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THE RETURNS TO COMPUTER USE REVISITED: HAVE
PENCILS CHANGED THE WAGE STRUCTURE TOO?*

JoHN E. DINARDO AND JORN-STEFFEN PISCHKE

Are the large measured wage differentials for on-the-job computer use a true
return to computer skills, or do they just reflect that higher wage workers use
computers on their jobs? We examine this issue with three large cross-sectional
surveys from Germany. Firat, we confirm that the estimated wage differential
associated with computer use in Germany is very similar to the U. 8. differential.
Second, we also measure large differentials for on-the-job use of calculators, tele-
phones, pens or pencils, or for those who work while sitting down. We argue that
these findings cast same doubt on the literal interpretation of the computer use
wage differential as reflecting true returns to computer use or skill.

I. InTRODUCTION

In a careful and influential study Krueger [1993] finds that
workers who use computers on the job earn 15 to 20 percent more
than nonusers after controlling for standard worker attributes.
Many have interpreted Krueger’s findings as direct evidence fa-
vorable to the hypothesis that changes in technology have been
responsible for much of the dramatic changes in the wage strue-
ture observed in the United States in the last 25 years. Although
Krueger [1993] addresses the issue of whether computers have
changed the wage structure, the bulk of Krueger’s focus is on esti-
mation of the magnitude of the computer wage differential for
a typical worker. Using a variety of approaches, he attempts to
ascertain whether the wage differentials he estimates primarily
represent a “causal” relationship between computers and wages
or whether the observed differentials are largely a reflection of
unohserved worker heterogeneity: workers with other unob-
served characteristics that lead to higher wages are more likely
to use computers on the job. Since Krueger relies on cross-
sectional data, he cannot and dees not control for individual fixed
effects. Absent an appropriate instrumental variable for com-

#*We thank David Card for valuable discussions that led to this paper, and
Lawrence Katz, Alan Krueger, and two anonymous referees for helpful cormments.
The German data used in this paper have been abtained from the German Zentral-
archiv fiir Empirische Sozialforschung at the University of Kéln (ZA). The data
for the study “Qualifikation und Berufsverlauf” were collected hy the Bundeainsti-
tut fiir Berufshildung and the Institut fiir Arbeitsmarkt- und Berufsforschung
and documented by the ZA. Neither the producers of the data nor the ZA bears
any responsibility for the analysis and interpretation of the data in this paper.
We alse happily acknowledge the uase of a numliler 2 pencil in preparing this paper.
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puter use that would allow a direct estimation of an average
“treatment effect,” Krueger instead uses a variety of indirect
methods. In general, he finds evidence consistent with the view
that the measured differential primarily reflects a causal effect
of on-the-job computer use.

In this paper we replicate Krueger’s analysis using data on
German workers. Qur estimates of the computer wage premium
are similar to those found by Krueger. However, because our data
contain much more detailed information on the tools used by
workers on their jobs, we are able to apply the same techniques
to estimate the wage differentials associated with the use of a
calculator, a telephone, writing materials like a pen or pencil, or
gitting on the job. When we do so, we find that the measured wage
differentials associated with these “white-collar” tools are almost
as large as those measured for computer use. We also find a wage
penalty associated with the use of “blue-collar” tools. Since we do
not believe that warkers reap substantial rewards for using pen-
cils or chairs on their job, we are somewhat maore skeptical about
whether an exercise like this is likely to recover the causal effect
of computer use on wages either. Instead, the results seem to sug-
gest that computer users possess unohserved skills which might
have little to do with computers but which are rewarded in the
labor market, or that computers were first introduced in higher
paying occupations or jobs.

The remainder of the paper is organized as follows. The next
section describes the German data sets we use. Section III pre-
sents the measured wage differentials associated with the use
of tools in the United States and in Germany. The final section
discusses the interpretation of these results.

