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Chapter 4

Towards an Improved
Measurement Method

4.1 Introduction

In this section, we set the preliminary assumptions for the “discrimination
concept” of the second generation patent citations that we employed. We will
then expand on the empirical dynamic algorithm for the second generation
lambda factor, following with the integration of the dynamic forward and back-
ward factors into the new Forward Dimension Technology Importance (FDTI)
and the Backward Dimension Technology Importance (BDTI). The last section
will present a new index, i.e. Patent Innovation Technology Factor (PITF), to
support the scientific community in its attempts to quantify technology.

4.2 Assumptions

We postulated the following:

Patent citations indicate links between patented innovations. This is condu-
cive to compulsory standards, set by patent authorities, by which the inventor
must abide. Citation information about a new invention based on previous in-
ventions is presented on the official patent registration forms.

We adopted the assumptions posited by the Jaffe and Trajtenberg group (Jaffe
and Trajtenberg, 2002) that when “patent B cites patent A of patent this points to
a flow of knowledge from A to B, and therefore may constitute a ‘paper trail’ for
technology knowledge spillover”.

These assumptions were based on the concept of the Journal Impact Factor
used for the rate of importance of scientific articles. As Article B is cited in ten
articles while Article A is cited in fifty articles, Article A is therefore considered
cited as a more significant reference.

Second generation patent citations may indicate the amplification of “Techno-
logical Importance”. The assumption is that citing patents are more important
than cited patents, while forward second generation patents (citing) are more
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important than backward second generation patents. Still, as the majority of the
studies using forward patent citations conclude (Sapsalis, 2006), it is probable
that the most significant factor is that the number of forward patent citations is
closely associated with the importance value of a patent. Thus, backward cita-
tion information constitutes the primary point of departure for further research,
and will determine the nature of the research. Forward citation information will
be informative concerning the subsequent impact of research outcomes.

4.3 Second generation Patent Discrimination

Following identification of the problems in the accuracy of equations Eq; 1)
and Eq(, 5 in section 2.5 above, we found that one of the main problems is the
lack of differentiation between citing and cited patents. We will explore this issue
by employing the Backward Dimension in the manner used for the Forward
Dimension.

We expanded Figure 2.6 to produce Figure 4.6 by discriminating between each
patent’s second generation backward and forward. For example, P1b, backward
first generation in Figure 2.6 consists of seven second generation patents. In
Figure 4.6, we plotted the same seven patents; however, four were cited patents
and three citing patents. The discrimination concept clearly describes the differ-
ence between second generation patents that were cited or citing in the forward
and backward dimension.

Six groups of patents were obtained (Figure 4.1).

These groups will constitute the base for generating calculations and establish-
ing our hypotheses.

Patent,,,)- Measured patent. Patent (Mp)

Frg) - Forward Dimension, first generation patents. A

B g - Backward Dimension, first generation patents.

Bse) - Backward Dimension, second generation forward patents.

Fisen) - Forward Dimension, second generation forward patents.

B (sgn) - Backward Dimension, second generation backward patents. l

Fisgb) - Forward Dimension, second generation backward patents.
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Figure 4.1 Patent Construction extended Explanation
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The discrimination of second generation patents in Figure 4.1 produces an
improved resolution of the different second generation groups of patents. Com-
pared to results for four groups (Jaffe and Trajtenberg, 2002), we generated six
patent groups to express patent technological importance. Six groups were gen-
erated based on the assumptions that citing patents are more important than
cited patents and that forward second generation patents (citing) are more im-
portant than backward second generation patents. After distinguishing between
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the forward and backward first and second generation patent citations, and dis-
criminating between the number of forward and backward first and second gen-
eration patent citations, we can determine the dynamic second generation
weighted factor for the second generation patent.

4.4 Dynamic Second Generation Patent Weighted Factor:
Empirical Algorithm

The pioneer researchers who developed the basic equations arbitrarily deter-
mined the relative weight of second generation patents as half the weight of first
generation patents, i.e. the weighted factor for Forward and Backward second
generation patents is always A = 0.5. Their decision was comprehensive and did
not take into consideration distinctions between citing and cited second genera-
tion patents. Accordingly, we stressed the necessity for an equation that would
manifest the weight of A in second generation patents, while emphasizing that
citing patents would receive a greater weight than cited patents. The purpose of
the new weight was to express both the Forward Dimension and Backward Di-
mension second generation patent weight in a dynamic manner, according to
the total quantity of second generation patents, and a greater weight to citing
patents of the second generation. We plan to generate a new dynamic A factor
through the discrimination of the second generation citing and cited patents.
This will lead to an improved resolution of patent importance. We plan to use the
basic Eq(y 1) for IMPORTF gy, and to substitute the fixed lambda factor of 0.5 with
the new lambda dynamic forward.

