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Abstract

We examine whether sample selection bias explains the difference in returns between
‘value’ stocks (high book-to-market ratios) and ‘glamour’ stocks (low book-to-market
ratios). Selection bias on Compustat is not a severe problem: for CRSP primary domestic
firms, the proportion missing from Compustat is not large and the average return is not
very different from the Compustat sample. Mechanical problems with matching Cusip
identifiers account for much of the discrepancy between CRSP and Compustat. The
superior performance of value stocks is confirmed for the top quintile of NYSE-Amex
stocks, using a sample free from selection bias.

Key words: Selection bias; Anomalies; Book-to-market ratio; Matching CRSP and
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1. Introduction

Recent research shows that stock-specific fundamental attributes that incor-
porate accounting data can predict the cross-section of stock returns. An
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incomplete list of such variables includes the earnings—price ratio (Basu, 1977;
Jaffe, Keim, and Westerfield, 1989), the cash-flow-to-price ratio (Chan, Hamao,
and Lakonishok, 1991), and the book-to-market ratio (Rosenberg, Reid, and
Lanstein, 1985; Fama and French, 1992). Stocks that seem to be cheap on the
basis of one or more of these attributes (‘value’ stocks) earn substantially higher
returns than expensive ‘glamour’ stocks.

The difference between the returns of value and glamour stocks, however,
does not necessarily contradict the efficient market hypothesis. In particular,
three explanations have been proposed to reconcile the efficient market hypoth-
esis with the predictive power of fundamental attributes. The first line of
argument, offered by Fama and French (1993, 1994), suggests that the extra
return to value stocks is simply compensation for their higher risk. A second
explanation, mentioned by Black (1993) in a more general context, is that
many supposed anomalies are simply the end results of an extensive, collective
data-snooping exercise (see also MacKinlay, 1995). The third explanation,
raised by Kothari, Shanken, and Sloan (1995), is that the results are spurious
and are instead induced by data selection biases. A diametrically opposite
viewpoint to all three explanations, offered in Lakonishok, Shleifer, and Vishny
(1994), is that the difference in the returns of value versus glamour stocks
stems from investors’ judgmental biases and agency problems in institutional
investing.

The potential for selection bias has prompted a great deal of recent research.
Breen and Korajczyk (1994) and Kothari, Shanken, and Sloan (1995) suggest
that selection bias has a serious effect when Compustat data are used. LaPorta
(1994) argues that the higher returns to value stocks persists after adjusting for
any selection bias on Compustat. Davis (1994), using data collected from the
Moody’s Manuals, finds that the predictive ability of fundamental variables is
also present in the pre-Compustat era. In a related context, Brown, Goetzmann,
Ibbotson, and Ross (1992) study the effect of survivorship bias on mutual fund
performance evaluation.

This paper presents evidence on the effect of possible data selection biases, in
the context of the differential performance of value versus glamour stocks. We
single out this potential explanation, since the possible existence of such bias has
far-reaching implications for a wide range of empirical studies. The crux of the
issue is the necessity of matching two databases, the Stock file from the Center
for Research in Security Prices (CRSP) at the University of Chicago and the
Compustat file, neither of which was designed for the purposes of cross-refer-
encing with the other. Yet many research questions require that this task be
performed. Kothari, Shanken, and Sloan (1995) report that over the 1963-89
period, 27 percent of the CRSP company-year observations cannot be found on
Compustat, highlighting the difficulty in obtaining a good match between the
two data sources. The apparent size of the discrepancy between CRSP and
Compustat reported by Kothari, Shanken, and Sloan (1995) raises the alarming
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possibility that the missing observations represent a potentially severe source of
bias. The existence of such bias would affect the extensive body of empirical
research that relates stock returns to accounting data, and call into question the
inferences of numerous studies in the accounting, economics, and finance litera-
ture. We explore in detail why missing observations arise when the CRSP and
Compustat files are matched, and we analyze whether these missing observa-
tions are likely to be a source of selection bias.

Our main findings are as follows. Selection bias in the Compustat data due to
back-filling is generally not as severe a problem as some might fear. The
standard procedure of mechanically matching all NYSE-Amex firms on the
CRSP and Compustat files based on Cusip identifiers indicates that 14.8 percent
of the CRSP company-years are missing from Compustat over the 1968-92
period. Closer examination suggests that the relevant intersection between
CRSP and Compustat is the set of domestic primary companies — after exclud-
ing closed-end funds, REITs and trusts, ADRs, and foreign companies, the
proportion missing from Compustat is only 9.6 percent. Our explanation for
much of the remaining apparent discrepancy between CRSP and Compustat
rests on differences in the way that the two data sources handle changes in Cusip
identifiers. In the final analysis, at most 3.1 percent of the CRSP company-years
can be broadly interpreted as representing financially distressed companies that
were eventually delisted, and which are omitted from Compustat.

As further evidence against the importance of selection bias, the returns on
NYSE-Amex domestic primary companies (13.99 percent per year) are only
slightly different from the returns on corresponding firms with Compustat data
(14.25 percent per year). To resolve any lingering concerns about selection bias,
we provide direct evidence by focusing on the largest 20 percent by market
capitalization of NYSE-Amex domestic primary companies. This quintile repre-
sents 86 percent of the value of exchange-listed stocks in 1991. We obtain data
on book value for these companies from Compustat when available; otherwise,
we hand-collect data for the omitted firms. Compared to the companies located
on Compustat, the omitted firms have relatively higher book-to-market ratios,
but they also earn higher returns. When the omitted firms are pooled with the
companies on Compustat, the spread in returns between the portfolios with high
and low book-to-market ratios remains essentially unchanged at 5.1 percent,
contrary to the implications of the selection bias hypothesis.