H. THE DaTa

Our German data come from three cross sections of the West.
German Qualification and Career Survey, conducted in 1979, in
1985-1986, and in 1991-1992 by the Federal Institute for Voca-
tional Training (BIBB) and the Institute for Labor Market Re-
search (IAB). The surveys contain standard demographic and
labor market variables but are also particularly rich in detail
about workers’ jobs, job attributes, and the tools used in these
jobs. The sampling frame for the survey is the German employed
population aged 16 to 65, and each survey has slightly less than
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30,000 respondents. We use the largest sample possible, anly de-
leting observations that do not have information on the variables
we analyze. The questions in the three surveys are similar but
not exactly comparable. We report helow more details on the vari-
ables we use.

The questions on computer use differ slightly between the
1979 survey and the later waves. For the 1979 survey we combine
affirmative answers to two questions as computer users. The first
asked about the use of “computers, terminals, or monitors;” the
second inquired about word processors. In the later surveys there
are six categories that we combine: computers on shop floors, of-
fice computers, PCs, terminals, word processors, and CAD sys-
tems. Other questions inquired about the use of computer-
controlled machinery, but this seems to be different from the con-
cept captured in the questions in the U. 8 Current Population
Survey (CPS) used by Krueger [1993].

The top panel in Table I summarizes the probability of using
a computer at work for different categories of workers and repro-
duces a similar tabulation from Autor, Katz, and Krueger {1996],
who have updated the results of Krueger [1993] until 1993. Com-
puter use in the mid-1980s is lower in Germany than in the
United States, but by 1991 the fraction of workers using comput-
ers on the job in Germany is very similar to the U, 8. utilization
rate in 1989. Computer use has increased strongly during this
period in both countries. Likewise, the patterns of use among vari-
ous labor market groups are very similar. In both countries com-
puters are used predominantly by the more highly educated, by
the age group 25-39, by white-collar workers, and by full-time
employees,

HI. THE WaGE DIFFERENTIALS FOR WORKPLACE TOOLS
IN THE UNITED STATES AND IN GERMANY

To assess the wage differential associated with using comput-
ers, we run a number of standard wage regressions. Qur depen-
dent variable is the log of gross average hourly earnings. This
variable is constructed from monthly earnings and usual weekly
hours.!

1. The earnings variahle in the survey is obtained not as a continuous num-
her but in bracketed form. There are 13 brackets for the 1979 survey, 21 in 1985-
19886, and 15 in 1991-1992. We assigned bracket midpoints to each group. The
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_ TABLE 1
PERCENT oF WORKERS IN VarIous CATEGORIES WHO Usk DIFFERENT TaaLs
oN THEIR JoB

U.8 U8 T8 Germany Germany Germany
Group 1984 1989 1993 1979 1985-1986 1991-1992

Percontage that are computer users

All workers 25.1 374 46.6 8.5 18.5 353
Men 21.6 32.2 41.1 7.9 185 36.4
Women 29.6 43.8 h3.2 9.7 185 335
Less than high 5.1 7.7 0.4 az 4.3 9.9
school
High schaal 19.2 28.4 3448 8.5 18.3 a2.7
Some college 30.6 45.0 53.1 8.5 24.8 48.4
College 424 58.8 70.2 134 305 61.6
Age 1824 20.5 29.6 34.3 10.1 13.8 278
Age 25-39 29.6 414 49.8 9.6 216 5.9
Age 4054 23.9 38.9 50.0 8.6 17.2 35.9
Age 5564 17.7 27.0 37.3 59 13.5 237
Blue-collar 7.1 11.2 56.6 1.2 3.5 10.7
White-collar 9.7 h6.6 67.6 12.8 28.9 50.2
Part-time 14.8 24 .4 29.3 6.4 14.7 26.5
Full-time 293 423 51.0 8.7 19.1 a7.0

Percentage of all workers who use a specific tool

Computer 25.1 374 46.6 a.5 18.5 35.3

Calculator 19.6 358.7 44.2

Telephone 41.8 43.7 8.4

Pen/pencil 54.9 53.4 65.6

Work while 30.8 18.3 —
sitting*

Hand tool (e.g., 29.4 32.9 30.5
hammer)

Number of oba. 61,704 62,748 59,852 19,427 22,353 20,042

a. Variable definition differs in 1979 and 1985-1986, In 1979 it refers ta "Never ar rarely standing,” and
in 19851986 it refers to “Often or almost always sitking."

