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Abbreviations

AST Investment in plant and equipment, used for firm sze control varigble
PROF Annud operating income

R&D Research and devel opment

RDE Annud research and development expenditures per dollar revenue

SEMP Annua saes revenues per employee, used for the firm control productivity variable
TECCT  Technologicd CydeTime
TECST Technologica Strength
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l. Introduction

Research and development (R&D) of aproduct or service plays an important role of the economic
well-being of anation, the profitability of an enterprise, the effectiveness of atechnology-based
governmental agency, and the enormous investments nations make in R&D activities.

It isthe importance of the results of R& D that contribute to the success of the company, respectively
the economic system of anation. Thisimportance isadriver to look at the relations between efforts,
respectively R& D spending, and the output variables, that contribute to the R& D performance, and in
addition to this the company’ s success, however these variables will be defined.

If causdl rations are known and proved with mathematica, respectively satistica tools, then you can
concentrate on the input variables to gain the efficiency of R&D, as a necessary precondition for a
company’ s SUCCeSs.

. Discussed Conceptsin the Resear ch Paper

In the selected research paper R12 from C.Carls Pegelsand M. V. Thirumurthy is examined a prove
of the effects and causd relationship between R&D investment (measured in terms of R& D expenditure)
and firm performance (expressed with annual operating income of the company). These R& D efforts
have then the potentia to provide competitive advantage resulting in improved firm performance. R&D is
to implement in the business strategy, because R& D is anecessary precondition for interna technology
development, respectively technology transfer for abase of the own technologica strength.

Inthisarticle R&D drategy is defined as the R&D efforts. This article emphases two important
measures of the technologica competitiveness of firms: the technologica strength (TECST), based on the
number and the current impact index of the firm's products, and the technological cycle time (TECCT). It
will be shown that these variables have a strong impact on the firm's success variable annua operating
income (PROF).

The authors introduce furthermore two proxy variables for the contral of the firm's sze measured by
invesment in plant and equipment (AST), and firm productivity, measured by the annual sales revenues
per employee(SEMP) for the firm productivity control varigble.

The results of the article are empirica proved by a sample of 49 larger companies from 13 industry
groups. The results from this survey served as an input for the multiple regresson modd, whichis
declared in the next section. The variables from TECST and TECCT were obtained from the Business
Week [4], and their source Chi Research Inc. The financial data needed for this sudy was gathered from
the Compudtat files. Thisannua report in the business week brings a scoreboard in which are 897
companies from 40 industry groups and subgroups examined. As amatter of fact thissurvey in the
Business Week was the motif for he article of the authors, to give evidence that Smple correlation
gpplied by the business week is not sufficient.

The authors are going to criticize the gpplication of the smple correlation modd &t the detaiin the
business week: "The weakness of the Business Week study liesin the fact that statistically simple
correlation coefficients can be relatively weak indicators of a relationship between two
variables."[5] Thismight be true, but the article in the Business Week is ot going to overemphasize the
founded high corrdation about R& D spending per employee and sales per employee. Furthermore the
Business Week states. "Satistics can never establish causality,.."[4] Asamatter of fact the authorsin
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the selected research paper overemphasizes their findings by interpreting survey data with their own
gatistica model, expressed through three equations, that show the interdependencies of the above
mentioned eight variables. The problem is the rdaive smal sample size of the sudy of the authors. This
will be discussed in section V.

[Il.  Methodology used in the Resear ch Paper

The methodology in the paper isthe usage of Satistics, respectively mathematical methods to
evidence a correlation between dependent and independent variables to declare that Smple corrdlation is
not sufficient for relation between R& D spending and company's success and to sate that it isthe
increased knowledge which contributes to the success of a company. The authors gpply first the smple
correlaion on their modd to prove areationship among the 28 pairs of the eight variables.

The modd they build is expressed with the following equations:

1) PROF = f (AST,SEMP,TECCT) ,
2) TECCT = f (TECST,RDE),
3) TECST = f (RDE, AST).

The complete model isshown in Figure 1. It is not the objective of this paper to rewrite the work,

which isdonein [5], but the drawing is necessary to get a grip from the network of dependencies.

RDE

AST N | roe |

|—+—| TECST |
- | teceT +

:

Figure 1: Individual Equations Framework [5]

The hypotheses of the authors are: RDE will have a positive impact on PROF, TECCT will have a
negative impact on PROF, because the lower the TECCT the more effective is the firm in managing its
R&D, and TECST will have a postive impact on PROF.

