation to

assess the overall investment opportunities of the firm more comprehensively, the explanatory

power of cash flow falls for large firms, but still plays a significant role on the small firms’

investment. They explain this as evidence that cash flow may still play its role in capturing

2The contracted capital expenditure variable reflects the insiders’ evaluation of investment opportunities

and it is defined as contracts entered into for the future purchase of capital items, expenditure on machinery,

equipment, plant, vehicles, and buildings, for which nothing has been paid by balance sheet date.
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the effects of capital market imperfections, at least for the small firms which are more likely

to be financially constrained as well. In another paper using UK data, Guariglia (2008)

finds that the sensitivity of investment to cash flow responds differently according to the

type of constraint. The resulting relationship between investment and cash flow is U shaped

when the sample is divided on the basis of internal financial constraints and monotonically

increasing with the degree of external financial constraints faced by firms. By combining

both types of constraints, she finds that the sensitivity is particularly large when external

constraints are strong and internal constraints are weak. These results suggest that the

controversy about whether higher investment cash flow sensitivity can be used as evidence

of financial constraints is probably due to different sample separation criteria and may not

necessarily be due to the improper measurement of Q.

A switching regression framework is employed by Hu and Schiantarelli (1998) in order

to address the problem of cash flow’s controversial role by allowing the coefficient on cash

flow to differ from zero in the low premium or unconstrained regime. Therefore, even if

cash flow contains some information about future profitability, the estimated cash flow co-

efficient for the constrained firms will be relatively higher than that of the unconstrained

firms. Whereas, Hovakimian and Titman (2006) claim that their estimated sensitivity of

investment expenditures to asset sales is less affected by the measurement error in their

proxy for investment opportunities as it is not likely to be positively related to asset sales.

Their switching regression results reveal that after controlling for investment opportunities

and cash flows, cash from asset sales is a significant determinant of corporate investment

expenditures and financially constrained firms are likely to invest more when they generate

cash from asset sales, but this relationship is invalidated for financially unconstrained firms,

all listed on NYSE, AMEX and NASDAQ. Exploring the idea that the financial constraint

status is endogenously related to the tangibility of the firm’s assets, Almeida and Campello

(2007) show that investment-cash flow sensitivity for the constrained firms increases with

the tangibility of their assets, but not so for unconstrained firms using the universe of man-

ufacturing firms available from COMPUSTAT. Moreover, their switching regression results

also show that asset tangibility affects the credit status of the firms and the investment-cash

flow sensitivities are not monotonically related to the degree of financing constraints. This
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paper follows the model of Almeida and Campello (2007), but will use predicted corporate

efficiency from the stochastic frontier analysis in addition to asset tangibility assuming that

financial constraint status can be endogenously related to the efficiency as well.

3. Methodology

The main advantage of the switching regression approach is that the extent of investment

behavior differing across groups of firms and the set of multiple characteristics determining

their likelihood of being financially constrained or unconstrained can be determined simulta-

neously. The single-factor classifications discussed earlier may not successfully separate firms

with different sensitivity of investment to internal financing. The severity of financial con-

straints can even vary among firms of the same subgroup if other factors are not controlled

for. On the other hand, multiple factor classifications increase the number of subsamples re-

ducing the size of each group used for estimation or increase the number of interactive terms

in single regressions and produce imprecise estimates. The switching regression approach

controls for multiple indicators that jointly determine the group in which a firm is likely

to belong without the need for splitting the sample into many smaller parts or including

many interaction terms and also allows assessing their statistical significance. Furthermore,

the selection regression incorporates more information into the estimation of the separate

investment regimes than can possibly be captured by the creation of dummy variables or

sample splits.

In the switching regression model, it is assumed that there are two different investment

regimes, regime 1 and regime 2. While the number of investment regimes are taken as

given, the points of structural change are not observable and are estimated together with

the investment equation for each one of the regimes. Depending on the extent of financial

constraints, a firm may operate in one of the two unobservable investment regimes and its

investment may be more or less sensitive to the availability of internal funds than in the

other. The model is composed of the following system of three equations that are estimated
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simultaneously:

I1it = Xitβ1 + ν1it (1)

I2it = Xitβ2 + ν2it (2)

y∗it = Zitα + εit (3)

Equations 1 and 2 are the structural equations that describe the investment behavior

of firms in the alternative regimes. Equation 3 is the selection equation that determines a

firm’s propensity of being in one or the other investment regime. Xit are the determinants

of corporate investment and Zit are the determinants of a firm’s likelihood of being in the

first or the second investment regime at time t. β1, β2 and α are vectors of parameters and

ν1, ν2 and ε are residuals. The observed investment, Iit, undertaken by firm i at time t, is

defined as follows:

Iit = I1it, if y
∗
it < 0 (4)