The paper is organized as follows. Section 2 explores the reasons why
discrepancies between CRSP and Compustat arise when companies are match-
ed across the two data sets using their latest Cusip identifiers, and whether the
omissions contribute to selection bias. Section 3 quantifies the number of
missing firm-year observations and their returns. Section 4 directly investigates
the effect of sample selection bias on portfolio returns for an important subset of
the CRSP sample by collecting data on book value of equity for the largest
companies that are missing from Compustat. Section 5 concludes.
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2. Reasons for discrepancies in matching the CRSP and Compustat files

Before charges of serious selection bias can be brought against Compustat, it
is important to consider why it may not be possible to pair a company’s returns
data on CRSP with its accounting data on Compustat. Since each company is
uniquely identified on CRSP by its Cusip number and on Compustat by its
CNUM identifier (the first six alpha-numeric characters of the Cusip), it is
standard practice to match the two files on the basis of Cusip numbers.
However, the Cusip (and hence, CNUM) identifiers change continually. These
changes are occasioned by events as innocuous as changes in the company’s
name, Or as major as corporate restructurings and mergers.

In the event of a change in a Cusip, a decision has to be made as to whether
the company remains substantially unaltered (in which case the record for the
former Cusip will be assimilated with the record for the new Cusip) or whether
a new entity has been created (in which case the record for the old Cusip ends
and a record for the new Cusip starts). The heart of the problem is that since
CRSP and Compustat make their decisions independently, there are many cases
where they come to different conclusions as to whether a new entity (and hence
a new record) is created at the time of a change in the Cusip number.

In general, when a Cusip changes, Compustat has a tendency to append the old
company’s information to the new, whereas CRSP creates a fresh record for the
company’s returns. Their choices reflect a difference on the basic unit of analysis in
the two databases: CRSP focuses on each equity issue, while Compustat concen-
trates more on the company as a whole. Thus, there is a stronger motive for
Compustat to maintain continuity despite changes in the Cusip number.

The difference in treatment of Cusip changes can be illustrated with several
cases. The first case concerns mergers. Suppose two companies (with Cusip
identifiers Cusipl and Cusip2) merge to form company Cusip3. In many instan-
ces, CRSP will treat each of these companies as separate entities, with returns
data for each Cusip. Accordingly, the records for Cusipl and Cusip2 end with
the merger and the record for Cusip3 begins (see Fig. 1a). Compustat, on the
other hand, tries to identify the dominant firm in each business combination,
and will carry the dominant firm’s data along with the new firm under the new
Cusip. Assuming that Cusipl is the dominant firm, the data on Compustat will
be organized as follows (see Fig. 1b): the data for Cusip1 will be appended to the
data for Cusip3; since Compustat does not carry a firm’s history of past Cusips,
there is no identification of the prior existence of Cusipl. The data for the
smaller company, Cusip2, are either moved to the Compustat Research file, or, if
the company continues to provide statements after the merger, they may
continue to be reported separately as a subsidiary.

Under the standard method of matching CRSP and Compustat, the result
is that no data at all can be located on Compustat for company Cusipl;
accounting data can be recovered for companies Cusip2, and Cusip3 after its
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CUSIP1
COMPANYA — "% .

CUsIP3
» COMPANY C

COMPANY B >
CusiP2

(a) Treatment on CRSP of merger between Company A (Cusip1) and Company B (Cusip2) to form
Company C (Cusip3). Data are carried under each Cusip.

COMPANY A CUEIP:! CUSIP3 —» COMPANY C
(DOMINANT)
COMPANY B >

cusIP2

(b) Treatment on Compustat of merger between dominant firm Company A (Cusipt) and Company B
(Cusip2) to form Company C (Cusip3). Data for Company A are assimilated with data for Company C
under Cusip3.

Fig. 1. Illustration of difference in treatment by CRSP and by Compustat of a change in Cusip due
to a merger.

inception. Specific examples of companies located on CRSP but not on Com-
pustat (because of mergers), corresponding to the Cusipl cases above, include
Baker International Corp., Connecticut General Corp., Richardson Merrell
Inc., and Wachovia Corp.

CRSP and Compustat also diverge in their handling of companies that are
taken private and then later go public again. Such a company would typically be
carried twice on CRSP — once under its old Cusip (say Cusip1) and again when it
is a public company (Cusip2). Since Compustat tends to treat the company in its
two incarnations as being the same firm, the data for Cusip1 will be transferred
back from the Research file and carried along with the information on the new
firm under Cusip2. Again, the data for Cusipl on CRSP will not be found on
Compustat under its corresponding CNUM. Beckman Instruments, Colt Indus-
tries, Federated Department Stores, Marathon Oil, Owens Illinois, and Safeway
are examples of companies whose earlier Cusips are not located on Compustat
for this reason. A similar matching problem arises when a company is reor-
ganized under a new Cusip.
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The upshot of the above discussion is that purely technical reasons, rather
than ex post sample selection, can result in discrepancies between the CRSP and
Compustat databases. The required accounting information is, nonetheless,
actually available on Compustat, although its retrieval requires knowing more
than just a company’s latest Cusip number. More importantly, it is not clear that
these omissions from Compustat induce any bias. While it is true that com-
panies that change their Cusip numbers include those undergoing reorganiza-
tion or financial distress, the companies changing Cusips also include those
undergoing buyouts and experiencing large takeover premiums. As we show in
the next section, a large fraction of the CRSP company-years not located on
Compustat can be accounted for by these mechanical matching problems, so the
omissions from Compustat represent a far less ominous problem than may first
appear.

Problems with Cusip changes aside, a security issue may not be found on
Compustat because Compustat’s scope of coverage differs by choice from
CRSP’s. CRSP’s coverage includes nonprimary securities such as REITs,
closed-end funds, and units such as Primes and Scores, as well as foreign stocks
and ADRs. Compustat’s coverage of such issues is much less complete, by
design. This is not generally a serious shortcoming, given that the intended focus
in most studies is on domestic primary equities. In any event, their exclusion
does not induce any selection bias.