Columns 1 to 3 arve from Table 3 in Autor, Katz, and Krueger [1996] and came fram the Octaber Current
Fopulation Survey. German data are from the Qualification and Career Survey.

resulting approximation should be rather good because of the large number of
brackets. Adopting a similar specification, we find that this earnings variable
yields the same return to schooling in 1985-1986 as reparted by Krueger and
Pischke [1995] with a continucus earnings variable for 1988. Years of education.
are imputed from infermation on achools attended and degrees obtained following
Krueger and Pischke [1995]. When we bracket the earnings variable in the Octo-
ber 1984 CPS to be comparable with aur 1979 data, in a regression similar to
Krueger's we find a computer coefficient of 0.1697 using the original wage vari-
able, and 0.1701 using the bracketed variable. Standarﬁ errors are about 3 per-
cent larger with the bracketed variahle.
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TABLE 1I
(LS REGRESSIONS FOR THE EFFECT oF COMPUTER USE aN Pay
DEPENDENT VARIABLE: LoG HouRLy WAGE
(STANDARD ERRORS IN PARENTHESES)

Independent U s U. 8. U. 8  Germany Germany Germany

variable 1984 1989 1993 1979 1945-1986 1991-1992
Computer a2.171 0.184 0.204 0.112 0.157 0.171
{0.008) (0008} {0.008) {0.01M) (0.007) {0.006)
Years of 0.068 0.075 0.081 0.073 0.063 0.072
gchooling {0,001y (0.002) <0.002} (0.001) (0.001) {0.001)
Experience 0.028 0.028 0.024 0.030 0.035 0.030
(0.001) (0.001) (0.001) {0.001) (0.001) (0.001)
Experience” -0.043 -0.043 -0.041 -0.052 —0.058 =0.046
100 (0.002) (0.002) (0.003) (0.002} (0.002} (0.002)
he 0.444 0.448 0.424 0.267 0.280 0.338

Number of abs. 13,335 13,379 13,306 19,427 22,353 20,042

Calumns 1 ta 3 are from Tahble £ in Autor, Katz, and Krueger [1996]. Data for columns 1 ta 3 are from
the Qctober Current Poprlation Suryey, data for columns 4 to 6 are fram the Qualification and Career Suruey.
All madels alsa inelude an intercept, 2 dummy for pari-time, large city/SMSA status, female, married, fe-
male*married. Regressinns for the United States in colurmns L to 3 also inelude dummies for black, ather
race, veteran atatus, unjon membership, and three regions. Regressiona far Germany in calumns 4 to 6 alsa
include a dummy for civil servants (Beamtier).

The raw log wage differential for computer use in Germany
is 0.139 in 1979, 0.239 in 1985-1986, and 0.288 in 1991-1992.
This is somewhat lower than the 0.276 differential for the United
States in 1984 and (.325 in 1989 reported by Krueger [1993]. In
both countries the inclusion of controls such as edueation, experi-
ence, gender, and others lowers the computer wage differential.
In Table II we report estimates from QLS wage regressions that
include a computer duramy and other covariates. The first three
columns are reproduced from Autor, Katz, and Krueger [1996].
QOur estimates from the German data, reported in the last three
columns of Table II, are 0.112 in 1979, 0.157 in 1985-1986, and
0.171 in 1891-1992. These are comparable to the U. S. estimates,
although the German estimates are slightly lower. Furthermore,
in both countries the wage differential associated with computer
use has increased over time.

Both the basic patterns of on-the-job computer use and the
estimated computer wage differentials are very similar in the
United States and in Germany. This similarity is noteworthy
given that the German labor market is more regulated, pay set-
ting more centralized, and the wage structure more compressed
than in the United States (see, e.g., Krueger and Pischke [1995]).
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Our analysis thus far suggests that the labor markets of the
two countries are sufficiently similar that analysis of the German
data will be informative about the interpretation of the wage dif-
ferentials in U. S. data. Using our considerably more detailed
German data, we now analyze a number of tools that might invite
a different interpretation of the associated wage differential.

