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Abstract

This paper investigates whether future excess returns to R&D-intensive firms documented in prior literature is
due to mispricing or compensation for additional risk. Prior research provides evidence consistent with the
explanation that the positive association is compensation for additional risk associated with R&D (Chambers et
al. 2002). | investigate another possibility: The future excess returns to R&D are correction for undervaluation in
the prior periods. | first investigate financial analysts’ behavior about future benefits of R&D-intensive firms
because financial analysts are one of the most important information intermediaries between investors and
managers. Moreover, investor dependence on analyst information is greater in R&D-intensive firms (Barth et al.,
2001). | find that analysts underestimate earnings long term growth in R&D-intensive firms and correct their
underestimation in following years. | also find that investors are not aware of analysts’ underestimation of future
benefits of R&D suggesting that investors are mislead by analysts long term forecasts.

Keywords: mispricing of R&D, underestimation of future benefits of R&D, analysts’ forecast revision
1. Introduction

Prior research has documented that Research and development (R&D) expenditures are related to future excess
returns (Chan, Lakhonishok, & Sougiannis, 2001; Lev & Sougiannis, 1996, Chambers et al., 2002). While some
studies argue that these excess returns are due to greater risk associated with R&D (Chambers et al., 2002; Ho et
al., 2004), other studies argue that these excess returns are due to mispricing of R&D (Lev and Sougainnis, Chan
et al., 2001). In this paper | investigate whether future excess returns to R&D is a compensation for risk or
correction of undervaluation in prior periods. | focus on the relationship between R&D intensity and analyst
forecast because analysts are the most important information processors for investors. Hence their
mis-estimation of future benefits of R&D might mislead investors and lead to mispricing of R&D. Since it takes
up to eight years to realize the future benefits associated with R&D expenditures, 1 use long term growth
estimates instead of earnings forecasts. If analysts underestimate the long term growth in earnings in
R&D-intensive firms, they will have to revise their long term growth estimates upwards in the following years as
they correct their underestimation in the following years. This will result in positive association with R&D
intensity and revision in consensus (mean) analysts’ forecast. Consistent with this prediction, I find that revision
in consensus analysts’ long term growth estimate is positively related to both measures of R&D intensity: R&D
expenditures to market value of equity and R&D capital to market value of equity. | also find that revision in
consensus analysts’ forecasts continues up to five-year after the initial estimate. This finding suggests that the
future excess returns to R&D-intensive firms may be due to analysts’ underestimating the future earnings growth
for R&D-intensive firms.

Next, | investigate whether investors are misled by the errors in analysts’ long term forecasts. Following Dechow
and Sloan (1996), | use Miskin (1983) test to investigate the relationship between mispricing of R&D and bias in
analysts’ forecasts with respect to R&D. | first estimate the relation between R&D and revision in analysts’ long
term growth estimates (prediction equation). The regression coefficient on the R&D measure in this model
reflects to what extent analysts underestimate the future benefits of R&D. | find that this coefficient is positive.
Next, using a returns model, | estimate the relation between R&D and analysts long term forecast errors implicit
in market prices. Coefficients from returns model provide an estimate of the market’s perception of association
between R&D and revision in analysts’ long term forecasts. If investors are aware that analysts underestimate
future benefits of R&D, this coefficient should have the same magnitude and sign in both prediction and return
equations. However, | find that the regression coefficient on R&D in prediction equation is significantly greater
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than the corresponding coefficient on the R&D variable implied from the returns model (i.e. the coefficient of
R&D in prediction equation is positive while the coefficient in returns model is negative). These results suggest
that investors assume that analysts overestimate future benefits of R&D while they actually underestimate them
indicating that investors do not correct the bias in analysts long term growth estimates with respect to R&D. This
result suggests that mispricing of R&D might be due to analysts’ biased forecast of future benefits of R&D.

This study contributes to discussion over future excess returns to R&D-intensive firms. Even though several
prior studies make conjectures that future excess returns to R&D is due to mispricing, there is no direct evidence
in support of mispricing explanation. Chambers et al. (2002) and Ho, Xu, and Yap (2004) show that future
excess returns to R&D might be due to greater risk associated with R&D intensive firms. Combining my results
with their findings suggests that future excess returns to R&D are partly due to risk and partly due to mispricing
of R&D-intensive firms. In an efficient market all publicly available information should be incorporated into
stock price and thus, all the securities should be correctly priced. Hence, one should not be able to generate
excess returns holding certain stocks. However, prior research has indicated that stock prices are inefficient in
incorporating public information into stock price. For example, Sloan (1996) shows that portfolios formed based
on accruals generates future excess returns. Similarly, Lakhonishok et al. (1994) argue that future excess returns
value portfolios is due to mispricing.l add to the line of research about market inefficiency with respect to future
benefits of R&D. The rest of this study is organized as follows. Section 2 provides literature review and research
questions. Section 3 presents research design and section 4 presents sample characteristics. Section 5 presents
future excess returns to R&D-intensive firms. Section 4 provides evidence about association between R&D
intensity and revision in long term growth estimates. Section 5 documents the relationship between revision in
analysts’ forecasts and future excess returns and section 6 concludes.