On a more mundane level, firms may not be matched across the two
databases simply because of timing differences between the two files. In particu-
lar, the Compustat tape has a later cut-off date than the same year’s CRSP tape.
Some companies may undergo changes in the interim, hence their Cusips as of
December on CRSP do not match the latest company number assigned to them
on Compustat. Examples of companies not matched from the 1992 CRSP tape
as a result of the timing difference include Borg Warner Corp., Broad Corp.,
Communications Satellite Corp., Consolidated Rail Corp., LTV Corp., Martin
Marietta Corp., Navistar International, and Waste Management Inc. (Note that
in a given year the effects of nonmatches due to Cusip changes, as well as the
timing difference, extend back to prior years. Once CRSP and Compustat
diverge in their handling of a change in Cusip for a firm, for instance, all prior
years of Compustat data for the firm will go missing.)

A final, and potentially more troublesome, reason for a company on CRSP
lacking accounting data is that in the earlier years Compustat did not cover all
the NYSE-Amex stocks on CRSP. The limited size of the original Compustat
universe does not itself create bias. An implementable trading strategy could still
be designed, based on this smaller set of firms. Whether the results from the
original, limited sample can be extended to the population at large is another
question. Instead, the source of the selection bias is the practice, followed by
Compustat during its expansion phase, of broadening its coverage. Typically,
firms were newly introduced into the file with up to five years of past data. This
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procedure of retroactively back-filling the data introduced a bias because the
companies that were newly added tended to be companies with better perfor-
mance. The companies that Compustat chose to add in 1970, for instance, were
probably among the largest companies at that time not yet covered. On the
other hand, companies that had been large, but declined due to poor perfor-
mance, would not have been added; in the extreme, companies no longer
surviving at that time would not have been introduced to the file.

The back-filling of data in the Compustat sample does not necessarily bias
returns upwards for the entire period. Our discussions with officials at Compu-
stat suggest that their coverage of NYSE-Amex stocks was virtually complete
by the late 1970s, to make a conservative estimate. As the set of NYSE-Amex
firms covered by Compustat converges over time with the NYSE-Amex popula-
tion, firms retroactively added to the file increasingly tend to be smaller com-
panies not previously covered. In the more recent years, therefore, those firms
that had been overlooked by Compustat, and whose data were back-filled,
would tend to be companies with relatively poor performance.

A serious form of survivorship bias would also be introduced if the Compus-
tat Research file were not used,! or if the transfer of delisted firms to the
Research file was, for some reason, incomplete. The latter possibility, however,
does not appear to be the case. Discussions with Compustat officials and our
own checks indicate that companies in the Compustat universe that are delisted
(and not subsequently reactivated) are indeed transferred to the Research file.

3. Matching the CRSP and Compustat files
3.1. The mystery of the missing firm-year observations

This section evaluates the extent to which firms on the CRSP New York and
American Stock Exchange file can be matched on the Compustat file, using the
firm’s Cusip number as the matching key. We use the Primary, Supplementary,
Tertiary, Full Coverage, and Research files for Compustat (current and back-
data). The versions of the CRSP and Compustat files end with 1992 data. In
light of the discussion in the previous section, a failure to match a company
across the two files reflects mechanical problems as well as perhaps more serious
selection biases. Therefore, the intent here is to provide an accurate count of the
number of missing observations and thereby narrow the source of any potential
bias.

Table 1 reports the number of stocks in the CRSP universe as of the end of
June each year. The number of stocks increases from 2,070 in 1963 to 2,821 in

! This point was raised by Banz and Breen (1986).



L.K.C. Chan et al. |Journal of Financial Economics 38 (1995} 269-296

276

SPO'T §107 SPET Ll T9€°C €847 IL61

£€8l 18T €87°C Ll 00£°C 96£T 0L61
£v9°l $T91 981°C L1 £02°C LLTT 6961
9Lyl 09v'1 SIIT 91 1€1°T 97TT 8961
¥9T1 8¥T'1 141%4 S1 6217 0127 L961
VLL S9L ¥60'T S1 6017 y81°C 9961
(44 £19 1807 4! $60°T L91°T $961
19¢ 399 v£0'T 14! 8¥0°T 611°C $961
9t6 626 £66'1 4! L00T 0L0C £961
1esndwo)) uo (pa1snipe)
jeysndwo) uo anfea jooq yum dSyD uo paynuspI A[jestueydsw dsy¥D uo
onjeA J0ooq yim Krewzd onsowop A1ewnd onsawop jou spunj pue Areunud onssuiop dSyD uo
XWY-4SAN IV XWy-dSAN Xawy-4SAN sanssl ssep-fen(g Xuy-4SAN XaWy-dSAN 1B3X

03] ) =)= ¥) (€ @ (1

7eisndwio)) uo anjea yooq 1oy Blep yum (Arewiduou pue K1ewid) suuyg xawy-gSAN dS¥)D JO Jaquinu 2y3 szodal [ uwinjo)) ‘UONEBULIO)
orjopiod 01 Joud A1enigs,j jo se papus 182A [BISY JU3931 1sow YY) Joj 1 an[eA yoogq 1eysndwo)) pue 4§y uo sorwedwos yorew o3 szaquinu disn) Suisn
(09 way erep) jeIsndwo)) uo K1mbs owwod Jo anjea Yooq Ioj erep yim suiiy A1ewd snsswop xswy-gSAN dSAD Jo faqunu ayp syodai g uwnjo)
‘p uwn|[od ut pariodal s1 payiiuap! 9SIMIAYIO 10U SpUN) Pus-paso[d pue sanssi s[dijnw I9[jewWs Jo J2qUINU Y |, ‘PAIoPISU0d s1 uonezifended 1axiew 15331%|
3y} yim ansst oy} A[Uo ‘saIeys JO sasse]d Aydnnu yim sway gy 104 6669 PUB £7/9 U3DMII] SIPOd DIS YIm SWIY Pue “g M sy} apisino paerodiooul
soluedwod pue sY(y ‘(SIsnil pue ‘sjun ‘spunj pus-paso[o) sansst Arewiiduou Jje sapnpxa £ uwnjo) ‘JSYD UO elep aqeesr yum sarwedwod
xowry-gS AN Jo Jaquinu 31 syrodar 7 uwmn|o)) ‘pauodar st jeysnduio)) 10 JSYD U0 eep yim satuedwos 2[qifife jo 1aqunu ay) ‘1eak Yora (¢ sunf Jo sy