Iit = I2it, if y
∗
it ≥ 0 (5)

y∗it is a latent variable measuring the tendency or the likelihood of being in the first or

second regime. Firms will not be fixed in one regime, as described in equation (4-5), a transfer

between the regimes occurs if y∗it reaches a certain unobservable threshold value. It is assumed

that the vector of error terms in the investment and switching functions (ν1it, ν2it, εit)
′ is

jointly normally independently distributed with mean zero and covariance matrix
∑

, which

allows a non-zero correlation between the shocks to investment and the shocks to firms’

characteristics and endogenous switching between the two investment regimes, where

∑
=

 σ2
1 σ12 σ1ε

σ21 σ2
2 σ2ε

σε1 σε2 1

 (6)

Here, var(ε) is normalized to 1 as only α/σε can be estimated in equation 3, but not α and

σε individually (Hovakimian and Titman, 2006). The extent to which investment spending

differs across the two regimes and the likelihood that firms are assigned to either regime

are simultaneously determined. This approach yields separate regime-specific estimates for

investment equations, dispensing with the need to use ex ante regime sorting. In order to

fully identify the switching regression model, it is needed to determine which regime is the
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constrained and which regime is the unconstrained. The algorithm specified in equations

(1-5) creates two groups of firms that differ according to their investment behavior. The

theoretical priors about which firm characteristics and how they are associated with financial

constraints are used to achieve this identification.

The dependent variables in the two regime specific equations (1) and (2) are investment

and the dependent variable in the classification equation (3) is a classification variable. An

initial guess of the classification variable is created using the corporate efficiency index we

have estimated by the stochastic frontier analysis (Quader, 2013) based on the assumption

that highly efficient firms or firms suffering less from agency cost related problems are most

likely be financially unconstrained. For example, the observations are coded as 1 (uncon-

strained) if their predicted efficiencies are above the 50th percentile value and 0 (constrained)

otherwise. However, as the predicted market value efficiency is skewed (figure 1), we also

change the initial cut off point to 60th, 70th or 80th percentile values to check the sensitivity

in the estimations. Since the estimated probabilities of observations belonging to any of the

regimes are not generally just zero or one, the elements of the classification vector will fall

throughout the interval [0, 1]. [Fig 1 will be inserted here]

4. Model Specification

4.1. Investment equation

The Q-theory of investment proposes that the ratio of the market value of capital stock

to its replacement cost could summarize investment opportunities and thus offers another

formulation of the neoclassical model (Tobin, 1969). This is later extended to models of

investment by Hayashi (1982), who claim that average Q can adequately capture investment

opportunities and explain investment demand under the assumption of perfect competition,

constant returns, capital as the only quasifixed factor and convex costs of adjusting the cap-

ital stock. These models are later augmented by financial variables to examine the effects of

capital market imperfections contemplating that firms with higher net worth should invest

more for given levels of investment opportunities, information costs, and market interest

rates under the deviated market condition. In this paper, we rely on the extended Q theory

of investment model to identify the difference in investment behavior across groups of firms
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in our switching regression framework. The variables that measure liquidity, predicted cor-

porate efficiency, asset tangibility, interaction terms of efficiency and tangibility with cash

flow are added to the basic reduced form equation of investment to form the Xit vector

of equations 1 and 2. Rather than including firm dummies for each of the 1122 firms, we

include sector dummies based on the assumption that firm characteristics will be similar

within each of the 33 sectors classified by the FTSE/Dow Jones Industrial Classification

Benchmark (ICB) codes. Year dummies are also included to capture year specific effects.

We estimate two different models in line with the existing literature and our propositions.

As explained earlier, each of these models will have two identically specified investment equa-

tions and one different selection equation. In model 1, we include efficiency and its interac-

tion term with cash flow in the investment equations to check the magnitude and direction

of investment-cash flow sensitivity and its changing pattern with corporate efficiency across

endogenously classified group of firms.

Iit = β0 + β1Cash flowit + β2(Cash flow × Efficiency)it + β3Fin. slackit

+ β4Tobin
′s Qit + β5Efficiencyit + fi + τt + νit (7)

In model 2, we additionally include asset tangibility and its interaction with cash flow

in the investment equations in a similar attempt to check the changing pattern of investment

cash flow sensitivity with tangibility following Almeida and Campello (2007).

Iit = β0 + β1Cash flowit + β2(Cash flow × Efficiency)it + β3(Cash flow × Tang)it

+ β4Fin. slackit + β5Tobin
′s Qit + β6Efficiencyit + β7Tangit + fi + τt + νit (8)

Therefore, our interpretation does not depend only on a single comparison of the level of

estimated cash flow coefficients between two groups of firms, but on multiple comparison of

the coefficients of financial slack and two interaction terms as well.