2. Literature Review and Research Questions

R&D expenditures have been a salient issue among practitioners and academia in recent years. Interest stems
from growth in science and knowledge base and increase in R&D intensity in the economy. Chan, Lakonishok
and Sougiannis (2001) (CLS hereafter) show that estimated R&D capital increased from 10% in 1975 to 29% in
1995. Moreover, they state that the technology sector and the pharmaceuticals industry account for 40 percent of
the S&P 500 index and that the amount of R&D spending in some major industries is larger than their earnings.
In a similar vein, Federal Reserve economist Nakamura states that “US companies spend annually on intangibles
is on par with the total corporate investment in physical assets” (Lev, 2004).

Consistent with growing importance of R&D expenditures in the economy, an area of interest by researchers in
accounting and finance has been the valuation of R&D expenditures (Pandit et al., 2011; Aboody & Lev, 1998;
Ali et al., 2012; Ciftci & Cready, 2011; Ciftci et al., 2011; Lev & Sougiannis, 1996; Sougiannis, 1994; Monohan,
2005; Matolsky & Wyatt, 2008; Eberhart et al., 2004 and 2008, etc.). Ciftci et al. (2011) and Lev and Sougiannis
(1996) show that there is a positive association between ratio of R&D to market value of equity and future
excess returns even after controlling for common risk factors such as size and book to market. CLS document a
similar relationship by using a different measure of R&D intensity: The ratio of R&D expenditures to market
value of equity. Some studies argue that future excess returns to R&D expenditures are compensation for
additional risk associated with R&D investment. Chambers et al. (2002) argue that conventional controls for risk
like book-to-market and size do not control for R&D risk factors causing measured excess returns to be biased
upward. Ho, Xu, and Yap (2004) show that (1) R&D intensity is positively related to systematic risk; (2) the
greater systematic risk is attributable to greater intrinsic business risk and greater operating risk. Kothari et al.
(2002) show that variability of future earnings for R&D expenditures is much greater than that for capital
expenditures and concludes that future benefits associated with R&D is far more uncertain than that of capital
expenditures. Ciftci and Cready (2011) show that CAPM beta increases with R&D intensity.

An alternative explanation for future excess returns to R&D expenditures is mispricing. If investors undervalue
R&D-intensive firms, they will have to correct their undervaluation in following periods. This would result in
future excess returns to R&D-intensive firms. Even though it has been shown that R&D expenditures generate
future earnings up to eight year after the investment date, GAAP does not treat R&D expenditures like other
assets. SFAC No.2 requires that R&D expenditures be expensed as they incurred even though they generate
future earnings. As a result of expensing convention, reported earnings may materially differ from economic
earnings based on capitalization of R&D expenditures (Lev & Zarowin, 1999). Moreover, since R&D assets are
not capitalized, the reported assets for R&D-intensive firms are understated. Consequently, the distortion in
financial information in R&D intensive firms might lead to misstatement of conventional benchmark such as
earning-to-price, book-to-market, return on equity. More specifically R&D-intensive firms may appear to be
“expensive” by such criteria (CLS).
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Therefore, investors in R&D-intensive firms have to adjust financial numbers to eliminate the impact of
expensing convention. If investors accept financial statements at face value, this raises the possibility that
investors underestimate the future benefits associated with R&D expenditures and undervalue these
expenditures. Thus, future excess returns to R&D may be correction of undervaluation in prior periods.

In this paper | investigate whether future excess returns to R&D is due to mispricing or risk. To explore this
question 1 first investigate the relationship between R&D intensity and analysts long term growth estimates.
Prior research suggests that financial analysts are information processors of investors (Barron, Byard & Kim,
2002). Moreover, investor dependence on analysts’ information in valuation of securities is greater in
R&D-intensive firms. (Barth et al., 2001) Investors use analysts’ forecasts to form their expectations about future
benefits of firms. Prior studies indicate that when analysts underestimate (overestimate) of future growth in
earnings, this may result in undervaluation (overvaluation) of securities. For example La Porta (1996) show that
value-glamour anomaly documented by Lakonishok, Shleifer and Vishny (1994) is due to investors accepting
analyst long term growth estimate at its face value even though these forecasts are overly optimistic.
Consequently, analysts’ forecasts might play a role on mispricing of analyst as well. If R&D-intensive firms are
mispriced, it might be due to analysts’ underestimating future benefits of R&D expenditures and investors using
analysts biased forecasts. Alternatively, analysts might be correctly estimating future benefits associated with
R&D expenditures but investors do not use this information. To investigate these two possibilities | investigate
the relationship between R&D intensity and revision in consensus analysts’ long term growth estimates. Since it
takes up to eight years to realize the future benefits associated with R&D expenditures, | use long term growth
estimates instead of earnings forecasts. If analysts underestimate the long term growth in earnings in
R&D-intensive firms, they will have to revise their long term growth estimates upwards in the following years as
realize their underestimation in the following years. This will result in positive association with R&D intensity
and revision in consensus (mean) analysts’ forecast.

Next research question | investigate to what extent investors are mislead by analysts forecasts. If investors use
analysts’ forecasts to estimate future benefits of R&D, they may be mislead by analysts’ underestimation of
future benefits of R&D. Hence, analysts’ underestimation might lead to mispricing of firms with heavy spending
in R&D.