7661-£961 “1eIsndwo) uo pue JSYD U0 BIEP YIm SULIY JO IaqUINN
I 2qeL



277

LK.C. Chan et al. [Journal of Financial Economics 38 (1995) 269-296

£0€'€S 18%°0S 868°6S 6bL L0996 99579 6-8961
LSTY 801 91£01 [ 88¢€°01 0sL°01 L9-€961

eoL
SET 101°C L¥1T 9 117 128'C 7661
6£7°T 010°C L90T 8¢ STIT ¥L9°C 1661
681°C 6561 020'C 9 9L0'C 919°C 0661
€617 £96°1 L£0'T £ 060°T 635°C 6861
ASara €661 8L0'T 96 PEIT £L8°T 8861
6€1°C 756°1 0907 99 SIIT 6bv'T L861
750°C ST61 90T 9 60T 61€T 9861
690°T 661 180°C 8¢ 611°C T0£°T $861
001°C 686°1 £E1°T I€ 91T SEET 861
860°C £00°C 8P1°C w 0LI'T LTET £861
1€1°C 620°C L81T 0z LOTT 69€°C 7861
1€1°C 1€0°C v61°C Ll 17t 18€'T 1861
91T $$0'T 8TTC L1 SHL'T £0t'T 0861
061°C L60'T 6L7°T 91 S62°T 19%'C 6L61
(\ zare 61T LEET 61 96€°T LTST 8L61
9TET 97T 1Z¥'T 61 vyt ¥19°C LL6Y
STET 8€T°T 9EPT 61 SSH'T 7697 9L61
£5€°C 96T £LV'T 61 6v°T 189'C SL6T
9€€'T 96T 978'T 0z 9b5°T £ELT bL6T
90€£°T 6€7°C 6¥S°T 61 8967 9€LT £L61
681°C 91T 8PT 81 00$°T 9T 7L61



278 L.K.C. Chan et al. [Journal of Financial Economics 38 (1995) 269-296

1992 (see column 2). In terms of firm-years, there are 10,750 observations in the
1963-67 period and 62,566 observations in the 1968-92 period. These data serve
as the starting point for numerous empirical studies. The next step is to find
accounting data on Compustat corresponding to these firm-years. To take only
a handful of examples, Compustat data on earnings have been used in studies of
the drift in stock returns following earnings announcements (Bernard and
Thomas, 1990), while Ou and Penman (1989) and Holthausen and Larcker
(1992) examine the predictability of returns using financial statement analysis.
One line of research that has captured much attention relates stock returns to
book-to-market ratios (Fama and French, 1992; Lakonishok, Shleifer, and
Vishny, 1994). To sharpen the discussion, we focus on those companies that have
data on Compustat for the book value of common equity. As we show later,
however, a firm with data on book value from Compustat will, with very high
probability, have data on other key financial statement items as well.

We match companies on CRSP and Compustat using their latest Cusip
numbers. As a further precaution, we check a company’s history of past Cusips
on CRSP to see if a match can be obtained in this manner. We also require
companies to have data on book value of common equity (Compustat annual
data item number 60). In aligning the returns and accounting data, we assume
a four-month delay between the end of the fiscal year and the publication of
accounting data. This procedure yields a total of 4,157 company-year observa-
tions over 1963-67 and 53,303 observations over 1968-92 on Compustat
(column 7). Admittedly, the coverage of Compustat is sketchy in the
years preceding 1968. What is more distressing, however, is that in the more
recent 1968-92 period as many as 9,263 company-years, representing 14.8
percent of the available CRSP company-years, appear to be missing from
Compustat.?

This count, however, overstates the number of CRSP company-years not
found on Compustat. One clue to the mystery of the missing company-years is
that, as noted earlier, the two data sources differ by choice on the coverage of
nonprimary and nondomestic issues. Regardless of whether or not Compustat
carries financial data for these companies, there are several reasons for excluding
them from the sample in studies relating returns to accounting fundamentals.
REITs and closed-end funds have very different accounting and operating
characteristics, compared with other stocks. ADRs report financial data based
on accounting standards in their home countries, which are not necessarily
compatible with U.S. accounting standards. More generally, the returns on
nondomestic issues are likely to be influenced by factors extraneous to the U.S.
market.