To go alittle bit deeper for understanding the reasons, why the authors are not satisfied with the
ample correlation of the sudy in the Business Week; it is necessary to explain the used methodology.

Correlation andlysis used in the research paper isa datitic tool, that describes the degree to which
one varidbleislinearly linked to another. The Analys's used in conjunction with regresson andyss
measures how well the regression line explain the variation of the dependent variable. In addition to this
correlation analys's measures show the degree of association between two (or more) variables. [27]

The mathematica model for the Smple regresson for one predictor is:

y. =b, +b,x +e , withi= 12,...,n.[1]
b Regression coefficient, € error

The second methodol ogy applied from the above mentioned three equations is the multiple regression
andyss. Multiple regresson (one dependent varigble) is smilar to the smple regresson modd, but we
use a matrix with the scores of the subjects on the predictors.
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Y=XB+E [1]

This regresson mode is applied on each equation. Besides this a three stage least squares agpproach
is done with each equation.

Why do the authors using the regression model and the equations? The equations are expressing the
dependencies between the variables. Thismode shows that R& D expenditures are not directly linked to
the business firm's success, but linked to technologica strength (TECST). In the next stage technologica
grength has an impact on technologica cycle time (TECCT). Technologica cyde time influences then the
annua expected income (PROF) interpreted as the firm's success variable; not mentioned here the
influences of SEMP, RDE, and AST. It isatwo step mode, that is different from the assumptions of the
study in the Business Week, that prove directly linkages between R& D expenditures and firm's success
variables.

As mentioned above the whole mode, respectively the hypothesis was examined on a sample of 49
larger companies, drawn from 13 industry groups.

Thereaults are: RDE has impact on PROF, and the two technology variables TECST and TECCT
have complementary impact on the firm'’ s performance measured by the corporate PROF with controls
for firm sze (AST) and firm productivity (SEMP).

These results confirm the surveys and correlation analyses in the Business Week, that R& D spending
has a pogitive impact on business success.

The overdl assumption is. “accumulation of knowledge and TECST resulting from R& D efforts
contribute to the performance of the firm.” [5]

The authors propose, that “the real impact of R&D expendituresison TECCT and TECST."[5]
Furthermore the authors found that the lower the TECST and the higher the TECCT, the better isthe
firm performance. In addition to this the authors sate: “ ...the higher the SEMP and the larger the
accumulated assets the higher isthe firm' s performance.”[5]

The results are well formulated, because the sample confirms the impacts and relaions, which are
described in the modd.

In fact the authors are not going to diminate the factor R& D expenditures, respectively R& D drategy, to
the firm’s success. “Also, firm performance is causally related to more factors than just technology
level” [5].

A very good statement is the critics on their own metrics, as following: “.. .these three measures are not
exhaustive, ..”.[5]

In conclusion the paper wants to test, whether increased knowledge contributes to a performance of a
company which was successful.

IV.  Comparisonswith other Researchersin the Related Fieldsand Contributions of this
Paper

Thereisalot of research done in thisfield to find out, how high is the correlation between severd input
and output variables, how to measure R&D performance, and how to define models for R&D drategy
and their success.

Mitchell and Hamilton state: “Major purpose of an R& D option is to influence the future investment
favorably, either by lowering costs or by increasing returns’[23]

A digtinction between the individud project level and firm level on measuring R& D performance occur in
the literature.
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Firg it is necessary to summarize some research done on the R& D project level.

Cooper [16] presents 12 clusters of R& D performance, each composed of severa subindexes.
Within the clugters, the sample is divided into three groups: high, medium, and low scorers. The
“important” clusters are identified as those with the largest difference in the percentage of successful
projects between the high, medium, and low scorers. Then the clusters expressing a combination of R& D
output, process, strategy, and externd market conditions.

Zirger and Maidique [17] build on their own survey of 330 in new products in the eectronic industry
aframework of key capabilities for project success. In this study marketing and manufacturing functions
are included.

Clark and Fujimoto ’s study of the world car manufacturer use three key R&D performance
measures. engineering productivity, time to market, and tota product quality. [18]

Rillai, Rao and Srinivasa[19] describing anew approach for the performance monitoring of R&D
projects. They designed agraphic tool, named PACT, that consists of data base for time, cost and
progress.

A broad list of metrics, how to measure the effects of R&D is shown in astudy of Tipping, Zeffren and
Fusteld. Their metrics are referring to the project and company level of R&D. [21]

We can see there are different vauations of how to measure R& D performance. Here in this case the
authorsusing TECCT and TECST as the variables to describe the performance of R&D. The variable
which describes the firm’ s successis the variable PROF-.