4.2. Selection equation

The selection equation places a firm year observation in one of the more or less financially

constrained regimes and the likelihood is endogenously determined in each period by multiple

firm characteristics that proxy for the severity of informational and agency problems. This
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equation also allows the assessment of the statistical and economic significance of a given

factor, while controlling for the information contained in other variables. We include the

traditional criteria such as firms’ size, age, dividend payout ratio and a set of balance sheet

variables as an indicator of financial strength to form our selection vector Zit in equation

3. We also include our predicted corporate efficiency index and tangibility in the selection

vector in order to check how a firm’s credit status changes with these two variables. As the

general macroeconomic conditions are the same for all firms in the economy or in a particular

sector, their effects on the probability of facing any particular regime are expected to be

same for all firms as well. Probably due to this same reason Hovakimian and Titman (2006)

and Almeida and Campello (2007) do not include time and firm/industry dummies in their

selection equations. We use the following selection equation in both model 1 and model 2

irrespective of the specification of the investment equation.

y∗it = α0 + α1Sizeit + α2Ageit + α3Dividendit + α4St. leverageit + α5Lt. leverageit

+ α6Tobin
′s Qit + α7Fin. slackit + α8Int.cov.ratioit + α9Efficiencyit + α10Tangit + εit

(9)

5. Data

We have collected data from the Worldscope Database currently owned by Thomson

Reuters which describes the database as the financial industry’s premier resource of most

comprehensive and accurate financial data on public companies resided outside of the United

States of America.3 We excluded all banks, life and non-life insurance, real estate, gen-

eral financial, equity and non-equity investment instrument companies according to the

FTSE/Dow Jones Industrial Classification Benchmark (ICB) codes which are adopted by

the database as its standard global classification tool codes as they follow different account-

ing practices. We also dropped all the observations with unexpected signs, like negative

revenue, assets or investment and all the other observations with missing values for the re-

quired variables. Then we deleted all the firms with less than three consecutive years of

3The data definitions and other information about the contents of the Worldscope database are contained

in http://extranet.datastream.com/Data/Worldscope/index.htm.
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observations for any of the required variables. Some firms operating for relatively longer

period still have gaps in their panels, but have multiple three consecutive observations in

them. Finally, the dataset we use in our estimations is an unbalanced panel of 1122 firms

from thirty three different sectors with a minimum of three to a maximum of twenty nine

consecutive years of observations and a total of 13183 firm-years. As we allow both entry

and exit of firms over time, our estimations using this unbalanced panel data are expected

to be free from any potential selection and survivor bias. All required financial variables are

deflated with the GDP deflator and all regression variables are winsored at the 1% and 99%

level to omit extreme outliers. The latter rule is expected to eliminate observations reflecting

very large mergers, extraordinary firm shocks, coding or severe measurement errors and is

applied as a common procedure in the contemporary finance literature, e.g., Hovakimian and

Titman (2006). Table 1 reports means and distributional information for all the regression

variables we use in this paper. [Table 1 will be inserted here]

Cash flow representing the flow measure of internal liquidity has a mean value of 3.88%,

but there are 21% firm year observations with negative cash flows. On the contrary, the stock

measure of internal liquidity has mean value of 15.79%. This stock measure doesn’t have

any negative observations, but there are firms with no such short term investment. Recent

literature suggests eliminating firm years with Tobin’s Q in excess of 10 as an attempt to

tackle the measurement error problem of investment opportunities (Almeida and Campello,

2007). As the maximum of 12.69 for Tobin’s Q in our data is close to the suggested cut-off

point, this is expected to minimize the probable measurement problem to some extent. The

sample contains unlevered firms as well as highly levered firms if we consider any of the short

term or long term debt positions. An average firm is seen to be more dependent on long term

debt with mean value of 10.43% compared to 6.21% of the short term debt. This divergence

between the two sources of external financing is consistent throughout the sample. The flow

measure of indebtness, interest coverage ratio has a mean value of 8.38% and supports the

dependency of an average firm on external debt as well. The level of investment of an average

firm is 27.88% with a median value of 20.45%. And finally an average firm in our sample

is 74.5% efficient compared to its best performing peers, predicted from our market value

frontier.
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6. Empirical results

6.1. Effect of efficiency on investment cash flow sensitivity

Model 1 in table 2 gives the maximum likelihood estimation results of our first switching

regression model (equations 7 and 9). As explained earlier, the results are composed of three

parts. The selection equation presented in table 2.a which determines a firm’s likelihood of

being in a constrained or unconstrained regime and two separate investment equations for

constrained and unconstrained groups presented in table 2.b which demonstrates how firm

investment behavior differs across the two groups. A positive coefficient of any selection

variable indicates that firms with higher values of that particular variable are more likely

to be in the unconstrained regime or a firm’s likelihood of facing financially unconstrained

regime is positively related with that selection variable. The relationship will be reversed

for any selection variable having a negative coefficient. The reported p-values test the null

hypothesis that a single investment regime is sufficient to describe the data as opposed to

two regimes.

The results support the general consensus that larger, older and high dividend paying

firms are more likely to be in the financially unconstrained regime as these firms are less

susceptible to the effects of information asymmetries. The negative coefficient for Tobin’s Q

hints that firms may not be financially constrained when they do not have better investment

opportunities. The negative coefficient for financial slack is also as expected since financially

constrained firms have an incentive to hold short term liquid assets. Our estimated coeffi-

cient for this variable has a positive sign, but is statistically insignificant. Tangible asset’s

positive effect on firm’s credibility to external financiers is also supported by our findings.

