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is expected. Younger CEOs are more risk-seeking, leading to higher degrees of
exploration. However, the model is not statistically significant with a p-value of 0,146,
indicating that, as it is now, the control variables do not help with granting us a
statistically significant relationship between exploration and value share of
compensation. In fact, the R-squared value of 0,091 indicates that only 9,1% of the
variation in exploration is explained by the predictor variables. We will thus proceed

with several checks to create a model with a better fit.

Multiple Regression

Figure 6 Multiple regression w/ robust

To reduce concerns of heteroscedasticity, we standard errors

apply robust standard errors to the variables g-_\zgit:aered 8:88?
in the regression. Ceteris paribus, this gives us Observations 119
the output illustrated in figure 6. The p-value {?:ﬁ?;::rltgfa;fgg_s 6066
changes from 0,146 to 0,063, closer to a Market value 0o
statistical significant relationship at the 0,05- Debt ratio 0?3381
level. Regarding the predictor variables, age Age ooggi
IS no longer statistically significant with a p- Tenure OZOEE
value of 0,065, although close. However, debt Gender Oégfig
ratio’s p-value changes from 0,158 to 0,039, ndustry 0oz

i.e. significant at the 0,05-level.

Revisiting the correlation matrix, we create interaction variables for the statistically
significant correlations and test for these. We find that only the inclusion of the

interaction variable age*tenure gives us a significant model, with a p-value of 0,045.

Continuing, we test the remaining interaction variables step-wise, in addition to
age*tenure. All these tests led to the model being rejected at the 0,05-level (see

appendix).

Transforming variables

To verify that our data fits the assumptions of linear regression we will focus on certain
regression diagnostics. The residuals of the variables need to be normally distributed

for the t-tests to be valid. However, this is not the case for the estimation of regression
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coefficients. Since we are interested in having valid t-tests, we will investigate the

issue of normality closer.

Non-normally distributed residuals often stem from non-normally distributed
variables. We will thus look closer at the distribution of our variables and see how we

can apply a more normal shape.
Figure 7 Kdensity test of value share of
compensation

We begin by testing the predictor variable,

Kernel density estimate

value share of compensation. The Kernel 2

density test reveals that the variable is -

indeed non-normally distributed. By using -

the ladder-command in Stata, we opt to not ;

5
vsshareofcomp

Kernel density estimate
Normal density
kemel = epanechnikoy. bandwidth = 0.0529

transform the variable as the variable as is

has the lowest chi-square value.

Applying this two-step approach to the rest of the predictor variables, we end up with
log transforming market value and age, and square rooting debt ratio and tenure. For

Kernel density tests and ladder-command output, we refer to the appendix.

Multiple Regression with Transformed Variables

Revisiting the approach from the previous multiple regression section, we first test the
full regression. This model is neither significant at the 0,05-level. However, the
adjusted regression gives us a p-value of 0,061, whereas the previous regression

provided a p-value of 0,063.

None of the predictor variables are significant, Figure 8 Multiple Regression w/
transformed variables
1 - Model
although logged age comes very close with a p tMocel 5061
R-squared 0,101
value of 0,051. Furthermore, we see that value Observations 119
share of compensation clearly has the highest p- Independent variables
Value share of comp. 0,016
value, indicating that it should be the first . 0.032
Debt ratio (squareroot) 0,078
predictor variable to be removed. Yet, this is the Tenure (squareroot) 0011
0,348
main predictor variable and removing it would Market value (log) 0,016
0,071
disable us from answering our hypothesis. In Age (log) ~0.229
0,051
. Gend 0,019
other words, we first remove gender. eneer 0,518
Industry -0,002
0,000
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This gives us a significant model with a p-value of 0,0362. This is slightly more

significant than figure 9. We could continue
removing one and one variable, which would
provide us with a more significant model at the
expense of explained variance in exploration.
Instead we conclude that the attempt of transforming
the variables gave us little to no improvement. Thus,
maintaining that the full regression including the
interaction variable age*tenure is the model that is
both significant, simplest to interpret and explains

most of the variation in exploration.