3. Research Design
3.1 Revision in Analysts’ Forecasts and R&D Intensity

I first investigate whether analysts correctly estimate the future benefits associated with R&D-intensive firms.
Financial analysts are important source of information for investors. Gleason and Lee (2003) show that the price
adjustment process is faster and more complete for firms with greater analyst following. Brennan et al. (1993)
reports that stocks with greater analyst coverage react faster to market-wide common information. Hong et al.
(2000) find that returns to momentum-based investment strategies are higher for firms with low levels of analyst
coverage. Finally, Elgers et al. (2001) find that the price response to value relevant information in analyst
earnings forecasts is less complete for firms with lower levels of analyst coverage. These studies suggest that
financial markets heavily depend on the information provided by analysts.

When most of a firm’s assets are intangible the valuation is much more difficult than tangible assets, because
R&D expenditures are immediately expensed and balance sheet does not report R&D capital of the firms. Thus,
investors have to calculate the magnitude and profitability of R&D capital of the firm by themselves. Moreover,
reported earnings might be understated due to expensing of R&D expenditures. Consequently, investors’
dependence on analysts’ information is greater in intangible firms. Barth, Kasznik, McNichols (2001) suggest
that intangible intensive firms have more information asymmetry between managers and investors and more
uncertainty about firm value than other firms. They conclude that in the absence of private information
intermediaries, such as analysts, share price of high intangibles firms would be less precisely reflects
fundamental values.

Considering the investors’ dependence on analysts’ information in R&D-intensive firms, it is important to
investigate whether financial analyst correctly estimates future benefits associated with R&D-intensive firms. If
future excess returns to R&D are due to mispricing of R&D-intensive firms, then there are two possibilities for
analysts’ role in mispricing of these firms. The first possibility is that financial analysts underestimate the future
benefits associated with R&D and misguide investors when they form their expectations about future benefits
about R&D. Alternatively, analysts are correctly estimating the future benefits associated with R&D-intensive
firms, but investors do not use the information in analysts’ forecasts. To investigate these possibilities, I first
investigate whether analysts correctly estimate future benefits associated with R&D-intensive firms. If analysts
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underestimate future benefits associated with R&D-intensive firms, they will revise their estimates upwards in
following periods as they realize their underestimation. Thus, | observe an association between analysts’ revision
in following periods and R&D-intensity. On the other hand if analysts correctly estimate future benefits, | should
not observe any association between revision and R&D intensity. | estimate following models to explore these
conjectures.

REV 1., = ap + a,*RDEXP, + a,*LBM, + a,*LSIZE , + a,*LNUM, + ¢,., )
REV i =ay+ a;*RDCAP; + 0,*LBM , + a,*LSIZE ; + 0,*LNUM ; + &,4; 2
REV = LTG(t+1)+i _LTGt+l
t+i LTG

t+1

Where RDEXP; is R&D expense (Compustat item #46) divided by market value of equity at the end of fiscal
year t. Market value of equity is share price times number of shares outstanding from CRSP at the end of
December in year . RDCAP, is R&D capital divided by market value of equity at the end of fiscal year ¢. LTG +;
is consensus (mean) long term growth estimate in May of year ¢#+1. To ensure that financial information, such as
earnings and R&D expenditures, is available when analysts estimate long term growth, | use the consensus
analysts’ forecast in May of year t+1. LTG ,.; is consensus (mean) long term growth estimate in May of year
(¢+1)+i. Therefore, REV ,.; shows percentage revision in consensus analysts’ forecasts i year after the initial
forecast in May of year t+1. For example REV ,.; shows percentage revision in consensus analysts’ forecast in
May of 7+6 relative to initial long term growth estimate in May of ¢+1. Percentage revision in consensus
analysts’ forecasts is calculated for periods ranging from one to five years. A very important reason for me to use
long term growth estimate to measure the future benefits associated with R&D is that prior research documents
that the benefits associated with R&D investment is realized many years later (Lev & Sougiannis, 1996). IBES
states that financial analysts estimate long term growth in earnings for a period of three to five years. Therefore,
it is more appropriate to use long term earnings growth estimates rather than earnings to estimate future benefits
associated with R&D investment. Another important issue is that percentage revision is more appropriate than
actual revision in reflecting relative revision in analysts’ expectations.

Because a 1% revision in long term growth estimate for a firm with initial estimate of 4% would mean a 25%
revision relative to the initial estimate whereas it would only mean a 5% revision for a firm with initial long term
growth estimate of 20% (Note 1). Consistent with Lee, O’Brien and Sviramakrishnan (2004), | winsorize the
tails of the dependent variable in equation (1) at 1 %. LBM, in equations (1) and (2) is log of book-to-market
ratio. Book-to-market ratio is book value of equity (Compustat item # 60) at the end of fiscal year ¢ divided by
market value of equity. | include book-to-market ratio to control for value-glamour anomaly documented in prior
literature (Doukas et al., 2002). CLS suggest that high R&D expense to market value firms are past losers.
Therefore, it might be possible that these firms are value firms with high book-to-market ratio. Consistent with
value-glamour anomaly, | expect positive sign on LBM ,. LSIZE ,is log of market value of equity. We include
market value of equity consistent with Core et al. (2006). LNUM ,is log of number of analysts’ forecasts used in
calculation of consensus forecast. We add it to control for the information environment.