All the above explanations and subsequent findings are in line with those given in Hu and

Schiantarelli (1998), Hovakimian and Titman (2006) and Almeida and Campello (2007).

Our two stock measures of indebtedness, short term and long term leverage and also the

corresponding flow measure, and the interest coverage ratio have positive and statistically

significant coefficients. These results indicate that firms with a high level of external debt

are associated with a lack of financial constraints or are less dependent on internally gen-

erated funds probably due to their high debt capacity or reduced agency cost problems. In

other words, these firms may find it easier to convince lenders to provide them with external
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credit on the strength of their collaterizable assets and proven track record. Hovakimian

and Titman (2006) provide similar intuition for their sample firms in the decade of 1990-91.

According to our hypothesis and the theoretical background behind predicted corporate ef-

ficiency, a firm’s efficiency has a significant effect on the credit status of the firm. The more

efficient a particular firm is or the less severe the agency cost problems, the lower is the

firm’s probability of facing constrained financial status.

Table 2.b represents the results of the regime specific investment equations estimated

simultaneously with the selection equation. The investment equations are estimated with

sector and year dummies and clustering by company ID to correct the standard errors. The

results reveal that the investment behavior is significantly different between the constrained

and unconstrained regimes. The coefficients of Tobin’s Q are positive in the two regimes

as firms having better investment opportunities are expected to invest more. Investment is

positively and significantly related to cash flow and the stock of cash in both the regimes, but

as expected the magnitudes of the estimated coefficients for these two variables are larger

in the constrained regime than those in the unconstrained regime. This clearly implies that

financially constrained firms’ investment is more sensitive to internal liquidity due to the

difficultly of easily switching between internal and external finance. Most interestingly, in-

vestment cash flow sensitivity for financially constrained firms is found to be decreasing with

corporate efficiency as opposed to increasing in the unconstrained regime. Such contrasting

behavior between the two groups of firms may be explicated by the cost and revenue effect

suggested by Cleary et al. (2007). This along with the perceived effect of efficiency on firms’

credit status suggest important implication. [Table 2 will be inserted here]

Firms are financially constrained at low level of efficiency, but their investment becomes

less and less sensitive to the availability of internal funds as their level of corporate efficiency

increases. Higher efficiency makes the agency conflict less severe and enables the firms’ man-

agers to take optimal financing and investment decisions, potentially earning higher revenue

for these firms. This may switch on the “revenue effect” as higher revenue is expected to

lower the firms’ default risk subsequently. Therefore, the hindrance to constrained firms’ ac-

cess to external financing source may become less acute with improvement in their efficiency

making them less intensely dependent on internally generated funds. This is consistent with
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the findings of Agca and Mozumdar (2008), Attig et al. (2012) and Bond and Söderbom

(2013). Once these firms’ efficiency reaches a certain standard, they may become financially

unconstrained. These unconstrained firms may have high levels of internal funds, but this

may still be insufficient to finance all of their investment requirements. This may require

higher borrowing, higher repayment costs and consequently bring in a higher risk of default.

This “cost effect” may be responsible for their investment becoming increasingly sensitive

to cash flow as efficiency increases further. However, we should not be concerned about this

positive effect of efficiency on their investment cash flow sensitivity considering that they are

not likely to be financially constrained, either internally or externally and they are likely to

have the privilege to choose the right mix of internal and external financing.

Overall, our findings indicate a non monotonic effect of corporate efficiency on cash

flow sensitivities. At lower level of efficiency, firms are financially constrained and their

investment cash flow sensitivity decreases with efficiency. When efficiency reaches a certain

threshold, the firms switch from constrained to unconstrained status and their investment

cash flow sensitivity starts to increase with efficiency. This is in line with our prediction

that the financial constraint status may be endogenously related to the corporate efficiency

of the firms. To be specific, the relationship between investment cash flow sensitivity and

corporate efficiency may be U shaped as shown in figure 2. The level of efficiency where

the status changes from constrained to unconstrained can not be observed, but as explained

earlier, our main interest lies on the left part of the figure where efficiency drives down

the comparatively high investment cash flow sensitivity for the financially constrained firms

and eventually makes them financially unconstrained. Similar to the findings of Agca and

Mozumdar (2008), our results support the idea that higher sensitivity of investments to

cash flow for the financially constrained firms shouldn’t be decreasing with improvement in

efficiency if that is solely generated because of the measurement error issue. This implies

that cash flow may still claim its role in seizing the effects of capital market imperfections,

at least for the financially constrained firms. [Fig 2 will be inserted here]
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6.2. Credit multiplier effect