The fraction of workers who mention that they utilize the
tools we consider are displayed in the bottom panel in Table I. We
have discussed the fact that computer use has grown substan-
tially during the 1980s. Desk or hand calculators (the 1979 data
also include cash registers in this category) are used more heav-
ily, and their usage has also increased substantially during this
period. Telephones are used by about half the workforce, al-
though unlike computers or calculators their use has changed
little during this period. Approximately 60 percent of workers use
a pen, pencil, or other writing material on their job. We also con-
sider a variable that indicates whether the respondent works pre-
dominantly while sitting. The 1985-1986 survey had a direct
question on how often respondents sit at their job, allowing five
possible answers: basically never, rarely, occasionally, often, al-
most always. We classified those responding “often” or “almost
always” as sitting. In 1979 the only similar question asked how
often respondents stand, allowing the same five responses. We
classified those standing “never” or “rarely” as sitting. There is
no such variable in the 1991-1992 survey. The fractions sitting
differ between the two years: this is likely to be due to the differ-
ences in our variable definitions.

To compare workers associated with “office” work or more su-
pervisory roles to blue-collar workers, we also cansider the usage
of manual hand tools such as hammers, screwdrivers, paint-
brushes, hand-operated drills, etc. About 30 percent of workers
use siuch tools: this has changed little over the period we consider.

In Table III we report the wage differentials associated with
these various tools using regressions similar to those reported in
Table I In the first panel we report results from separate regres-
sions for each tool we consider. We display only the coefficients
on the tools. We find differentials of 9 to 14 percent associated
with the white-collar tools and sitting on the job. This is to be
compared with an 11 to 17 percent differential for computer use.
Thus, the estimated differentials for other tools are of the same
magnitude but slightly lower than the computer effect, especially
for the later years. By contrast, when we run similar regressions
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for blue-collar hand tools, we find that the use of such tools is
associated with a @ to 11 percent lower wage.

One obvious objection to these regressions might be that the
use of a telephone or sitting on a chair is associated with particu-
lar occupations so that these tools simply proxy for the occupation
wage structure. To control for the part of the wage differential
attributable to occupational wage differentials, the last four col-
umns of Table III present results from the same regressions that
now include a very detailed set of occupation dummies; the num-
ber of occupation dummies ranges from 501 in 1979 to 1071 in
1991-1992.

The inclusion of detailed occupation dummy variables lowers
the returns to most tools to 30 to 50 percent of their original
value. Thus, a large fraction of the original differentials are in-
deed associated with occupations. Nevertheless, differences in
wages on the order of 4 to 7 percent remain for the users of the
various office tools even within narrowly defined occupations.
This again mirrors the within-occupation estimates reported by
Krueger {1993] for the United States.

It is also possible that the use of pencils, calculators, ete.
might simply be proxying for the use of a computer. To rule out
that possibility, we include all five office tool dummy variables
together in the regression simultaneously. The results are re-
ported in the bottom panel of Table III (the 1991-1992 results do
not include sitting). While the differential associated with each
falls, they all stay individually significant. The computer differ-
ential with 7 to 13 percent remains among the largest, but the
differentials for telephones and jobs that involve sitting also re-
main on the order of 5 to 7 percent. Thus, while there is a good
deal of correlation between the use of these tools, the use of tele-
phones or calculators did not purely proxy for computer use. The
results are again qualitatively similar when we include occupa-
tions. One result worthwhile noting is that the computer coeffi-
cient increases strongly over time when all tools are entered in
the regression together while some of the other coefficients tend
to fall over time. This might indicate that the role of computers
in the workplace might be changing over fime.

One way to address the possibility of unobserved heterogene-
ity in these regressions is to include other controls for ability.
Krueger [1993] used data from the High School and Beyond Sur-
vey which allowed him to include both a computer dummy and
controls for parental background, achievement scores, and school
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grades. We have measures of secondary school grades in math
and German in the 1979 survey as well as information on the
father’s occupation. We include these variables in addition to the
occupation dummies and obtain the results shown in column 5.
While the ability controls are significant, the coefficients on com-
puter use or the other toals are hardly changed once aceupation
is controlled for. Similar to Krueger’s results for computers from
the High Schaol and Beyond Survey, these tools are picking up
an effect about wages that is not captured by academic abilities.
This indicates that ahility controls, such as grades, may only be
poor proxies for the types of skills that are ultimately relevant in
the workplace.