3.2 Analysts’ Forecasts Errors and Mispricing of R&D

In this section | investigate whether analysts’ long term forecast errors lead to mispricing of R&D. Specifically, |
investigate whether investors correctly estimate the relationship between R&D intensity and percentage revision
in consensus analysts’ forecasts. The Mishkin (1983) test was introduced to accounting literature by Sloan
(1996) and widely used in many studies. My estimation procedure in Mishkin (1983) test consists of three steps.
First, | estimate the association between percentage revision in consensus analysts’ forecast over five years, REV
~+5, and R&D intensity. Second, | estimate the association between R&D intensity and REV .5 implicit in stock
returns. Third, | compare the estimated coefficients from the above steps test whether market underestimates the
effect of R&D on future earnings. | estimate following model to estimate the relationship between R&D intensity
and REV,s.

REV;is = ap + a; RD, + & (3)

RD, is R&D intensity. In above equation is either RDEXP, or RDCAP,. In an efficient market all information is
immediately incorporated into price. Hence, returns will be related to only unexpected information.
Consequently, we assume that excess returns will be related to unexpected revision in analyst forecast, UREV ..
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AV RET,.5s=By+ B, UREV .5 + & 145 ()

AV _RET ;s is size and book to market average excess returns over years t+1 to t+5. Calculation of excess returns
is described in section 4.3. We can express unexpected revision as revision over t+5 mines expected revision at
time t.

UREYV .+5 = REV,,5s — Expectation at t of REV ;5 (5)
If we use equation (3) for expectation at t of REV .5, we get following equation.
AV _RET,.5 = By+B)(REV,.5— (Qg + O, RD)+ &415 (6)

al* in equation (6) shows the association between R&D intensity and percentage revision in consensus analysts’
forecast, REV,.5, implicit in prices. If investors correctly estimates the relationship between REV,.; and R&D
intensity, the coefficient estimate al* in equation (4) should be equal to «;, that in equation (3) and vice versa.

4. Data
4.1 Sample Characteristics

My sample covers all NYSE, AMEX and NASDAQ firms covered in COMPUSTAT, CRSP and IBES between
1981 and 2004. To include in my sample, | require each observations to have financial statement data available
in COMPUSTAT, return data in available in CRSP and long term growth estimates and realized long term
growth available in IBES. The sample starts from 1981 because analyst long term forecast are available in IBES
files after 1981. The last year in my sample is 2004 because | need 6 year-ahead return data to calculate
5-year-ahead returns. Financial statement data is obtained from COMPUSTAT, monthly return data from CRSP
and analyst long term growth estimates are obtained from IBES. | use market value of equity as deflator in
calculation of R&D expenditures to market value of equity. To eliminate the impact of small deflator, | deleted
the observations with market value of equity less than 100 million. To eliminate the impact of extreme
observations, | also delete observation with R&D to market value of equity greater than 500 % and book value
less than zero. This yields a final sample of 16,515 observations.

4.2 Descriptive Statistics for R&D and Non-R&D Firms

Table 1 presents descriptive statistics for R&D and non R&D firms. 42 % of my sample consists of R&D
firm-year observations. The mean book-to-market ratio for non-R&D firms is greater than R&D firms. This
suggests that R&D firms have better growth opportunities (Simith & Watts (1992)). The mean (median) market
value of equity for R&D firms 4,402 million (891 million) greater than 2,341 million (681 million) for non-R&D
firms. However, mean (median) total assets for R&D firms is 4,582 million (733 million) less than 6,788 million
(1,041 million) for non-R&D firms. This indicates that even though R&D firms have smaller tangible capital,
their market value is greater than non-R&D firms. This finding implies existence of intangible capital in
R&D-intensive firms. The mean (median) earnings-to-price ratio for R&D firms is 5.11% (5.55%) significantly
smaller than 6.50% (6.39) for non-R&D firms. This is because market value of equity for R&D firms is greater
non-R&D firms. However, mean (median) return on asset for R&D firms are 7.35% (7.30%) greater than 5.49%
non-R&D firms. This is because non-R&D firms have larger total assets than R&D firms. The mean (median)
R&D expenditures to market value of equity for R&D firms is 4.75 % (2.94%). The mean (median) R&D capital
to market value of equity is 10.67% (6.47%), more than twice that of R&D expenditures to market value of
equity. R&D capital is calculated by accumulating the unamortized portion of previous years’ R&D
expenditures. Amortization rates are obtained from Lev and Sougiannis (1996).