Model 2 of table 2 gives the maximum likelihood estimation results of our second switch-

ing regression model (equation 8 along with equation 9). Results of the selection equation of

model 2 in table 2.a are almost identical to that of model 1. Firms that are larger, older, have

lower market-to-book ratio, have lower financial slack, pay high dividends, more efficient and

have more tangible assets are more likely to operate in the unconstrained regime. Highly

levered firms’ possibility of facing unconstrained credit status remains valid in this model

as well. The findings of the two investment equations of our second model in table 2.b are

also consistent with those of model 1. Firms operating in the constrained investment regime

demonstrate higher sensitivity to our two measures of internal liquidity. The changing credit

status of firms with efficiency is also present here. Most importantly, the constrained firms’

investment cash flow sensitivity decreases with efficiency in this extended model specification

as well. However, the increase in the investment cash flow sensitivity with efficiency for the

unconstrained firms is not found statistically significant.

In this model, the additional variables included in the investment equations are tangibility

and its interaction terms with cash flow following Almeida and Campello (2007)’s approach.

Making use of the Kiyotaki and Moore (1997) credit multiplier model, they find that asset

tangibility amplifies the effect of exogenous income shock on the investment spending of

financially constrained firms only and raises their investment-cash flow sensitivity. According

to them, these firms are better able to increase their collateral value by investing more

in pledgable assets following a positive income shock which in turn allows them to raise

more external financing, which in turn allows for more investment, and so on. However, at

some point these firms become unconstrained and tangibility should no longer affect their

investment-cash flow sensitivity. We find a positive and significant effect of tangibility on the

investment cash flow sensitivity for both the groups. Not only that, our estimated coefficients

suggest that the credit multiplier mechanism is stronger for the unconstrained firms in our

sample who are also likely to have high tangible assets. It may be argued here that such

positive relation between cash flow and external financing should be particularly strong for

those firms with high tangible assets as new investment in more collateralizable assets may

enhance their credit capacity more than what is observed for firms with less tangible assets
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(Almeida and Campello, 2010). Hence, our resulting relationship between tangibility and

investment cash flow sensitivity is monotonic in contrast with the previous findings.

6.3. Robustness check

We conduct a series of robustness check of our proposed hypothesis and results. Firstly, it

could be a matter of concern to create the initial classification variable (dependent variable,

y∗it) of our selection equation 9 using efficiency and at the same time including efficiency as

an independent variable in the investment equation. In order to tackle this, we estimate

both the models excluding efficiency from the Zit vectors. The results reported in table 3

are found to be robust to this change in the model specification. Our suggested effect of

efficiency on firm’s credit status is still sustained by the evident non monotonic relationship

between efficiency and investment cash flow sensitivity. [Table 3 will be inserted here]

Following Hu and Schiantarelli (1998), we also include the sales-to-capital ratio as an

additional regressor in our investment equations to reduce the possible role of cash flow

as a predictor of firm’s future profit prospects and to capture possible effects of imperfect

competition in the output market. We do the same for our two models and the results are

reported in table 4. As expected, magnitude of the estimated cash flow coefficient declines

for both the constrained and unconstrained regimes which may be due to the correlation

between cash flow and sales. However, the pattern of the cash flow coefficients across the

two regimes remains the same as in the models without sales. Investment continues to show

higher sensitivity to our two internal liquidity measures for the constrained firms and also

the variation of the investment cash flow sensitivity with efficiency and tangibility and their

divergence between the two regimes persists. [Table 4 will be inserted here]

The models estimated so far include all contemporary variables, both in the selection

and the investment equation. The variables like cash flow, financial slack, Tobin’s Q in the

investment equation may create endogeneity problems. To account for that, we reestimate

the two models replacing the contemporary explanatory variables in the investment equation

by their one year lagged values keeping variables in the selection equation same as before.

In this case, the selection equation still determines whether the contemporary investment

belongs to the constrained and unconstrained regime, but that contemporary investment is
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now explained by one year lagged explanatory variables. The outcomes are reported in table

5 and assert the results already obtained. [Table 5 will be inserted here]

We have also experimented with an alternative initial guess required for the switching

regression, specifically using either 60th, 70th or 80th percentile values as the initial cut-off

points, but the results are not found to be sensitive to these changes at all. This confirms

that the two regimes are indeed endogenously selected by the model, no matter how we

create the initial exogenous classification.

7. Conclusion

This paper provides a distinctive complement to the existing literature by suggesting

new ways to study the impact of capital market imperfections on investment decisions of

individual firms. In our effort to confront the major challenges in this line of studies, we

have taken up the proposition that corporate efficiency can simultaneously affect a firm’s

financial constraint status and investment responsiveness to internal financing and have

estimated endogenous switching regression models incorporating our predicted corporate

efficiencies from the stochastic frontier analysis. Our endogenous and interchangeable firm

classification results reveal that financially constrained firms are more likely to be smaller,

younger, deficient in capturing better investment opportunity, reserve higher safety stock,

pay low dividends, have less collaterizable assets, less external debt and most importantly,

are inferior in terms of corporate efficiency. Turning to their investment behavior, they are