4.5 Dynamic Weighted Factor: Forward Dimension

In the following case, we describe the Measured Patent - Patent ), the patent
that we want to analyze. This patent has one first generation patent P1f in the
forward dimension, and there are the second generation patents, of which four
patents were cited and four patents citing patents.

Patents P1b, P2b and P3b represent the first generation backward dimension.

In this case we describe the measured patent - Patent,,, the patent that we
want to analyze. Patent(,,, has one first generation patent P1f in the forward



Towards an Improved Measurement Method 55

dimension, and there are four patents that were cited O and four patents citing ‘
patents.

Patents P1b, P2b, P3b represent the first generation backward dimension.

Figure 4.2 Dynamic Weighted Factor: Forward Dimension

EREE
1976
Backward Dimension Backward Dimension
—-—— - Patent (Mp) —— -
Forward Dimension Forward Dimension
F(sgb) F(sgh)
Backward - Cited Forward - Citing /
1976 2012

The dynamic weight factor was developed empirically. Considering assump-
tions, we arrived at an empirical algorithm for the dynamic A factor of the second
generation forward and backward citation patents.

We adopted the Jaffe and Trajtenberg (2002) assumption that every first gener-
ation patent receives the value of one Apgrgyp15)=1

The main idea is to generate individual factors for the second generation pa-
tents - Apsgypip SO as to project the dynamic weight to express technological
importance. We arrived at the conclusion that the best way to express the second
generation weight was by employing the following equation:

Eq1)

Fisgr)(p1n)

)‘Ff P1f) =
EOEID ™ F g p1n) + Frsghyp1n
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Where:

Ag(tsg)(P1f) = A F Dynamic Forward Dimension for P1f patent second genera-
tion patents

P1f =Patent P1, Forward dimension, first generation. (Figure 4.2)

Fisen =Forward Dimension, second generation forward patents.(citing)

Fisgh) =Forward Dimension, second generation backward patents.(cited)

In order to avoid zero and infinity results we did the following:

The value of one was added to the numerator - F(g 1y to avoid zero results
0 Apctsgy(pif) figure.

The value of one was added to the denominator to avoid infinity results to
AR (fse) (P16 figure.

Eq(42)

_ 1+F(sgr) (p1f)
1+F(sgr)(P1£) +F(sgb)(P1£)

Ag(rsg)(P1f)

We will analyze the Lambda forward results for: Apsg)pip for P1f to demon-
strate the process of calculation.

The Lambda forward results for: A ssgyp1r) (Figure 4.2) are:

Equs)
A _ 1+F(sgp)(p1f) _ 1+4 5
F(fsg)(P1f) 1+F(ng)(p1f)+F(Sgb)(])1f) 1+4+4 9
Then

5
)LF(fsg)(Plf) = 6
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4.6 Dynamic Weighted Factor: Backward Dimension

In the following section we describe Patent ), the analyzed patent. This pa-
tent has three first generation patents, P1b, P2b and P3b, in the backward di-
mension.

We will concentrate on patent P2b first generation Backward that has one cited
patent and two citing patents in the backward dimension. Patents P1f represent
the first generation forward dimension.

In this case we describe Patent ), the patent that we want to analyze. This pa-
tent has three first generation patents, P1b, P2b, P3b, in the backward dimen-
sion.

We will concentrate on patent P2b first generation Backward that has one cited
patentl and two | I citing patent in the backward dimension.

Patents P1f represent the first generation, Forward Dimension.

Figure Dynamic Weighted Factor: Backward Dimension )
1976

B(sgb) | I I B(sgf)
|
1
P1b P2b P3b
Backward Dimension Backward Dimension
Forward Dimension Forward Dimension
F(sgb)
y
Backward - Cited Forward - Citing

1976 N 2012
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The assumption is that every first generation patent receives the value of one,

ArGp1b) =1

The main idea is to generate an individual lambda factor for each second gen-
eration patent - A,sq)p2)- In that way we will project the dynamic weight to ex-
press the technological importance.