*The proportion of missing company-years is 22.3 percent for 196389, which is close to what
Kothari, Shanken, and Sloan (1995) find over the same period.
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Column 3 of Table 1 reports the sample size of domestic primary shares on
CRSP. This column excludes all securities that are identified (using the variable
SHRCD on the CRSP file) as nonprimary shares or as firms incorporated
outside the U.S. In addition, all stocks with Standard Industrial Classification
(SIC) codes between 6723 and 6999 are excluded. SIC codes between 6723 and
6999 cover closed-end unit investment trusts, investment trusts, and miscella-
neous investing (such as oil royalty traders, mineral royalty traders, and REITs).
Even this column, however, still does not give an accurate count for several
minor mechanical reasons. We manually eliminated a few issues whose SHRCD
value and SIC code on CRSP passed our filters, but which were actually
closed-end funds.? In addition, some firm-year observations on CRSP may not
be located on Compustat, because a company with multiple classes of shares
may be represented several times on CRSP but appear only once on Compustat.
In this circumstance, we retain on CRSP only the share class with the largest
market capitalization for the company. The number of such mischaracterized
closed-end funds and smaller dual-class issues is given in column 4. With these
cases eliminated, the total number of firm-years in the CRSP sample falls to
55,858 for the 1968-92 period. Out of this sample, data on the book value of
equity are available for 50,481 firm-years. In short, by limiting the focus to the
set of domestic, primary issues that are of interest in most studies, the number of
missing company-year observations can be narrowed down to 5,377 cases, or 9.6
percent, of the CRSP company-years. Since the limited coverage of nondomestic
or nonprimary issues on Compustat is a conscious choice, their exclusion does
not contribute to selection bias. Out of the original 14.8 percent of CRSP
company-years missing from Compustat and considered to be a source of
selection bias, more than a third can thus be accounted for, and do not in fact
contribute to bias.

It is important to note that while our sample is based on firms with data for
book value of equity on Compustat, our discussion generalizes to analyses of
other accounting variables. This is because the presence of data on book value of
common equity generally coincides with the presence of data on other com-
monly used items. As an illustration, out of the 50,481 domestic, primary
firm-years with data on book value for the 1968-92 period, 50,408 cases also
have data on accounting earnings (Compustat annual data item 20) and 48,860
cases have data on cash flow (earnings plus depreciation, Compustat annual
data item 14).

Compustat coverage is also limited among financial companies. Several
accounting variables such as sales, leverage, and depreciation for financial
companies are not directly comparable with the same items for nonfinancial
firms. Compustat often considers that such data for financial companies do not

3 Guenther and Rosman (1994) evaluate the reliability of SIC codes on CRSP and on Compustat.
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fit the same format as the data for other companies, so it tends to be less
complete in its coverage for financial companies. Table 2 reports for each year
the number of nonfinancial companies and financial companies (those firms
whose SIC codes begin with 6) on CRSP, and the percentage of those companies
for which the book value of equity cannot be found on Compustat. (Note that
the sum of nonfinancial and financial primary company-years in Table 2 is less
than the total CRSP primary company-years in Table 1, because some'com-
panies have missing SIC codes.) Financial companies are more than twice as
likely to lack information on book value, compared to other firms. From
1968-92, the percentage of CRSP firm-years that lack the required information
is 17.47 percent for financial companies, compared to 8.63 percent for all other
companies. Since their omission reflects a design choice on the part of Compu-
stat that is unrelated to the returns to financial stocks, their exclusion from the
sample does not contribute to selection bias.

A truer picture of any remaining potential bias can be obtained by further
accounting for those observations that are missing because of the conflicting
treatment of Cusip changes on CRSP and Compustat. Since Compustat, unlike
CRSP, does not currently provide a history of a company’s past Cusips, this task
is not feasible. Nevertheless, we can provide some indirect evidence on the likely
extent of nonmatches due to Cusip changes.

Table 3 divides the set of CRSP domestic primary companies on the New
York and American exchanges into ten categories, based on their stock market
capitalization on CRSP in June of each year. In each size decile, the table reports
the percentage of companies whose book value is not found on Compustat.
Even for the largest-size decile of CRSP companies, 5.5 percent of the company-
years over 1968-92 cannot be located with data on book value on Compustat. It
is highly unlikely that companies of this size are not covered by Compustat, so
a more natural explanation is that at some point in their existence, these
companies experienced a change in Cusip, whereupon CRSP and Compustat
diverged in their handling of these firms. The fraction of cases not found on
Compustat is higher for small and mid-sized companies, perhaps reflecting the
higher likelihood of restructuring or reorganization for firms in this size range.

As a final clue that the preponderance of the cases not matched on Compustat
are a consequence of mechanical matching problems, Table 4 provides the
delisting codes (taken from CRSP) for all the 5,377 company-years lacking
Compustat data on book value.* Only a small fraction of the omitted firms are
still active as of the end of 1992. Rather, most companies have been merged,
acquired, or delisted. Since these events are accompanied by revisions in Cusips,

*The count in Table 4 includes cases where a company may be missing data on book value for only
one or two years.
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their high incidence among omitted firms is consistent with the argument that
many of the apparent omissions from Compustat are attributable to differences
in the treatment of Cusip changes.

The omitted observations do not necessarily represent distressed firms. There
are 133 company-years accounted for by company liquidations, and a further 23
company-years are a result of delisting by the SEC. Companies that move from
the New York or American exchanges to another exchange might also be
experiencing poor performance. One approach (which would tend to overstate
the number of distressed firms) is to treat all cases other than mergers, acquisi-
tions, and those still trading as being financially distressed companies that are
delisted. There are 1,725 such company-years in the 1968-92 period, the major-
ity of which (1,157) have no reason available for deactivation. They represent 3.1
percent of the original 55,858 domestic primary company-years on CRSP. Based
on this evidence, the concern raised in the literature — that many stocks are
excluded because they were ‘losers’ that were eventually delisted — is probably
exaggerated.

3.2. Differences in returns between the CRSP and Compustat samples

It may nonetheless be argued that even if the omitted cases make up only
a small fraction of the sample, they may still induce a bias if their returns or
book-to-market ratios systematically differ from the rest of the sample. For
example, if future losers with high book-to-market ratios are systematically
excluded from the sample, then an unwitting researcher would tend to find
above-average returns in the sample for stocks with high book-to-market ratios,
even when there is no association between the two variables in the population.
To investigate this possibility, Table 5 begins by presenting the average returns
of stocks in the various categories considered in Table 1. Since our last portfolio
formation period is in June 1992 (with only a half year of subsequent returns),
Table 5 covers returns for only the formation periods 1963-91.