comparatively more sensitive to the availability of both the stock and flow measure of internal

liquidity pertaining to the idea of imperfect substitutability between internal and external

financing source under market imperfections. The much controversial role of cash flow in

detecting such imperfections is also given a critical resolution by the decreasing investment

cash flow sensitivity with corporate efficiency for these firms. If the mismeasured investment

opportunity solely drives the high investment cash flow sensitivity, then it shouldn’t be

decreasing with improvement of efficiency. Our direct measure of corporate efficiency as

an inverse proxy of the extent of asymmetric information and agency conflict problems,

thus plays a convincing role here. Our results also support the credit multiplier theory

according to which the investment cash flow sensitivity increases with tangibility for both
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the constrained and unconstrained firms. The important implications of our findings to

managers and financiers is that, by improving corporate efficiency or in other words, by

mitigating agency conflict, taking optimal operating, financing and investment decisions,

borrowers can render signals to the outside investors about the actual status of the firm

which will then determine the availability and accessibility of external finance for them. An

implication of our findings for researchers is that, cross-sectional variation in the investment

sensitivity to internal finance may still be interpreted as a consequence of capital market

imperfections. We are also aware of some possible limitations of the empirical results we

have presented in this paper. Cash flow, financial slack and Tobin’s Q in an investment

equation can be endogenous and we have checked the robustness of our results by including

these variables as one period lagged form. Even though our results suggest that the sensitivity

of investment to the availability of internal funds is not solely driven by measurement error

in investment opportunity, we are not claiming that Tobin’s Q, as our proxy for such is free

from measurement error. Usually, an instrumental variable technique or error correction

models are suggested for tackling these problems, but none of those could be incorporated

within the switching regression framework. For the same reason, we have not estimated our

investment equation in a dynamic form. However, we believe that the advantages of the

switching regression model outweigh these disadvantages.
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Figure 1: Cut off points for the predicted market value efficiency
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Notes: The kernel density estimation of the predicted market value efficiency shows the negative skewness in its distribution,

which is why different cutoff points are used as threshold values for the initial firm classifications.

Figure 2: Non monotonic relationship between investment cash flow sensitivity and efficiency
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Notes: This figure shows the non monotonic effect of corporate efficiency on the investment cash flow sensitivities of the

firms. Investment cash flow sensitivity is found to be decreasing with efficiency for financially constrained firms. Once these

firms’ efficiency reaches a certain level, they become financially unconstrained and their investment cash flow sensitivity

starts increasing.
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Table 1: Descriptive Statistics

Mean SD Min Q1 Median Q3 Max

Investment .2787 .2381 .0004 .1194 .2045 .3582 1.193
Cash flow .0388 .2001 -1.015 .0198 .0836 .1345 .3385
Tobin’s Q 2.033 1.864 .5193 1.072 1.464 2.178 12.69
Tangibility .2900 .2386 .0021 .0873 .2453 .4253 .9220
Mv.efficiency .7454 .2007 .0056 .6957 .8214 .8760 1
Size 10.92 3.243 4.301 9.448 11.28 12.97 16.74
Age 2.114 0.862 0 1.609 2.303 2.833 3.367
Dividend .0207 .0240 0 0 .0157 .0312 .1312
St.leverage .0621 .0892 0 .0017 .0281 .0844 .4937
Lt.leverage .1043 .1352 0 .0003 .0524 .1596 .6539
Fin.slack .1579 .1843 0 .0320 .0936 .2062 .8671
Int.cov.ratio .0838 .2728 -1.318 0 .0583 .1489 1.381

Notes: This table gives mean and distributional information for all the regression variables for which data is collected from

the Worldscope Global Database for 1122 UK firms listed on the London Stock Exchange over the period 1981 to 2009.

All financial variables are deflated with a GDP deflator and all regression variables are winsored at the 1% and 99% level

to get rid of the extreme outliers. Tobin’s Q is calculated as the ratio of market value of assets to the book value of assets.

Market value is estimated as book value of total assets minus book value of equity plus market capitalization and book

value of total asset is simply the value of total assets. Natural logarithm of total sales and natural logarithm of the number

of years a firm appears in the database are used as proxies for firm size and firm age respectively. Financial slack (Fin.slack)

is calculated as ratio of cash and short term investment to total assets; cash flow as ratio of funds from operation to total

assets; tangibility as ratio of total tangible assets to total assets; interest coverage ratio (Int.cov.ratio) as ratio of interest

expense on debt to earnings before interest, taxes and depreciation; dividend payout as ratio of total cash dividend paid to

total assets and investment as ratio of capital expenditure or additions to fixed assets to total tangible assets. Short term

debt (St.leverage) and long term debt (Lt.leverage) are both scaled by total assets. Market value efficiency (Mv.efficiency)

is the corporate efficiency indexes derived from an estimated market value frontier.
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Table 2: Switching regression models with market value efficiency