Analysts’ consensus long term growth estimates for R&D firms are more optimistic than non-R&D firms. The
mean (median) forecast error in long term growth estimates for R&D firms is -8.02% (7.18%) significantly more
negative than -6.27 % (-4.50%) for non-R&D firms. However, the mean (median) percentage revision in
analysts’ consensus long term growth estimates for R&D firms is -3.87% (-7.91%) not significantly different
from -3.66% (-9.09%) for non-R&D firms. This suggests analysts continue to hold high earnings growth
expectations for R&D firms even though their realized earnings growth turned out to be less than what they
expected.
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Table 1. Descriptive Statistics for R&D and non-R&D firms

Mean Median
Difference = R&D Difference = R&D
minus non-R&D minus non-R&D
Non-R&D R&D p-value of t-stat Non-R&D R&D p-value of Z-stat
R&D to market value of equity 0 0.0473  0.00 0 0.0293  0.00
R&D capital to market value of equity 0 0.1062  0.00 0 0.0647  0.00
Return on Asset 0.0549 0.0735  0.00 0.0466 0.0730  0.00
Earnings-to-Price 0.0650 0.0515 0.00 0.0640 0.0556  0.00
Book-to-market 0.5752 0.4861  0.00 0.5152 0.4209  0.00
Market value of equity 2341 4404 0.00 681 891 0.00
Earnings 133 214 0.00 40 42 0.00
R&D capital 0 349 0.00 0 55 0.00
R&D expenditures 0 156 0.00 0 25 0.00
Sales revenue 2359 3916 0.00 758 862 0.00
Total assets 6788 4583 0.00 1041 733 0.00
Long term growth estimate (L7G /) 14.11 16.44 0.00 13.10 14.40 0.00
Forecast error in long term growth -6.27 -8.02 0.00 -4.50 -7.18 0.00
estimates (FE,)
Percentage revision in analysts’ long term  -0.0366 -0.0387 0.76 -0.0909 -0.0791 0.13
growth estimates (REV,+s)
Number of analysts’ forecasts 6.45 7.54 0.00 5 6 0.00
Number of firm-year observations (N) 7,793 5,722

4.3 R&D Intensity and Future Excess Returns

In this section | investigate the relationship between R&D intensity and future excess returns. As discussed
above prior research documents that R&D expenditures generate future excess returns (Lev & Sougainnis, 1996;
Ciftci et al., 2011, Ciftci & Cready, 2011, etc.). | want to first verify this established result with our data. Panel A
of Table 2 reports 1 to 5-year-ahead size and book-to-market-adjusted excess returns for portfolios formed based
on R&D expenditures to market value of equity. The excess returns are size and book-to-market adjusted returns
calculated from May to April of next year using companion portfolio approach as in CLS. Following CLS each
firm in the sample is assigned to a companion portfolio based on its ranking by size and book-to-market. For the
companion portfolio, the book-to-market ratios are classified into five equal groups at the end of April each year;
the size breakpoints are determined by classifying the NYSE companies into five equal groups in April each
year. The group representing the smallest size is further divided into two equal groups. Thus, | have five groups
for the book-to-market ratio and six groups for size to determine the companion portfolio of book-to-market and
size that each company belongs. The monthly excess returns are then computed as the difference the firm’s
monthly returns minus the companion portfolio’s value-weighted monthly returns. The annual excess returns are
obtained by cumulating the monthly excess returns.

Since this study investigates the relation between long term growth estimate and future excess returns, | report
returns from first year after portfolio formation to until fifth year. The first column reports non-R&D firms.
Non-R&D firms generates excess returns of 1.6% over 5-year after portfolio formation (an average of 1% in first
3 years). This is slightly greater 0.26%, the average return over 3-years in CLS. However my sample is smaller
than CLS because | require each observation to have long term growth estimate and realized long term growth in
IBES files. The first portfolio, the lowest intensity of portfolio, does not generate future excess returns. However
the average annual excess returns over 5-year after portfolio formation in portfolios 2, 3 and 4 are significant and
positive. Moreover, the average annual future excess returns in fourth portfolio reached to the magnitude of 10%
(p-value<0.01). This finding is consistent with CLS, Chambers et al. (2002) and Lev and Sougiannis (1996)
suggesting that firms with high R&D expenditures to market value of equity generates future excess returns.
Panel B reports future excess returns for R&D capital to market value portfolios. The results are similar to those
in Panel A: Future excess returns are increasing with R&D intensity.

31



www.ccsenet.org/ibr International Business Research \ol. 5, No. 9; 2012

Table 2. Future Excess Returns to R&D Portfolios
PANEL A: Excess Returns for Portfolios Based on R&D Expenditures/MVE

Portfolios Based on R&D Expenditures / MVE

Years Following the Investment Date Non-R&D 5 3 2
Number of firms in the portfolio 7793 1425 1432 1439 1426

1 year ahead -0.0014 0.0273™ 0.0398™ 0.0967"" 0.1452™
2 years ahead 0.0077" 0.0047 0.0355™" 0.0574™" 0.1235""
3 years ahead 0.0256™" 0.0042 0.0275™ 0.0238" 0.0928""
4 years ahead 0.0233™ -0.0003 0.0318™ 0.0576™" 0.0555™"
5 years ahead 0.0258™ 0.0042 0.0297™ 0.0225" 0.0951™"
Average over 5 years 0.0162"" 0.0080 0.0323"" 0.0516™" 0.1024™"

PANEL B: Excess Returns for Portfolios Based on R&D Capital/MVE

Portfolios Based on R&D Capital / MVE

Years Following the Investment Date

1 2 3 4
Number of firms in the portfolio 1425 1433 1438 1426
1 year ahead 0.0114 0.0567"" 0.0819™" 0.1591""
2 years ahead -0.0071 0.0139 0.1007™" 0.1132™
3 years ahead 0.0010 0.0180 0.0454™ 0.0837™
4 years ahead -0.0056 0.0295™ 0.0540"" 0.0667""
5 years ahead 0.0003 0.0211" 0.0441™" 0.0859™"
Average over 5 years 0.0000 0.0278™" 0.0652"" 0.1017"

Note: ™, ™, " significantly different from zero at the 1%, 5%, and 10% level, respectively.