Discussion and
Conclusion

Figure 9 Multiple Regression w/
age*tenure

Model
P-value 0,045
R-squared 0,113
Observations 119
Independent variables
Value share of comp. 0,072
0,221
Market value 0,690
0,135
Debt ratio 0,080
0,041
Age -0,005
0,023
Tenure -0,006
0,156
Gender 0,008
0,757
Industry -0,001
0,684
Age*Tenure 0,001

0,014

Few studies have focused on the relation between CEO compensation and exploration.
In fact, there is a scarcity of studies linking individual incentivizing to exploration,
with Lee and Meyer-Doyle’s (2017) recent study as a rare exception. With this thesis,
we aimed to cover this identified gap in literature. However, the findings did not match
the ambition. The optimal model was statistically significant, but not for the dependent
variable of interest, value share of compensation. The weak and statistically
insignificant relationship between exploration and the share of stock-based CEO
compensation were surprising and disappointing. Ultimately, it has left our hypothesis

unanswered.

The possible reasons for these significant deviations from expectations are many. First
and foremost, exploration is an intangible construct by nature. This makes it a hard
task for firms to offer performance-based compensation related to exploration. This
itself is a highly valid explanation, simultaneously questioning our research question.
However, we were interested in finding indirect effects between the share of stock-
based compensation and degree of explorative innovation. A CEO with a large share
of compensation contingent on the firm’s performance in the capital markets should
be affected in either way.
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Prior research has provided evidence of a positive relationship between stock-based
compensation and innovation (Hirshleifer and Suh, 1992; Smith and Stulz, 1985),
arguing that it should increase CEOs’ risk-taking. We, however, proposed a negative
relationship as risk-aversion should increase in line with the share of contingent
compensation. All the same, our model proved insignificant disabling us from

challenging previous findings.

Limitations & Future Research

Although we argue that our most positive contribution is the novel and well-founded
estimation model for exploration, it may also have been our Achilles’ heel. It is, before
now, unproven and sincere limitations in the data set led to a perhaps too simplified
version. The sincere limitations include limited sample size due to missing values in
either patent or compensation data and limited research period due to the non-
adjustable limitations in both the patent and compensation data. The latter had further
ripple effects which led to the exclusion of lagging patent data to related compensation
year. This, consequently, led us to use average values for all variables for the entire
research period. Additionally, it disabled us from testing contractual change during the
period on an individual level for relevant CEOs.

This comes on top of the inherent limitations of using patents. First and foremost,
patents only show 5% of idea-creation (Stevens & Burley, 1997). This implies that we
were only able to measure the extremity of explorative innovation. Not all explorative
and exploitative innovation activities are natural to patent and not all patentable ideas
meet criteria set by the USPTO (Hall, Jaffe & Trajtenberg, 2002). Although, patents
are a step in the right direction to reveal a truer innovation pattern it is neither a

completely comprehensive proxy.

The most significant upside with patents is that it enables large scale quantitative
assessment. However, all large scale studies come with its trade-offs. In our case, it
led to a simplified and superficial variable for the share of stock-based CEO
compensation. Although Compustat provided us with four valuable compensation
components there are still a vast amount of compensation data left unknown.

Particularly, criteria around stock awards and option awards, such as e.g. vesting
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periods, would make the variable more precise. However, such an approach would
significantly reduce the sample and require a more qualitative touch. Thus, we suggest
that future research tries out a more qualitative and behavioral approach with a detailed
investigation of CEO compensation contracts and its effect on explorative patent

production.

Furthermore, we leave for future research to identify control variables that can aid to
explain the remaining ~90% of variation in the degree of exploration, ceteris paribus.
Certain adjustments to the dependent variable and the main predictor variable, the
share of stock-based CEO compensation, might also help the explanatory power. We
sincerely hope that future research finds our novel model useful and we welcome any

incremental improvements to the model. It is a rare art to get it spot on the first attempt.