We arrived empirically at the conclusion that the best way to express the sec-
ond generation weight is through the following equation:

Eqq
_ B(sgf)(p2b)
ApB(bsg)(P2b) = B B
(sgh)(P2b) T B(sgh)(p2p)
Where:
ApB(bsg)(P2b) = Dynamic, Backward Dimension for P2 patent second genera-
tion patents
P2b = Patent 2b first generation Backward Dimension. (See Figure 4.3)
Bsgn(p2b) = Backward Dimemsion second generation forward patents. (citing)
B (sgb)(P2b) =Backward Dimension second generation backward patents. (cited)

The value of one was added to the numerator to avoid zero results.
The value of one was added to the denominator to avoid infinity results.

The empirical dynamic lambda factor for P2b is as follows:

Eqqs)

1 + Bsgn(p2m)

)LDBb P2b) =
GBI ™ 1 + Bsgrypzn) + Bsgh)(pzb)
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We will analyze the lambda forward results for: Apgsgyp15) for P2b to demon-
strate the process of calculation.

The lambda backward results for: Ap,sgyp2py from (Figure 4.3)

Eq e
A _ 1+ B(ng)(pr) _ 1+2 _ 3
DB(b. P2b) — - - A
(bsg)( ) 1+ B(ng)(pr) + B(Sgb)(PZb) 1+24+1 4
Then

3
)‘DB(bsg)(PZb) = Z

4.7 Forward and Backward Dimension Technology
Importance

In this section, we will integrate the dynamic weighting factor forward dimen-
sion into the Forward Dimension Technology Importance (FDTI) that will re-
place the IMPORTFE(JT)E equation, followed by calculations of FDTI based on
Figure 4.2.

We will continue with the integration of the dynamic weighting factor back-
ward dimension into the Backward Dimension Technology Importance (BDTI)
followed by calculations of BDTI based on Figure 4.3.

4.7.1 Forward Dimension Technology Importance (FDTI)

In this section, we will integrate the dynamic forward dimension equation re-
sults into the new Forward Dimension Technology Importance equation. In
order to give more weight to the citing patents we decided to multiply the citing
patents by the results of A pry lambda dynamic results.

Equ7)

FDTImpp1) = Frap1) + (Fisgnpin) (Aorsg)
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Where:
FDTIp)p1) = Forward dimension technology importance of measured patent.
Frep1) = Patent P1, Forward dimension, first generation.

Aprep1y) = A Dynamic Forward Dimension. of P1 patent.

We have calculated the Lambda dynamic results

Equs)
A _ Fisgnp1)
F(f P1f) —
@O0 Fiogyp1n) + Frsghyp1n
Eq4.9)

Fsgn (p1r) )

FDTlupp1) = Frapn) + (Fisgneern) (F F
sen®1n T Fisgnypin

Eq(410)

Fisgn(p1n’

FDTImpyp1) = Frep1) +
MPEL T TEEPD T F o @1n) + Frsgoypin

The Forward Dimension Technological Importance FDTIy, 1) equals the
Forward first generation of the Measured Patent plus the forward second genera-
tion forward patent of P1 - F(54r) 1 multiplied by the Forward second genera-
tion forward patent Fgf) 1y group plus one, divided by the sum of the Forward
second generation forward F s 1) and Forward second generation backward
Fsgp)(p1y Plus one. As previously, the value of one was added to the numerator to
avoid zero results and the value of one was added to the denominator to avoid
infinity results for the A pf, figure.

The value of one was added to the denominator to avoid infinity results to
FDTI 4, figure.
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Equai)

1+ Fegn(p1n)”

FDTI(p1) = Fgepyy +
D 7 TEGPD T 1+ Fragneen + Fsgbypin)

Where:

FDTI yp)p1) = Forward Dimension Technology Importance of measured patent.
Ferep1) = Forward Dimension, first generation patent P1.

Fsgpp1) = Forward Dimension, second generation forward patents (P1)
Fisgb)(P16) = Forward Dimension, second generation backward patents. (P1)

We used the basic Eq(; ;) and substituted the dynamic Eq(,, for the fixed
lambda factor of 0.5. The first generation patents received a lambda equal to one,
and the second generation patents received the dynamic lambda as described in
Eqq.1)-

Forward Technology Importance equals the sum of forward, first generation
patents plus the sum of the second generation forward group of patents to the
power of two, divided by the sum of forward and backward second generation of
patents plus one.

The value of one was added to avoid zero results to FDT,, figure.