5. Results
5.1 R&D Intensity and Revision in Analysts’ Long Term Growth Estimates
5.1.1 Univariate Tests

Panel A of Table 3 reports percentage revision in analysts’ consensus forecast over i years, REV ,.;, and forecast
error, FE, for portfolios based on R&D expenditures to market value of equity. The percentage revision in
consensus analysts’ forecast after one year portfolio formation, REV ,.;, in the lowest R&D expense to market
value portfolio, portfolio 1, is -1.30%, whereas it is 1.13% in portfolio 4, the highest R&D intensity portfolio.
The difference in mean value of REV,.; between portfolios 1 and 4 is 2.43 %. The difference in mean value of
REV,.,between these portfolios increases to 6.15%. Finally, the difference between these two portfolios in mean
value of REV,.;, revision in fifth year, increases to 9.89%. This finding suggest that even though analysts revise
their long term growth estimates downward in portfolio 1 after their initial estimate, they revise their estimates
upward in portfolio 4. Even though, as shown in Table 1, there is no significant difference in the mean value of
REV,.s between R&D and non-R&D firms for all R&D firms, the mean value of REV . in portfolio 4 is greater
than non-R&D firms. Moreover, the mean value of REV,. 5 in portfolio 1 is smaller than non-R&D firms.

More interestingly, the mean consensus analysts’ long term growth forecast is around 16%; approximately
similar for both portfolios 1 and 4. However, the mean value of realized long term earnings growth for portfolio
1 is 5.61% whereas it is 11.57% for portfolio 4. This result suggest that even though analysts’ expect similar
long term growth for the highest and lowest R&D intensity portfolios, the realized long term growth is much
smaller in the lowest one.

Panel B of Table 3 reports results for portfolios based on R&D capital to market value of equity. The results are
even stronger for R&D capital to market value of equity portfolios. Overall, the results in Table 3 suggest that
analysts overestimate the long term earnings growth in low R&D intensity portfolio but underestimate it in high
R&D intensity portfolio. However, the book-to-market ratio in portfolio 4 of both R&D expenditures to market
value of equity and R&D capital to market value of equity is around 0.64 much higher than 0.40 that in portfolio
1. This indicates that high R&D intensity portfolios have high book-to-market ratio. Therefore, the above
findings might be due to well-documented value-glamour anomaly. Moreover, market value of equity in the
fourth portfolio is only 2,824 million compared to 5,607 million in first portfolio. Thus, 1 cannot make
unambiguous conclusions without controlling book-to-market and size.
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Table 3. Long Term Forecast Errors for R&D Portfolios
PANEL A: Descriptive Statistics for R&D Expenditures to Market Value Portfolios

Portfolios Based on R&D Expenditures / MVE

Non-R&D
2 3 4

R&D to market value of equity 0 0.0079 0.0214 0.0421 0.1181
R&D capital to market value of equity 0 0.0185 0.0496 0.0976 0.2594
Long term growth estimate (LTG,-,) 14.12 16.43 16.52 16.64 16.16
Forecast error in analysts” long term growth estimates (FE ) -6.27 -10.82 -9.53 -7.14 -4.60
Realized growth in earnings 7.85 5.61 6.99 9.50 11.57
(REV:5) -0.0366 -0.0857 -0.0532 -0.0284 0.0133
(REV114) -0.0232 -0.0685 -0.0552 -0.0205 0.0240
(REV:3) -0.0093 -0.0537 -0.0377 -0.0127 0.0208
(REV12) -0.0035 -0.0394 -0.0164 -0.0155 0.0221
(REV:+1) 0.0123 -0.0130 -0.0097 -0.0077 0.0113
Market value of equity 2341 5191 5162 4433 2824
Book-to-market ratio 0.58 0.41 0.42 0.47 0.64
Number of analysts’ forecasts 6.45 7.45 7.64 7.80 7.27

PANEL A: Descriptive Statistics for R&D Capital to Market Value Portfolios

Portfolios Based on R&D Capital / MVE

1 2 3 4

R&D to market value of equity 0.0085 0.0223 0.0431 0.1156
R&D capital to market value of equity 0.0172 0.0472 0.0949 0.2658
Long term growth estimate (LTG ,+;) 17.04 16.90 16.48 15.33
Forecast error in analysts” long term growth estimates (FE ) -11.41 -9.55 -7.37 -3.77
Realized growth in earnings 5.63 7.35 9.12 11.56
(REV,:5) -0.1011 -0.0498 -0.0277 0.0246
(REV114) -0.0841 -0.0479 -0.0252 0.0369
(REV1:3) -0.0633 -0.0408 -0.0114 0.0321
(REV:2) -0.0464 -0.0235 -0.0062 0.0268
(REV:+1) -0.0193 -0.0125 0.0003 0.0123
Market value of equity 5304 4658 4545 3107
Book-to-market ratio 0.40 0.42 0.48 0.65
Number of analysts' forecasts 7.55 7.44 7.61 7.56