IV. DIscUsSION AND INTERPRETATION

In this section we discuss various interpretations of the com-
puter differential and why our regressions inform this discussion.

We read the bulk of Krueger’s [1993] paper as trying to un-
caver the “causal” or “treatment” effect of using a computer on
the wages of a computer user. What we typically mean by a treat-
ment. effect is the difference in an outcome if a person is given a
treatment, like a drug, versus not receiving this treatment. If this
treatment is randomly assigned, a simple comparison of a treated
and untreated population will identify the treatment effect. In
observational data, where individuals select whether to receive
treatment, a comparison of treated and untreated subjects will
not identify the treatment effect if selection is related to the out-
come of interest.

In the case of computers, things are a little more difficult.
The simple analogy to identifying a treatment effect in the case
of computers would be randomly assigning a computer to a group
of previous nonusers and then comparing their wages with
those of an untreated comparison group. Clearly, this exercise is
unlikely to be meaningful. Here two issues arise: (1) computers
are only productive in conjunction with a specific set of skills (e.g.,
programming); and (2) computers are of value only in certain jobs
(e.g., for empirical economists but not for ballet dancers). In order
to address the first issue, we can think of the experiment as ran-
domly assigning computer skills instead of computers. In this
case it is obvicus that we would think of the resulting treatment
effect as a compensating differential for the associated skill. If
such a differential exists, those who have the scarce skills will
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tend to seek out jobs where the skill is rewarded. Hence, this in-
terpretation also solves the second problem, namely that comput-
ers are only productive in certain jobs. Notice that this hears a
close resemblance to interpreting estimates of the returns to edu-
cation in general.

The foregoing discussion suggests that a better variable to
study than computer use would be computer knowledge. Since
this is not available on the CPS, we can interpret the computer
use variable as a proxy for knowledge. Hence, if selection is rela-
tively unimportant, and therefore the wage differential for com-
puter users identifies the return to computer skills, then this
return was roughly 19 percent in the United States in 1989 and
17 percent in Germany in 1991.?

Now consider our analysis of other tools. To make the con-
trast as stark as possible, consider use of a pencil on the job. The
literacy rate in Germany is 99 percent; i.e., basically every
worker is able to use a pencil productively. Since this tool is only
being used by about 60 percent of the workforce, this skill is obvi-
ously not scarce. Therefore, we do not believe that using a pencil
in Germany proxies for writing skills. A regression of wages on
the use of pencils should therefore yvield a coefficient of zero. In-
stead, the coefficient in 1991 is 13 percent, which we take as an
indication that there is substantial selection in who uses office
tools: they are used predominantly by higher paid workers. The
argument we are making in this paper is the following: if this
type of selection is important for pencils or calculators or tele-
phanes, then we should probably expect it to be equally important
for computers. Or ta put it the other way around, we would have -
been more inclined to believe that Krueger’s regressions measure
a treatment effect if we had found very small wage differentials
for taols which should not proxy for a scarce skill. This is true in
particular since the differentials for these other tools are about
as robust to introducing controls that should capture job content
ar ability as the computer differential. Much of Krueger’s conclu-
sion, that the computer differential reflects a treatment effect, is
due to such exercises. Of course, our results are merely sugges-
tive and do not prove whether the computer coefficients represent
a return to skills or a selection effect.

2. Hamilton and Yuen (1995] find that wage differentials accrue to computer
skills rather than computer use in the U. 8. High School and Beyond Survey. We
found similar results in our German data for 1979; see DiNardo and Pischke
(1996].
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One obvisus response to the possible selection effects that
prevent us from estimating the treatment effect of computer use
or skill on wages is to obtain panel data and estimate the wage
growth for workers who start using a computer on the job for the
first time. Krueger [1993] ran regressions for an artificial panel
constructed from occupation level data from the CPS. He found
an effect of computer use on the order of 10 percent, not much
below the cross-sectional estimate. It is unclear, however,
whether such an exercise yields all that much more information
in the presence of changing returns to skills in the economy. If
the increase in computer use proxies for some other, unrelated
skill, whose return has increased during the periad, we might
find the same effect. In the working paper version of this article
[DiNardo and Pischke 1996], we find that the computer-wage ef-
fect in these regressions vanishes once the initial education level
of the oceupation is included in the wage growth regression
{which is highly significant).