Table 2.a: Selection equations

Model 1 Model 2

Size 0.021***(0.004) 0.027***(0.004)
Age 0.449***(0.010) 0.465***(0.010)
Dividend 0.039***(0.002) 0.042***(0.002)
St.leverage 0.768***(0.054) 0.497***(0.061)
Lt.leverage 0.524***(0.046) 0.428***(0.045)
Tobin’s Q -0.055***(0.005) -0.072***(0.005)
Int.cov.ratio 0.182***(0.014) 0.158***(0.014)
Fin.slack 0.042(0.050) -0.234***(0.049)
Mv.efficiency 0.657***(0.070) 0.866***(0.072)
Tangibility 2.452***(0.024) 1.304***(0.025)
Constant -1.344***(0.042) -1.232***(0.043)
Model p-values 0.000 0.000

Table 2.b: Investment equations

Model 1 Model 2

Unconst. Const. Unconst. Const.

Cash flow 0.078** 0.232*** 0.065* 0.185***
(0.037) (0.059) (0.037) (0.059)

Cash flow*Mv.efficiency 0.098** -0.301*** 0.031 -0.270***
(0.049) (0.083) (0.050) (0.082)

Cash flow*Tangibility 0.383*** 0.229**
(0.066) (0.090)

Fin.slack 0.121*** 0.157*** 0.047*** 0.060**
(0.014) (0.023) (0.014) (0.023)

Tobin’s Q 0.019*** 0.030*** 0.017*** 0.027***
(0.001) (0.002) (0.001) (0.002)

Mv.efficiency -0.016 -0.474*** -0.011 -0.438***
(0.020) (0.029) (0.018) (0.028)

Tangibility -0.205*** -0.337***
(0.012) (0.030)

Constant 0.163*** 0.559*** 0.216*** 0.641***
(0.020) (0.054) (0.019) (0.057)

Notes: This table gives the maximum likelihood estimation results of our two switching regression models (investment

equations 7 and 8 along with the selection equation 9). The selection equation in 2.a determines a firm’s likelihood of being

in a constrained or unconstrained regime dependent variable of which is coded 1 for the unconstrained investment regime

and 0 for the constrained one. A positive coefficient of any selection variable indicates that firms with higher values of

that particular variable are more likely to be in the unconstrained regime and vice versa. P-values of the models reject the

null hypothesis that a single investment regime is sufficient to describe the data. Two separate investment equations in 2.b

for each of the models demonstrate how different the firms’ investment behavior across the two regimes. The investment

equations are estimated with sector and year dummies and clustering by company ID is used to correct the error structure

of the estimations. ***, ** and * indicate significance at the 1%, 5% and 10%, level respectively and standard errors are in

parentheses.
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Table 3: Switching regression models excluding efficiency from the selection equation

Table 3.a: Selection equations

Model 1 Model 2

Size 0.057***(0.003) 0.074***(0.003)
Age 0.439***(0.010) 0.454***(0.010)
Dividend 0.036***(0.002) 0.037***(0.002)
St. leverage 0.799***(0.053) 0.531***(0.060)
Lt. leverage 0.497***(0.046) 0.394***(0.045)
Tobin’s Q -0.034***(0.004) -0.045***(0.004)
Int.cov.ratio 0.183***(0.014) 0.157***(0.014)
Fin.slack 0.007(0.049) -0.269***(0.049)
Tangibility 2.505***(0.024) 1.376***(0.024)
Constant -1.248***(0.037) -1.112***(0.038)
Model p-values 0.000 0.000

Table 3.b: Investment equations

Model 1 Model 2

Unconst. Const. Unconst. Const.

Cash flow 0.074** 0.232*** 0.059 0.187***
(0.038) (0.059) (0.037) (0.059)

Cash flow*Mv.efficiency 0.105** -0.294*** 0.040 -0.271***
(0.050) (0.083) (0.050) (0.082)

Cash flow*Tangibility 0.384*** 0.235***
(0.066) (0.091)

Fin.slack 0.119*** 0.151*** 0.045*** 0.056**
(0.014) (0.023) (0.014) (0.024)

Tobin’s Q 0.020*** 0.030*** 0.017*** 0.027***
(0.001) (0.002) (0.001) (0.002)

Mv.efficiency -0.020 -0.492*** -0.016 -0.460***
(0.020) (0.029) (0.019) (0.028)

Tangibility -0.204*** -0.332***
(0.012) (0.030)

Constant 0.167*** 0.566*** 0.220*** 0.647***
(0.020) (0.054) (0.020) (0.056)

Notes: This table gives the maximum likelihood estimation results of our two switching regression models. Here, only

difference is market value efficiency is excluded from the selection equation to check robustness of our earlier results. P-

values of the models reject the null hypothesis that a single investment regime is sufficient to describe the data. The

investment equations are estimated with sector and year dummies and clustering by company ID is used to correct the error

structure of the estimations. ***, ** and * indicate significance at the 1%, 5% and 10%, level respectively and standard

errors are in parentheses.
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Table 4: Switching regression models with sales-to-capital ratio