5.2 Regressions Results for the Relationship between R&D

Panel A of Table 4 reports regression results of equation (1) where percentage revision in consensus analyst
forecast is regressed on R&D expenditures to market value of equity and control variables. The standard errors
are corrected for heteroscedasticity and autocorrelation based on Huber-White procedure (Petersen, 2009). The
first column reports regression results when the dependent variable is REV,.;, the percentage revision in
consensus analysts’ forecast one year after portfolio formation. The coefficient estimate of RDEXP, is
insignificant, suggesting that there is not significant relationship between R&D intensity and analysts’ forecast
revision in first year after portfolio formation. The intercept is also insignificant indicating that there is no
significant revision for non-R&D firms as well. The second column reports regression results when the
dependent variable is REV,.,. The coefficient estimate of RDEXP, is 0.2107 (p-value < 0.01). If a firm has 10%
of R&D expenditures to market value of equity, the REV ., for that firm would be 2.1% (= 0.2107 * 0.10) higher
than that for non-R&D firms. This finding is consistent the results in Table 3 indicating that revision analysts’
long term growth estimates increases with R&D intensity. The results here indicates that financial analysts
underestimate long term growth in earnings in high R&D firms and correct their underestimation starting with
two years after their initial forecasts. The intercept is negative -0.0569 (p-value < 0.01), indicating analysts
revise downward their long term growth estimates for non-R&D firms. The t-value of LBM, is 12.26, suggesting
that the strongest explanatory variable in the regression is log of book-to-market ratio, underlining the
importance of book-to-market effect. The results are consistent with value-growth anomaly documented in prior
studies (Doukas et al., 2002). The log of market value of equity, LSIZE, is positive and significant suggesting
that analyst forecast revision is less negative for larger firms. The log of number of analyst forecasts, LNUM,, is
negative and significant.
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The next three columns reports regression results where the dependent variables are REV,.;, REV,., and REV ;5
respectively. The coefficient estimates for RDEXP, are 0.2588, 0.3288 and 0.3587 respectively and all of them
are significant at 1%. These results indicates that the association between R&D intensity RDEXP, and the
percentage revision in consensus analysts’ long term growth estimates increase as revision period increase. The
percentage revision over 3-year period is greater than 2-year period and 4-year period is greater than 3-year
period. Finally, the revision over 5-year period is only slightly greater than 4-year period suggesting that most of
the revision is realized in first four years and there is relatively small revision in the fifth year.

Panel B reports regression results where | measure R&D intensity with R&D capital to market value of equity,
RDCAP,. Similar to Panel A, starting from second year there is a positive association between RDCAP, and
percentage revision in analysts’ forecast. Moreover, the t-value value of RDCAP; is greater than that of RDEXP,
in Panel A of Table 4, suggesting that the association between R&D intensity and percentage revision in
analysts’ forecast long term growth estimates is stronger when | measure R&D intensity of firms with R&D
capital.

In untabulated results here, | replicate the above regression by using ranks of variables instead of actual
variables. | assign the both dependent and independent variables in equation (1) and (2) into quartiles. The
results are similar to those of Table 4. There is a positive association between R&D intensity and percentage
revision in analysts’ long term growth estimates regardless of whether | measure R&D intensity with R&D
capital to market value of equity or with R&D expenditures to market value of equity. Moreover, the positive
association between R&D intensity and percentage analyst forecast revision is realized starting from 1-year after
portfolio formation and continues until 5-year.

Table 4. Regression of R&D on Revision on Long Term Growth Estimates

PANEL A: Regression of REVy; on R&D Expenditures to Market Value of Equity (Equation (1))

REV+ REV,:» REV,:5 REV 4 REV:5
Dependent V. Coefficient Coefficient Coefficient Coefficient Coefficient
Estimate tvalue Estimate tvalue Estimate tvalue Estimate tvalue Estimate tvalue
Intercept -0.0042 -0.20 -0.0569 449" -0.0691 -4.19™ -0.0761 -3.95™  -0.0653 -3.04™
RDEXP, 0.0372 0.66 0.2107 352" 0.2588 3.82™ 0.3288 415™" 0.3579 351"
LBM, 0.0400 3.96™ 0.0535 12.26™  0.0796 14117 0.1000 15.94™  0.1167 16.83™
LSIZE, 0.0199 6.177" 0.0259 10.15™  0.0318 9.59™ 0.0344 8.86™" 0.0321 7.427
LNUM, -0.0569 -4.00™"  -0.0534 -4.52""  -0.0620 -9.81™ -0.0667 9.0 -0.0627 -7.747
R? 0.0040 0.0279 0.0395 0.0499 0.0559
PANEL B: Regression Results with R&D Capital to Market Value of Equity (Equation (2))
REV 1, REV 1., REV ;15 REV 14 REV ;.5
Dependent V. Coefficient Coefficient Coefficient Coefficient Coefficient t-value
Estimate tvalue Estimate tvalue Estimate tvalue Estimate tvalue Estimate
Intercept -0.0108 -0.52 -0.0587 -4.65™  -0.0716 435" -0.0793 4117 -0.0691 -3.21™
RDCAP, 0.0324 1.11 0.1305 447 0.1669 481"  0.2097 558™  0.2338 5417
LBM, 0.0346 339"  0.0525 11.92™  0.0782 13.75™  0.0984 1555 0.1148 16.43™
LSIZE, 0.0196 5.86™"  0.0259 10.15™  0.0318 9.59™  0.0345 8.86™"  0.0322 7427
LNUM, -0.0553 -3.76™  -0.0538 -10.377"  -0.0626 -9.90™  -0.0675 -9.10™  -0.0636 -7.84™
R? 0.0040 0.0290 0.0409 0.0518 0.0581