Over the 1968-91 period, the average annual return for all securities on the
CRSP file (column 2) is 13.64 percent. The corrésponding set of companies
located on Compustat with data on book value earns an average return of 14.25
percent. One interpretation of the difference of 0.61 percent in returns is that as
Compustat’s coverage expanded, its back-filling of data favored companies with
higher returns. This view, however, should be qualified on two accounts.

The CRSP sample in column 2, Table 5, includes nonprimary and nondomes-
tic securities, which are not of concern in the present context. The potential effect
of these issues could be nontrivial. A recent edition of the W all Street Journal,
for example, lists 534 NYSE-Amex closed-end funds, including 362 bond funds.
Eliminating the nonprimary and nondomestic issues raises the 1968-91 return
for the CRSP NYSE-Amex sample in column 3 to 13.99 percent. Thus, the
relevant difference in returns in this period between the CRSP sample of
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domestic primary shares and the matching Compustat sample is not 0.61
percent, but 0.26 percent. Although the higher average return in column 4 over
the later period is consistent with Compustat’s selection bias, the difference is
nonetheless small.

A second qualification is that the comparison of returns actually favors the
CRSP sample in the earlier 1963-67 period. The return on the CRSP domestic
primary sample is 27.67 percent, compared to the return of 25.38 percent on the
Compustat sample. Since Compustat’s coverage is more limited in the earlier
years, we might expect that problems with back-filling data and selection bias
would be more severe in the earlier period. If this is the case, however, the effect
in the earlier period does not appear to be towards higher returns.

Other authors have recognized the potential bias arising from back-filling
data, and adapted their sample selection strategies to mitigate the bias.
Lakonishok, Shleifer, and Vishny (1994) require that a company have five
years of data on Compustat before it enters the sample. This requirement
would tend to knock out the period of initial superior performance that
reflects the back-filling problem. Similarly, a company must have at least two
years of prior Compustat data to be eligible for inclusion in the Fama and
French (1993) sample. Columns 6 and 7 of Table 5 report what the returns
would be on the Compustat sample if these additional selection criteria were
applied.

If back-filling data imparts an upward bias to returns on Compustat firms,
and if the above selection criteria eliminate the bias, then the returns in columns
6 and 7 should be lower on average than the returns to the CRSP domestic
primary sample. This is not the case, however. If anything, the average returns in
these two columns are the highest of all those reported in Table 5. Back-filling
data thus does not appear to be a major problem for the sample in the aggregate.
Of course, the criteria applied in these columns impose an additional filter on
companies, so the effect on returns is not clear-cut. For example, the practice of
not following the returns on a company until five years after its initial appear-
ance would exclude the years when the bulk of underperformance occurs after
initial public offerings (see Ritter, 1991).

4. The performance of book-to-market portfolios

While the CRSP company-years omitted from Compustat neither represent
a large fraction of the sample nor display markedly different returns, they may
still differ systematically from the rest of the sample in the relationship between
their returns and book-to-market ratios. This section provides a direct invest-
igation of sample selection bias for measured portfolio returns. We do this by
collecting data on book value of equity for CRSP companies that are missing
the required information.
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For the tests in this section, we focus on the quintile of the largest
NYSE-Amex companies, and truncate the sample period to 1968-91. Since the
missing information must be collected by hand, the sample is limited for the sake
of tractability. This also helps to ensure that companies are correctly identified.
Since over half of the missing company-years pertain to the years between 1963
and 1967 (see Table 1), the exclusion of the earlier period reduces the task of data
collection. In light of the evidence in Fama and French (1992) — that the return
differential between high and low book-to-market portfolios is larger for smaller
firms — the restriction to the largest companies also means that we are being
conservative in our tests. On the other hand, the top quintile of companies
accounts for 86 percent of the equity market capitalization of companies listed
on the NYSE and Amex in 1991.

Our first set of tests is based on the intersection of the top quintile of CRSP
NYSE-Amex stocks with the Compustat sample. In June of each year, firms are
ranked on the basis of their book-to-market ratios and assigned to one of five
portfolios. Firms with negative book values of equity are excluded from the
sample. The quintile of firms with the lowest book-to-market ratios are assigned
to portfolio 1, and so on up to portfolio 5, which contains the firms with the
highest book-to-market ratios. To allow a four-month lag for the publication of
financial statements, the book and market values of equity are measured at the
end of the firm’s fiscal year prior to the end of February. Equally-weighted
buy-and-hold returns for each of these portfolios are measured over the 12-
month period following portfolio formation, and over each of the five years after
formation. The portfolios are rebalanced to equal weights at the end of each
June. If a stock is delisted between rebalancing dates, we include its delisting
return if this is available. Its subsequent returns until the next rebalancing date
are replaced by the returns on a corresponding size decile portfolio.

Panel A of Table 6 shows the average returns for the five portfolios, as well
as the portfolios’ average book-to-market ratios. In the first year after
portfolio formation, the stocks with lowest book-to-market ratios earn a
return of 11.3 percent, compared to a return of 16.8 percent for the stocks
with the highest book-to-market ratios. The positive association between
returns and book-to-market ratios tends to persist. The five-year average
return for the low book-to-market portfolio is 11.4 percent, while that of
the high book-to-market portfolio is 16.4 percent, a difference of 5 percent.
Put in terms of compounded five-year returns, value stocks (portfolio 5) outper-
form glamour stocks (portfolio 1) by 42.6 percent (113.9 percent versus
71.3 percent).