On the company level of R&D performance is dso research done to examine R& D spending and the
results on these expenditures.

Cordero [20] measures the output with quantitative monetary measures (revenue, rate of return,
percent of new product saes, and business opportunities), quantitative nonmonetary measures (market
share, number of new products, publications and patents), and qualitative measures (profile, subjective
revues).

Griffin an Page identify 14 most widely used product performance measures and classify them into
four categories, as customer acceptance, financial success, product and project success, and firm leve
measures,[25]

Brown and Gobeli usng a list of 10 mostly preferred measures of R& D performance in seven
categories. [26]

The prove of correlation between variables occur in the following articles.

Parasuraman and Zeren conclude that, “...in general, R& D expenditures have fairly strong
associations with profits and sales,..” [6]. They mentioned aso strong time-lag effects of R&D
gpending on sdes “evidence is there of time lagged effects of R& D expenditures appears to
indicate a stronger, and per haps more meaningful, effect on sales than on profits”[6].

These lag effects are build in the research paper R12 by usng RDE data from 1989, and using data for
the other variables from 1991. This assumesthe lag time for R& D expenditures of approximately 2
years, but do we know this when the R& D strategy has an impact on firm' s success? Pakes and
Shankerman (1984) suggests, that firms expect revenue returns to R& D spending to begin within 1.2 and
2.5 years[7]

Thistimelagisared problem. If you use data, eg., from 1990 for dl variables for the prove of a
correlation model, then you don’t prove a causal relaion, even thereis a strong correlation between
variables. Dueto thetime lag it is necessary to use severd data from years before to show in detail the
impacts of the output variables from 1990. In this fact the paper is not a contribution, but is was not the
am of the authors to figure out the time lags in certain industry groups.
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PIMS studies have shown that R& D/Sdes is more often, and generally, more strongly, correlated
with sales growth.[8]

Morbey found relationships between R& D expenditures and profit growth, but not in agenerdizable
way.[14]

He usesthree levels of andyss: an industry composite analysis to show that R& D overdl hasincreased
deadily each year Snce 1981, aacross industry andyss shows that only by examining high-research
intensve industries (R& D) is a correlation between R& D intengity and profit growth, and across firm
andysswithin indudries.

“The relationship between R& D intensity of industries and profit growth is generally
insificant.”[14]

In another study from 1990 Morbey and Reithner is proved that there is a very strong correlation
between average R& D expenditure per employee and subsequent company profit margin and sales per
employee.[15]

Brenner and Rushton [8] could not find a rdationship indicating that above average R&D investors
had prior above average saes growth, whereas sales growth is consistently related to prior R& D/Sales.

Szakonyi [22] concentrates entirely on the process proposing to measure R& D effectiveness by the
presence and sophigtication of forma proceduresin 10 areas: project sdection, planning, idea
generdion, qudity control, people motivation, crossdisziplinary teams, cooperation with marketing,
manufacturing, finance, and rategy.

Other researchers developed econometric models to predict corporate performance, with varying
success[12][13]

Some empirica generdizations from William Boulding and Richard Stadlin are very interesting.[13]
They date the following:

1) Investmentin R&D leadsto (causes) demand-sde monopoly for firms that have either agood
market position or an easy competitive environment (but not both)

2) A firm obtains excess returns from a grategic action (asset) when it has both ability and motivation
advantageoudy use the asset

3) To assessthe generdization of a gtrategic action on firm performance, requires, at least conceptualy,
within and across firms anayses.

Other researchers have drawn models which predict the performance of R& D expenditures[9], [10]

The impacts of advertisng and R& D expenditures are discussed in [10], [11], [24].

Asamatter of fact the modd gpplied by the authors is unique. According to their hypothess, that the
technologica strength and knowledge contribute to the performance of the firm, and not only acertain
amount of R&D spending. In thisview the artidle isamilestone,

In conclusion to this the Research donein thisfied is not sufficient enough. There has to be more
gudies from an overd| viewpoint, that means referring to the whole industry, and not only project cases
and/or industry groups.
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V. Strengths and Weaknesses of the Selected Article

The Strength of the research paper from C. Carls Pegelsand M. V. Thirumurthy is the usage of
datistical models to prove the above mentioned hypothess.

The authors criticize the direct linkage of R& D expenditures, respectively R& D drategy and their
impact on the performance of afirm. It isastrength of thisarticle to try anew model of
interdependencies as shown in Figure 1.