Notes: This table reports the estimation results of following equations: REV ,+; = ay + o;*RDEXP, + 0,*LBM , + a,*LSIZE, + 0,*LNUM , +
&iy REV (v = 0 + a;*RDCAP; + 0,*LBM ; + a,*LSIZE ; + a, *LNUM , + &;+;.

5.3 Analysts’ Forecasts Errors and Mispricing of R&D

In this section | present the estimation results of Miskin test from equation (3) and (4). The estimation results
with R&D expenditures to market value of equity, RDEXP,, are in Panel A of Table 5. The coefficient estimate
of a; in forecasting equation is 0.4804 (p-value < 0.01), indicating that there is a positive relationship between
R&D expenditures to market value of equity and REV,. 5. However, the coefficient estimate of al* in valuation
equation is -5.3040 (p-value < 0.01), suggesting that investors price R&D as if there is negative relationship
between R&D intensity and REV,.;. Moreover, the difference between a; and al* is statistically significant
(p-value<0.01) (Note 2). The estimation results are similar with R&D capital to market value, RDCAP,, in Panel
B of Table 5. Investors underestimate the relationship between R&D intensity and percentage revision in
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consensus analysts’ forecast, REV,,s. Overall, the results in Table 5 suggest that analysts underestimate the
future benefits of R&D but investors are not aware of this underestimation and use these biased estimates in
forming their expectations about future benefits of R&D. Hence, mispricing of R&D might be affected from the
bias in analysts’ forecasts about R&D.

Table 5. Mishkin Test Results
PANEL A: Estimation with R&D Expenditures to Market Value of Equity (RDEXPy)

a; Bn B/ 0[0 al
Coefficient Estimate 0.4804 0.0142 0.0394 -4.8671 -5.3040
t-value 7.54™ 1.72" 6.21™ -6.03™ -9.66™"

Test of market Efficiency: a; = al*
Likelihood Ratio statistic = 174.78 (p-value < 0.01)
PANEL B: Estimation with R&D Capital to Market Value of Equity (RDCAP,)

[49] B() B/ Ofo al
Coefficient Estimate 0.3002 0.0165 0.0422 -3.7021 -2.28
t-value 16.88™" 1.85" 7.63™ 475 -8.97

Test of market Efficiency: a; = a;
Likelihood Ratio statistic = 158.00 (p-value<0.01)

Note: ™, ™, " significantly different from zero at the 1%, 5%, and 10% level, respectively. The above tables report the estimation results of
following equations: REV .5 = ay + oy RD, + &; AV _RET,.s = By+B,(REV,:5s — (X, + af RD))+ &.5.

6. Conclusion

This paper investigates whether future excess returns to R&D-intensive firms documented in prior literature is
due to mispricing of R&D expenditures or compensation for additional risk associated with R&D expenditures. |
investigate revision in analysts’ long term growth estimates for R&D-intensive firms because investors heavily
depend on analysts’ information for these firms (Barth et al., 2001). Hence, analysts’ bias about future benefits
of R&D might lead to investor bias. | find that analysts underestimate earnings long term growth for
R&D-intensive firms and correct their underestimation in the following years. | also find that investors do not
correct analysts’ underestimation of future benefits of R&D. This result suggests that mispricing of R&D might
be due to analysts’ bias in estimating future benefits of R&D. The findings in this paper, together with the results
of prior studies, indicate that future excess returns to R&D are due to both mispricing and higher risk associated
with R&D. Hence, greater risk associated with R&D is not the only underlying reason for the excess returns.

In this study we focus on revision in analyst forecast. However, given the great level of uncertainty regarding
R&D investment, it could be interesting to see whether the

dispersion in analysts’ forecasts changes through the years. Ciftci et al. (2011) document that dispersion in
analyst forecast for high industry-adjusted R&D capital to sales group is greater than low group. Moreover, they
show that high industry adjusted R&D to sales group generates larger excess returns compared to low group
even after controlling for dispersion in analyst forecast. Hence, their results suggest that future excess returns
cannot be attributable solely to dispersion. However, they do not investigate whether dispersion in analysts’
forecast decreases or increases in subsequent years. Hence, it might be interesting to investigate the issue in
future research.
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