Of the eligible CRSP firms, 751 company-years are missing data on book
value. For these firm-years we collected data on the book value of common
equity from past issues of the Moody’s Manuals (Industrial, Banking, and
Utility) and from the Value Line Investment Survey. The same ranking and
classification procedure used in panel A of Table 6 is applied to this group of
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Table 6
Mean returns and characteristics for portfolios classified by book-to-market ratios, 1968-1991

As of June 30 each year, the top 20 percent (by market value of equity reported on CRSP) of CRSP
NYSE-Amex domestic primary companies are selected. Of this sample, the companies in panel A
have data for book value of common equity located on Compustat (data item number 60), using
Cusip numbers for matching. Book value is measured for the most recent fiscal year ending in
February prior to portfolio formation. Stocks are ranked by book-to-market ratios and classified
into five portfolios. Returns and characteristics of these portfolios are reported in panel A. For the
remaining companies in the top quintile of firms, data on book value are retrieved from the Moody’s
Manuals or from the Value Line Investment Survey. These companies are ranked by book-to-
market ratios (using the same cut-offs as in panel A) and placed in one of five portfolios. Returns and
characteristics of these portfolios without Compustat data are reported in panel B. In panel C, all the
firms in panels A and B are combined into portfolios on the basis of their book-to-market ratios.

Decile

1 (Low) 2 3 4 5 (High)

(A) Largest 20 percent CRSP NYSE-Amex firms, with Compustat data

Return 1 year after portfolio formation 0.113 0111 0.106 0.134 0.168
Average annual return over 5 post-formation years 0.114  0.127 0.135 0.146 0.164
Compound return over 5 post-formation years 0.713 0.821 0.881 0976 1.139
Book-to-market ratio 0244 0459 0666 0.882 1219
Number of firms 85.7 851 850 85.2 84.6

(B) Largest 20 percent CRSP NYSE—-Amex firms, missing Compustat data

Return 1 year after portfolio formation 0.166 0093 0.108 0.194 0223
Average annual return over 5 post-formation years 0.122  0.131 0156 0.190 0220
Compound return over 5 post-formation years 0.773 0.846 1057 1378 1.695
Book-to-market ratio 0229 0456 0.706 0.878 1.273
Number of firms 5.5 6.3 5.3 5.5 8.6

(C) Largest 20 percent CRSP NYSE-Amex firms

Return 1 year after portfolio formation 0.115 0.109 0.108 0.136 0.168
Average annual return over S post-formation years 0.114 0.127 0.136 0.147 0.165
Compound return over 5 post-formation years 0.717 0.819 0890 0988 1.146
Book-to-market ratio 0.243 0459 0668 0.882 1.224
Number of firms 91.2 91.4 903 90.7 932

companies (hereafter the CRSP — Compustat sample). In particular, the book-
to-market cut-offs used each year to partition stocks into portfolios are based on
the Compustat sample only.

There is some tendency for companies in the CRSP — Compustat sample to be
concentrated in portfolio 5, so the omitted firms do have relatively high book-
to-market ratios. However, contrary to the conventional wisdom concerning
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survivorship bias, the companies in this portfolio do not, on average, earn
disappointing returns — portfolio 5 in panel B actually has the highest average
return in Table 6. In this sample, the high book-to-market portfolio continues to
outperform the low book-to-market portfolio, with a difference of almost 10
percent between their average five-year returns. Thus, the evidence in this panel
is not consistent with the argument that the positive association between returns
and book-to-market ratios documented in previous research is overturned for
firms omitted from Compustat.

Panel C of Table 6 completes the picture by combining the firms whose data
are located on Compustat with those for which data were hand-collected. Since
no companies are excluded because of an inability to match returns data with
accounting data, this sample is free of any selection bias in Compustat due to
back-filling data. The returns for the five book-to-market portfolios are close to
what we found for only the Compustat sample (panel A). For example, the
difference in the average five-year returns between the high book-to-market
(value) portfolio and the low book-to-market (glamour) portfolio is 5.1 percent,
compared to 5 percent for the Compustat sample. The sample selection bias, if
any, is trivial.

5. Conclusion

Major concerns have been raised about the proportion of CRSP
NYSE-Amex companies that are missing from Compustat. The extent of the
apparent omissions raises the suspicion that many of the documented anomal-
ous relations between stock returns and accounting variables might be ex-
plained by sample selection bias.

The evidence in this paper suggests that the concern about selection biases on
Compustat is exaggerated. Part of the discrepancy between CRSP and Compus-
tat is due to the presence of foreign or nonprimary issues on CRSP, such as
ADRs, closed-end funds, and REITs. In the remaining cases, there are many
innocuous reasons why a company’s returns data on CRSP might not be
matched up with its accounting data on Compustat, and we provide a detailed
description of the different possibilities.

Given that the relevant sample in the present context comprises domestic,
primary issues, only 5,377 CRSP NYSE-Amex company-years (or 9.6 percent of
the eligible CRSP company-years) are missing Compustat data for the 1968-92
period. Of these missing observations, a conservative estimate is that only 3.1
percent can be broadly classified as financially distressed cases. When the
returns on the CRSP and Compustat samples are compared over the 1968-91
period, the average return for domestic primary companies on CRSP is only
slightly lower than the return for the corresponding companies on Compustat
(13.99 and 14.25 percent per year, respectively). We collect data for the top 20
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percent (by market capitalization) of NYSE-Amex domestic primary companies
missing from Compustat. While this set of excluded firms generally has relat-
ively high book-to-market ratios, their returns are also high. The difference in
the average five-year return between stocks with high and low book-to-market
ratios is 9.8 percent for the companies not found on Compustat, compared to
a difference of 5 percent for the companies with Compustat data. Pooling the
two sets of firms yields a difference in average five-year returns of 5.1 percent
between the high and low book-to-market portfolios. Since no company in this
sample is excluded for lack of accounting data, this comparison of returns is free
from any selection bias from back-filling data.