Furthermore are the results well-stated on the base of ther findings in the sample-data. As a matter
fact the article is a contribution to the study of the business week, because the modd in the research
paper recommend the findings of the business week. The usage of metrics for the variables TECCT and
TECST ddivers the chance to quantify theimpacts. Only with aclear definition of these variables, what
was donein the paper, isaevauation of amode possble.

In addition to the measurable variables the authors use proxy variables: SEMP and AST to ensure
that the results are not affected firm sze and productivity.

The variable annual operating income is chosen, because it defines the net income and is not biased if
you would chose profit per employee.

The weaknesses of the paper arise from the definition of the technologica strength (TECST), which
is defined in this paper as the number and the current impact index of the firm' patents. The patent impact
index is criticized by Fogter: “ ...we have found that relatively few of our patents produce a large
businessimpact”.[2]

Furthermore is the variable TECCT defined by the medium age of the U.S. patent references cited in
the company’ s new patents. The lower the number, the more quickly the company is replacing one
generation of invention with another. Here is technological cycle time expressed through the usage of the
changing inventions, but as it is dready known invention maybe not dways contribute to innovation.

Another weskness is the small sample size of only 49 “larger” companies. Note that sample size (n)
and the number of predictors (K) are two crucid factors which determining how wel a given equation will
cross-vdidate (i.e. generdize). The n/k ratio is the crucia issue. For smal ratios (5:1) or lessthe
ghrinkage in predictive power can be substantid. A study by Guttman (1941) illustrates this point.[1] In
addition to the smadl sample size there maybe arise problems by making a sample from 13 industry
groups with a sample size of 49. Notice, then you are examining from each group only 3-4 candidates.
That can cause agreet bias, resulting in adifferent T- Statigtic with varying sgnificance levels from the first
sample, if you are going to make a second sample with the same preconditions.

This research paper from Pegels and Thirumurthy is a contribution to the research in the fidld of the
R&D drategy of companies and their impacts. The paper is conastent in stating the issues and presenting
the results. Nevertheless that there are some critics the paper is a further step in examining the issue
R&D. Infact the article is a path for other researchers to prove the two-step mode in a broader way,
means increasing the sample sze.

The problem we are faced by measuring impacts of R& D spending on firm's success is the different
usage of success variables in the literature. Furthermore arise problems how to measure R&D
productivity and how are the causd relations between the variables, as you can see from the different
usage of metricsin the past research in thisfield.

If you use satisticad models then it is dways necessary o take care of the causdlity.
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Causdity isthe great obstacle, that cannot be proved by application of atistical methods. Causality
can only be aresult of logicd thinking.

Furthermore arise time lag problems. How to handle this? There is dways an lag in the datistica deata
to build in. That meansif you are proving data, which expresses the success variable of a company, eg.
profit/employee, 0 you have to consder that R& D efforts from aformer period causes this output
varigble.

As dready mentioned the authors used atimelag of 2 years.

V1.  FutureResearch Fieldsfor Unanimity about R& D Effortsand their Impacts

The god isto achieve unanimity in the fidld of R& D about the effects and impacts by using acertain
R&D Strategy, and what should be the implications for amanager who isinvolved in the field R&D.

Future research fields might be usng amodd with variables, which might have an impact on business
success, not only the R& D dtrategy. Thiswill be very difficult, to creste a holistic mode which can show,
which part playsthe R&D spending on the overal business success.

Onething isdready clear and datistical proved: the R& D spending has a positive impact on business
success, if thisimpact is not decreased through other variables that might have been a greater part to the
business success. For insance marketing activities of acompany play agreet role to act successfully
againg the comptitors. If these expenditures in marketing were ineffective, the negative effect on the
business successis unavoidable.

The usage of consstent models is necessary. The overdl problem isto get quantitative measures. For
the variables TECCT and TECST, it was the number and influence of patents from acompany. In fact it
is indigpensable to define the right output variable. That means what kind of metricsis used to measure
the success, respectively effectiveness of R& D drategy. This could be the annua operating income
(PROF).

In conclusion to the paper of the authors it is SOmetimes necessary to narrowing the research field
under certain assumptions, that means you cannot have al results from the matter R& D within one work.
Research needs time to get good results, and that is often a further problem.



[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Engineering Management

Stevens, James
Foster, Ted W.
Roberts, Edward R.
Paris, A. J.

Pegels, C. Carl,
Thirumurthy, M. V.

Parasuraman, A., Zeren,

LindaM.