There are two studies, of which we are aware, that estimate
fixed-effects models for the return to computer use on microdata.
Entorf, Gollac, and Kramarz [1995] use French data for the late
1980s and find no effect in their fixed-effects models, while there
is a 7 percent computer differential in the cross section. Bell
[1996] uses data for the United Kingdom and finds that most of
the cross-sectional computer wage differential remains in firat-
differenced regressions. In the presence of changing returns the
assumption of time-invariant fixed-effects is likely to be faulty. If
the returns to unobserved skills change, then differencing the
data will not eliminate the effect of unobserved wage determi-
nants that might be correlated with computer use. Since the wage
structure has widened in the United Kingdom but not in France,
this is a possible explanation for the disparate results of the two
studies.

Krueger [1993] and many commentators on that paper have
tried to draw a link between the computer wage effect and
changes in the wage structure related to skill-biased technical
change. The direct link between the computer treatment effect,
the effect of assigning a single worker a job with a computer keep-
ing the utilization of computers in the economy constant, and
changes in the wage structure is weak at best. Changes in the
structure of wages may come from changes in the overall utiliza-
tion of new technologies. It is easy to see that the introduction of
computers could easily change the wage structure without gener-
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ating a computer treatment effect. Levy and Murnane [1996] dis-
cuss the occupation of accountants who calculate the net asset
values of mutual funds. They conclude that one of the more fun-
damental changes in the skills required for workers in this occu-
pation did not directly involve the introduction of computers on
the job of these workers. Rather, computerization at the ex-
changes made large trading volumes and complicated derivative
securities possible. As a consequence, the ability to price a grow-
ing and complex set of assets has increased the skill demand an
the occupation over time; computers played a role in this process
but the channel is rather indirect. It is obvious from this example
that there is no clean link between the influence of technology on
wages and the computer treatment effects on workers, even if we
can estimate this latter effect consistently.

UNIVERSITY OF CALIFORNLA, [RVINE
MassacHUSETTS INSTITUTE oF TEGHNOLOGY

REFERENCES

Autor, David, Lawrence F. Katz, and Alan B. Krueger, “Computing Inequality:

‘IJ-Iaive Computers Changed the Lahor Market,” mimeo, Harvard University,
uly 1996,

Bell, Brian D., “Skill-Biased Technical Change and Wages: Evidence from a Longi-
tudinal Drata Set,” mimeo, Nuffield College, Oxford, July 1996.

DiNarde, John, and Jorn-Steffen Pischke, “The Returns to Computer Use Revis-
ited: Have Pencils Changed the Wage Structure Too?* NBER Working Paper
5608, June 19986.

Entorf, Horst, Michel Gollac, and Franeis Kramarz, “New Technalogies, Wages,
and Worker Selection,” INSEE Working Paper, 1995,

Hamilton, Barton, and Raymond Yuen, “Self-Selection and the Returns to Com-
E:uber 8kills among Young Workers," unpublished manuseript, Department of

conomica, Mc(Gill University, Mantreal, Quebec, Canada, May 1995.

Krueger, Alan B., “How Camputers Have Changed the Wage Structure: Evidence
from Micradata, 1984—1989,” Quarterly Journal of Economics, CVIII (1993),
33-460.

Krueger, Alan B., and Jorn-Steffen Pischke, “A Comparative Analysis of Fast and
West German Labor Markets: Before and After ETniﬁcation,“ in Richard Free-
man and Lawrence Katz, eds., Differences and Changes in Wage Structures
{Chicago: University of Chicago Press and NBER, 1995}.

Levy, Frank, and Richard J. Murnane, “With What Skills Are Computers a Com-
plement?” American Economic Review Papers and Proceedings, LXXXVI
(1998}, 258—-62.