A major control we hoped to execute ourselves was to test the model on a control
industry, preferably characterized as low-tech. This would function as a quality control
to the model, where strong deviations in the findings between the industries would
indicate a well-fitted model. Worst case, such a study could provide strong indications
of whether the model is obsolete and nothing more than a complex construct without

measurement capability.
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Appendix

Figure 10 Histogram — debt ratio
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Figure 11 Histogram — value share of compensation
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Figure 12 Scatter plot exploration & industry
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Figure 14 Scatter plot exploration & age
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Figure 16 Scatter plot exploration & debt ratio
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Figure 17 Scatter plot exploration & market value
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Figure 18 Multiple regression w/ all

interaction variables

Figure 19 Multiple regression w/
age*tenure & industry*debt ratio

Model
P-value 0,177
R-squared 0,123
Observations 119
Independent variables
Value share of comp. 0,096
0,432
Market value 0,160
0,962
Debt ratio 0,043
0,622
Age -0,005
0,032
Tenure -0,006
0,220
Gender 0,014
0,651
Industry -0,005
0,671
Age*Tenure 0,000
0,023
Industry*Value share... -0,004
0,788
Value share*Market val -0,936
0,807
Industry*Market value 0,337
0,180
Industry*Debt ratio 0,005
0,622

Model
P-value 0,072
R-squared 0,106
Observations 119
Independent variables
Value share of comp. 0,070
0,244
Market value 0,687
0,139
Debt ratio 0,042
0,638
Age -0,006
0,024
Tenure -0,006
0,166
Gender 0,010
0,719
Industry -0,004
0,621
Age*Tenure 0,000
0,015
Industry*Debt ratio 0,005
0,667

Figure 20 Multiple regression w/

age*tenure & industry*market value

Figure 21 Multiple regression w/

age*tenure & industry*value share

Model
P-value 0,069
R-squared 0,122
Observations 119
Independent variables
Value share of comp. 0,058
0,345
Market value -0,518
0,452
Debt ratio 0,085
0,034
Age -0,005
0,028
Tenure -0,005
0,239
Gender 0,016
0,607
Industry -0,005
0,302
Age*Tenure 0,000
0,027
Industry*Market value 0,336
0,086

Model
P-value 0,077
R-squared 0,106
Observations 119
Independent variables
Value share of comp. 0,042
0,708
Market value 0,744
0,091
Debt ratio 0,079
0,050
Age -0,006
0,027
Tenure -0,006
0,172
Gender 0,012
0,704
Industry -0,003
0,707
Age*Tenure 0,000
0,016
Industry*Value share... 0,003
0,807
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Figure 22 Multiple regression w/
age*tenure & value share of
comp.*market value

Figure 23 Multiple regression w/

Model
P-value 0,070
R-squared 0,111
Observations 119
Independent variables
Value share of comp. 0,086
0,162
Market value 0,462
0,063
Debt ratio 0,081
0,040
Age -0,005
0,027
Tenure -0,006
0,170
Gender 0,011
0,697
Industry -0,002
0,541
Age*Tenure 0,000
0,014
Value share..*Market vi -0,488
0,107

industry*debt ratio
Model
P-value 0,098
R-squared 0,092
Observations 119
Independent variables
Value share of comp. 0,058
0,323
Market value 0,710
0,122
Debt ratio 0,041
0,649
Age -0,004
0,067
Tenure 0,003
0,182
Gender 0,005
0,878
Industry -0,004
0,596
Industry*Debt ratio 0,005
0,653

Figure 24 Multiple regression w/
industry*market value

Model
P-value 0,078
R-squared 0,110
Observations 119
Independent variables
Value share of comp. 0,046
0,438
Market value -0,581
0,396
Debt ratio 0,086
0,033
Age -0,004
0,071
Tenure 0,003
0,160
Gender 0,011
0,737
Industry -0,005
0,260
Industry*Market value 0,359
0,060

Figure 25 Multiple regression w/
industry*value share of compensation

Model
P-value 0,107
R-squared 0,092
Observations 119
Independent variables
Value share of comp. 0,001
0,993
Market value 0,818
0,061
Debt ratio 0,079
0,052
Age -0,004
0,071
Tenure 0,003
0,179
Gender 0,009
0,786
Industry -0,006
0,552
Industry*Value share... 0,007
0,632
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Fi 27 Multipl i .
Figure 26 Multiple regression w/ lgure ultipie regression exc