Table 4.a: Selection equations

Model 1 Model 2

Size 0.039***(0.004) 0.035***(0.004)
Age 0.436***(0.010) 0.456***(0.010)
Dividend 0.050***(0.002) 0.046***(0.002)
St. leverage 0.560***(0.065) 0.499***(0.064)
Lt. leverage 0.405***(0.046) 0.376***(0.045)
Tobin’s Q -0.064***(0.005) -0.067***(0.005)
Int.cov.ratio 0.158***(0.014) 0.148***(0.014)
Fin.slack -0.071(0.049) -0.216***(0.049)
Mv.efficiency 0.488***(0.071) 0.657***(0.072)
Tangibility 1.602***(0.024) 1.142***(0.024)
Constant -1.185***(0.042) -1.146***(0.042)
Model p-values 0.000 0.000

Table 4.b: Investment equations

Model 1 Model 2

Unconst. Const. Unconst. Const.

Cash flow 0.052 0.146** 0.061 0.174***
(0.037) (0.058) (0.037) (0.059)

Sales/Capital 0.002*** 0.002*** 0.001*** 0.002***
(0.0001) (0.0001) (0.0001) (0.0002)

Cash flow*Mv.efficiency 0.168*** -0.102 0.050 -0.246***
(0.048) (0.082) (0.050) (0.082)

Cash flow*Tangibility 0.357*** 0.266***
(0.063) (0.086)

Fin.slack 0.106*** 0.151*** 0.058*** 0.088***
(0.013) (0.022) (0.013) (0.022)

Tobin’s Q 0.017*** 0.030*** 0.016*** 0.030***
(0.001) (0.002) (0.001) (0.002)

Mv.efficiency -0.010 -0.543*** -0.011 -0.518***
(0.018) (0.028) (0.018) (0.028)

Tangibility -0.147*** -0.201***
(0.013) (0.030)

Constant 0.154*** 0.598*** 0.197*** 0.636***
(0.019) (0.061) (0.019) (0.061)

Notes: This table gives the maximum likelihood estimation results of our two switching regression models. Here, only

difference is sales-to-capital ratio is added to the investment equations to check robustness of our earlier results. P-values

of the models reject the null hypothesis that a single investment regime is sufficient to describe the data. The investment

equations are estimated with sector and year dummies and clustering by company ID is used to correct the error structure

of the estimations. ***, ** and * indicate significance at the 1%, 5% and 10%, level respectively and standard errors are in

parentheses.
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Table 5: Switching regression models controlling for endogeneity

Table 5.a: Selection equations

Model 1 Model 2

Size 0.031***(0.004) 0.0003(0.004)
Age 0.437***(0.010) 0.461***(0.010)
Dividend 0.045***(0.002) 0.041***(0.002)
St. leverage 0.489***(0.061) 0.472***(0.063)
Lt. leverage 0.654***(0.047) 0.427***(0.045)
Tobin’s Q -0.108***(0.005) -0.103***(0.005)
Int.cov.ratio 0.117***(0.015) 0.148***(0.014)
Fin.slack -0.148***(0.051) -0.008(0.050)
Mv.Efficiency 0.995***(0.070) 1.449***(0.073)
Tangibility 2.890***(0.024) 1.740***(0.023)
Constant -0.955***(0.041) -1.373***(0.043)
Model p-values 0.000 0.000

Table 5.b: Investment equations

Model 1 Model 2

Unconst. Const. Unconst. Const.

L.Cash flow 0.079** 0.226*** 0.031 0.168***
(0.036) (0.056) (0.040) (0.055)

L.Cash flow*L.Mv.Efficiency 0.120** -0.297*** 0.083 -0.273***
(0.048) (0.077) (0.054) (0.069)

L.Cash flow*L.Tangibility 0.350*** 0.239***
(0.070) (0.079)

L.Fin.slack 0.151*** 0.192*** 0.071*** 0.069**
(0.014) (0.022) (0.014) (0.024)

L.Tobin’s Q 0.019*** 0.017*** 0.016*** 0.015***
(0.001) (0.002) (0.001) (0.002)

L.Mv.Efficiency 0.033** -0.276*** 0.034* -0.219***
(0.016) (0.029) (0.018) (0.035)

L.Tangibility -0.222*** -0.377***
(0.013) (0.036)

Constant 0.124*** 0.213*** 0.187*** 0.197***
(0.018) (0.044) (0.019) (0.047)

Notes: This table gives the maximum likelihood estimation results of our two switching regression models. Here, all only

difference is the right hand side variables in the investment equation are included as one year lagged to check for endogeneity

problems in our earlier results. P-values of the models reject the null hypothesis that a single investment regime is sufficient

to describe the data. The investment equations are estimated with sector and year dummies and clustering by company ID

is used to correct the error structure of the estimations. ***, ** and * indicate significance at the 1%, 5% and 10%, level

respectively and standard errors are in parentheses.
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