We do not suggest that the general issue of selection bias is to be taken lightly.
Our discussion should not be interpreted as a license for researchers to match
the CRSP and Compustat files mechanically, and blindly trust the resulting
sample. If anything, our analysis highlights the care that is necessary to ensure
a good match between the two databases (for example, in selecting only domes-
tic primary companies). It would be prudent in any study to report the percent-
age of the sample that is not matched on Compustat. In the Appendix, we
outline some recommendations for minimizing the discrepancies between CRSP
and Compustat. As a further caveat, our study focuses only on NYSE-Amex
firms. Since Compustat’s expansion in its coverage of Nasdaq companies has
occurred fairly recently, greater caution is warranted when such firms are
considered. More generally, caution is necessary in studying small stocks,
especially in Compustat’s earlier years, when the coverage of such firms tends to
be less comprehensive and perhaps more susceptible to the problem of back-
filling.

One area where selection biases may be particularly acute is the growing
literature on foreign and emerging stock markets. The data sources typically
used in such studies are still widening their coverage, hence they may be more
prone to back-filling bias. One of the most commonly used databases for foreign
companies, for example, is Worldscope (from Wright Investors’ Service and
Disclosure Inc.). As recently as 1992, Worldscope included only 130 companies
from the Belgian stock market; by 1994, the coverage had broadened to 208
companies. Similarly, Worldscope reported on only 92 Danish and 217 Italian
firms in 1992, but the count climbs quickly to 174 and 341 companies from these
two countries, respectively, in the 1994 Worldscope population.

Although the issue of data bias has been put in the context of book-to-market
ratios, our arguments apply more generally to past studies based on Compustat
accounting variables, such as earnings or cash flow. A firm with data on book
value on Compustat is very likely to have data on these other items as well, so
our evidence is directly applicable. Since most of the missing observations are
due to mechanical problems of matching companies by their Cusips, it is highly
unlikely that the anomalous relations based on accounting variables are due to
selection bias from back-filling data.
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Appendix

In this appendix, we provide some general recommendations for matching
CRSP and Compustat, to minimize the extent of missing observations. Even
before research begins, our earlier discussion provides an important lesson. At
the outset, taking some care in defining companies that are the intended focus of
any study will go a long way towards reducing the number of missing observa-
tions on Compustat. In most cases, the relevant sample comprises domestic
primary firms. It is debatable whether foreign stocks should be excluded, but it
appears inadvisable to limit attention to only those foreign stocks that choose
(for whatever reason) to be listed on U.S. exchanges, and which are covered by
Compustat.

Given the relevant sample, there will still be some missing cases on Compus-
tat, because of differences in the treatment of Cusip changes. In Section 4 of the
paper, we resolve the missing cases by hand-collecting the data for the largest 20
percent of CRSP companies. This method, which favors accuracy, may also be
feasible in other studies where the original sample of firms is not large. In
principle, however, it is not necessary to resort to hand-collecting missing data,
given our earlier argument that the data for the vast majority of firms are indeed
available on Compustat. In some cases, however, recovering these data requires
a knowledge of the historical Cusip identifiers for firms on Compustat. These
firms can then be paired off with the historical Cusips already available for
CRSP firms.

Currently, there exist several sources that trace changes in the status of
a company, such as name changes, mergers and acquisitions, and reorganiza-
tions. These sources can be used, for example, to find the new name of a CRSP
company that appears to be missing from Compustat because it underwent
a merger, and changed its name and Cusip. One such source is the Financial
Stock Guide Service (annual, with monthly supplements), produced by Financial
Information Inc. and comprising the Directory of Active Securities and Directory
of Obsolete Securities. Standard & Poor’s Compustat also sells such a file as
a special service separate from the regular tape subscription. The drawback to
both these sources is that, in general, neither attaches Cusips to names, so that
mechanical matching is difficult. In cases where the number of firms is manage-
able, however, these sources are viable solutions.

More generally, there are other ways to recover at least some of the missing
companies from Compustat. These methods augment the usual procedure of
matching via current Cusips by exploiting additional information carried on the
CRSP file to trace the history of Cusip changes for those cases where CRSP and
Compustat diverge. Each security on CRSP is assigned a unique permanent
identifier (PERMNO) that does not change even if its Cusip number does. This
field, in conjunction with the history of Cusips, is useful in a number of contexts.
In some cases, CRSP identifies the PERMNO of the acquiring firm in a merger
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or exchange where former shareholders receive stock in the acquiring firm. This
information is carried in the field, NWPERM, in the delisting structure of the
CRSP file, and can be used to identify the successor firm’s Cusip (and hence, the
desired data on Compustat). Another example is the case of a security that
changes its Cusip and moves from one exchange to another (for example, from
NYSE/Amex to Nasdagq). This company appears on the CRSP NYSE/Amex file
under its old Cusip and on the CRSP Nasdagq file under its later Cusip. On
Compustat, the entire history of the firm, regardless of exchange, is stored under
its later Cusip, so that there does not appear to be any accounting information
for the earlier Cusip. Since the company maintains its PERMNO on CRSP,
however, the new Cusip can be attached to the old, and the latter’s accounting
data can be recovered. The ideal solution to matching the CRSP and Compustat
files, of course, would be a database reporting the history of past Cusips for each
current Cusip on Compustat. Alternatively, the problem of tracking changes in
Cusip identifiers across CRSP and Compustat could be circumvented if the
researcher has access to the sequence of past Compustat tapes.

Regardless of the methods for matching CRSP and Compustat, some general
procedures may be useful in documenting the potential for selection bias in
a sample. At the minimum, the analysis should report the general method used
to match CRSP and Compustat, as well as the proportion of company-years not
found on Compustat. The sample selection strategy adopted by, for example,
Fama and French (1993) and Lakonishok, Shleifer, and Vishny (1994) (ie.,
including a firm in the sample only several years after its first appearance on
Compustat), may also provide an additional diagnostic on the possible effects of
back-filling.
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