value share of comp.*market value gender
Model Model
P-value 0,084 P-value 0,028
Obsbrvations 210 R-squared 0.105
Observations 119
Independent variables -
Value share of comp. 0,074 Independent variables
0,216 Value share of comp. 0,073
Market value 0,482 0,210
0,050 Market value 0,696
Debt ratio 0,082 0,129
0,039 Debt ratio 0,080
Age -0,004 0,040
0,075 Age -0,006
Tenure 0001C7)f 0.021
Gender 0,006 Tenure -0,006
0,853 0,157
Industry -0,002 Industry -0,001
0,502 0,688
Value share...*Market v -0,510 Age*Tenure 0,000
0,091 0,014
Figure 28 Multiple regression excl Figure 29 Multiple regression excl
gender & industry gender, industry, tenure & age*tenure
Model Model
P-value 0,016 P-value 0,005
R-squared 0,105 R-squared 0,051
Observations 119 Observations 119
Independent variables Independent variables
Value share of comp. 0,075 Value share of comp. 0,065
0,195 0,284
Market value 0,763 Market value 0,675
0,105 0,108
Debt ratio 0,084 Debt ratio 0,064
0,028 0,074
Age -0,006
0,020 . . i
Tenure -0,006 ,.C/gure 30 Multiple regression excl gender,
industry, tenure, age, age*tenure
0,141
Age*Tenure 0,000 Model
0,012 P-value 0,012
R-squared 0,073
Observations 119

Independent variables

Value share of comp. 0,056
0,345
Market value 0,731
0,094
Debt ratio 0,069
0,052
Age -0,003

0,126
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Figure 31 Kdensity test tenure
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Figure 32 Kdensity test age
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Figure 33 Kdensity test debt ratio
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Figure 34 Kdensity test market value
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Figure 35 Ladder tenure

Transformation formula chiZ (Z) P(chiZ)
cubic tenure”™3 0.000
sguare tenure™2 . 0.000
identity tenure T1.28 0.000
square root sgrt (tenure) 15.77 0.000
log log (tenure)

1/ (square root) 1/sqgrt (tenure)

inverse 1/tenure

1/=square 1/ (tenure™2

1l/cubic 1/ (tenure"3)

Figure 36 Ladder age

Transformation formula chiZ (2} P{chiZ}
cubic age™3 . 0.000
sguare age™2 49.57 0.000
identity age 15.07 0.000
sguare root sgrt (age) .07 0.011
log log (age) 4 22 0.121
1/ (3quare root) 1/=qgrtiage) 4,28 0.118
inverse 1l/age 7.159 0.027
1/square 1/ (age™Z 16.06 0.000
1/cubic 1/ (age"3) 27.10 0.000
Figure 37 Ladder debt ratio

Transformation formala chiZ(Z) PichiZ)
cubic debtra~o™3 . 0.000
Iguare debtra~o™Z 47.35 0.000
identity debtra~o 9.96 0.007
sguare root sgrt (debtra~o) 0.14 0.931
log log (debtra~o) 7.93 0.019
1/ (sguare root) 1l/=sgrt (debtra~o) 26.02 0.000
inverse l/debtra~o 48.79 0.000
1/square 1/ (debtra~o™Z 0.000
l/cubic 1/ ({debtra~o™3) 0.000
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Figure 38 Ladder market value

Transformation formala chiZ(Z) P(chiZ)
cubic mkvalt™3 0.000
sguare mkwvalt™2 0.000
identity mkvalt . 0.000
square root sgrt (mkwvalt) 41.16 0.000
log log (mkvalt) 2.68 0.261
1/ (3quare root) 1/sqgrtc (mkvalt) 61.12 0.000
inverse 1/mkvalt 0.000
1/=quare 1/ (mkwvalt™2) 0.000
1l/cubic 1/ (mkwvalt™3) 0O.000
Figure 39 Ladder value share of compensation

Transformation formula chiZ(Z2) P(chiZ)
cubic wvsshar~p™3 36.592 0.000
sguare veshar~p"2 42 .75 0.000
identity wveshar~p 10.52 0.005
square root sgrt (vsshar~p) 32.16 0.000
log log (vesshar~p)

1/ (square root) 1/=sqgrt (vsshar~p)

inverse 1/vashar~p

1/=square 1/ (vesshar~p™2

1/cukbic 1/ (vsshar~p"3)
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