Pakes, A. M.
Schankerman, M.

Brenner, Morill, S.
Rushton, Brian M.

Green, Peter J.
Stark, Andrew W.
Thomeas, Hardy M.

Erickson, Gary
Jacobson, Robert

Chauvin, Keith W.
Hirschey, Mark

Quirmbach, Harman, C.

Boulding, William
Sadin, Richard

References

Applied multivariate Satigtics for

the socid sciences

Making R& D more effective a

Westinghouse

Benchmarking the Strategic
Management of Technology

How R&D spending pays-off

The Impact of Technology
Strategy on Firm Performance

R& D Rdationship with Profits and

Sdes
An Exploration into the

Determinants of the Research
Industy, R& D, Patents, and

Productivity

Sdes Growth and R&D in the

Chemicd Industry

UK Evidence on the Market
Vduation of Research and
Development Expenditures

Gaining Competitive Advantage

through Discretionary

Expenditures. the Returnsto R& D

and Advertisng

Advertisng, R&D Expenditures
and the Market Vaue of the Firm

R&D: Competition, Risk, and

Performance

|dentifying Generdizable Effects of
Strategic Actionson Frm

Performance

EMGT 520/620

2" Edition, LAWRENCE ERLBAUM
ASSOCIATES, PUBLISHERS 1992

Research and Technology Management,
Jan.-Feb. 1996, pp.31-37

Research and Technology Management,
Mar.-Apr. 1996, pp. 15-26

Business Week, 1989

|EEE Transactions on Engineering
Management, Vol. 43, No. 3, August
1996

Research Management, Jan.-Feb. 1983,
pp. 25-26

2vi Grilliches (Ed.), University of
Chicago Press, pp.209-232

Research and Technology Management,
Mar.-Apr. 1998, pp. 8-15

Journa of Business and Accounting,
March 1996, pp. 191-215

Management Science, vol. 38, No. 9,
Sept. 1992, pp. 1264-1279

Financial Management, Winter 1993, pp.
128-140

RAND Journd of Economics, Vol. 24,
No. 2, Summer 1993, pp. 157-193

Marketing Science, Val. 14, No. 3, Part
20f 2, 1995

10



[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Engineering Management

Morbey, Graham K.

Morbey, Graham K.

Reithner, Robert M.
Cooper, R. G.

Zirger, B. J.
Maidique, M. A.

Clark, K. B.
Fujimoto, T.

Pilla, A. Svathanu
Rao, SrinivasaK.

Codero, R.

Tipping, Jarus W.
Zeffren, Eugene
Fusdd, Alan R.

Szakonyi, Robert

Mitchdl, Graham R.

Hamilton, William F.

Holak, Susan L.
Parry, Mark E.
Song, Miched X.

Griffin, A.
Page, A. L.

Brown, Warren B.
Gobdi, David

Levin Richard I.
Rubin David S.

R&D Expenditures and Profit

Growth

How R&D affects Sdes Growth,
Productivity and Profitability

Debunking the Myth of New
Product Devel opment

A model of new product
development: An empirical test

Product Development

Performance

Performance monitoring in R&D

projects

The measurement of innovation
performancein thefirm: an

ovaview

Assessing the Vaue of Your

Technology

Measuring R& D Effectiveness - |1

Managing R&D as a Strategic

Option

The Relationship of R&D/Sdesto
Firm Performance: An
Investigation of Marketing

Contingencies

An interim report on measuring
product devel opment success and

falure
Obsarvations on the

Measurement of R&D
Productivity: A Case Study

Statigics for Management

EMGT 520/620

Research and Technology Management,
May-June, 1988, pp. 20-23

Research and Technology Management,
May-June, 1990, pp. 11-14

Research and Technology Management,
Jul.-Aug. 1994

Management Science, 36, 1990, pp.
867-883

Boston: Harvard Business School Press,
1991

Research and Technology Management,
Jan. 6™, 1996, pp. 57-65

Research Policy 19, 1990, pp.185-192

Research and Technology Management,
September-October 1995, pp. 22-44

Research and Technology Management,
May-June 1994, pp. 44-50

Research and Technology Management,
May-June 1988, pp. 15-22

Journd of Product Innovation
Management, 1991, 8, pp. 267-282

Journd of Product Innovation
Management 1993,10, pp. 291-308

|EEE Transactions on Enginesring
Management, Vol. 39, No. 4, November
1992, pp. 325-331

Fifth Edition, Prentice Hal, Englewood
and Cliffs, New Jersey

11