Eq412)
PF(FG)=Pn PF (sg)=p
- 1+ F(sgf)
FDTlp =1+ Z Feo + Z 1+ Figp) + F,
PF(rG)=P1 PF(sg)=p1 (s5D) (sgt)
Where:
FDTI - Forward Dimension Technology Importance of measured patent
Frg) - Forward Dimension, first generation patents
PF(sg)-p1 - Forward Dimension, second generation, first patent
PF(sg)=pn - Forward Dimension, second generation, last patent
Fise) - Forward Dimension, second generation, forward patents (Citing)

Fisgh) - Forward Dimension, second generation backward patents (cited)
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Solving the technological importance FDTIyy,, of Figure E

Eq13)
PF(rG)=Pn PF (sg)=pn
FDTI 1 F L+ Frsan
mpy = 14 O 1+ Figgp + Frsgn
PF(FG)=P1 PF(sg)=p1 (seD) (sgb)
Eqa

=1+ P1(FG) + P2(FG) + P3F(FG) + PA(FG) + P5(FG) + P6(FG) + FegmAprn)
+ FisgiyApzr) + Fisgrv)Apan + FsgiyApan + Fisgrv)Apsn
+ Fisgrmy Apory

Eq1s)

P1(FG) + P2(FG) + P3F(FG) + P4(FG) + P5(FG) + P6(FG)=1+1+1+1+1+1=6

Eq416)
1+F 2 1+ 42 17
FisgmyAp1ry = (sg0P1D = =—=19.88
Eqa7
Fieurm A 1+ Fgneran 1428 5 _ 43
fb 2f) = = =-z= 04U
CEMHPZ0 T 4 Frgnwzn + Fsgmezn  1+3+2 6
Eq418)
1+F2 1+52 26
(sgf)(P3f)
F fh A. f) — = =—= 3 71
CBMTPID 9 1 Frognean + Fisgn)pan 1+1+5 7
Eq419)
1+F2 1+12 2
(sgf)(P4f)
FsgiyApan = = === 0.40

1+ Fignpan + Fsgmyean  1+2+1° 5

Eq (420
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Fogmhesn = 1+ F(slgf)-tpz(:s)g:)'u;i:)gb)(l’sf) - 11—23:3 - 1_50 = 2.00
Equzn
F(sgfb)A(P“) - 1+ F(slgf)-::(js)g:)'(:i;b)wsf) - 12--;-%:1 = % =033
Eq422)

FDTIpp =1+6+9.88+0.83+3.71+0.40 +2.00 + 0.33=24.15

We used the basic Eq(;,) and substituted the dynamic Eq(, for the fixed
lambda factor of 0.5. The first generation patents received a lambda equal to one,
and the second generation patents received the dynamic lambda as described in
Equs)

Forward Technology Importance equals the sum of forward, first generation
patents plus the sum of the second generation forward group of patents to the
power of two, divided by the sum of forward and backward second generation of
patents plus one.

The value of one was added to avoid zero results for FDTI yp, .

4.7.2 Backward Dimension, Technology Importance FDTI(vp)

In this section, we integrate the dynamic backward dimension results equation
into the new Forward Dimension Technology Importance equation. In order to
give more weight to the citing patents we multiplied the citing patents with the
results of lambda dynamic results.

Eq423)

BDTIp)p20) = Berop1) + (Fisgnpzm)) (Aosiise))
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Where:

FDTImp)p1) - Forward Dimension Technology Importance of measured patent.
Brep1) -Patent P1, Backward dimension, first generation.

Appp1) - A Dynamic Backward dimension of P2b patents.

We have calculated the Lambda Dynamics results

Eq24)
A _ Bisgnp2b)
DB(f: P2b) —
(P2 B ogrypan) + Brsghy2b)
Eqz2s)

B(sgn(pzb) )

BDTIwp)p2b)y = Brarzn) + (Bsgnepzb)) <B B
(sgh(Pzb) T B(sgnypzb)

Eq26)

B(sgnp2n)”

BDTI mp)p2p) = Berep2ny +
MPP2) T PECPZD T B cary(pzn) + Bisghyp2b)

The Backward Dimension Technological Importance BDT ) p2p) €quals the
Backward first generation of the Measured Patent plus the backward second
generation forward patent to the power of two of P2b plus one divided by the
sum of the backward second generation forward B, p.ny and backward sec-
ond generation Bgppary Plus one. The backward dynamic factor
ApB(bsg)(p2b) €quals the Backward second generation forward group of patents of
P1- B(sgry(p2ny multiplied by the Backward second generation forward Bggf(p1)
plus one divided by the sum of the Backward second generation forward
Bsgryp1y Plus Backward second generation backward B(sgp)pony plus one. We
decided to add one to avoid infinity results.

In Apgepapy the value of one was added to the numerator to avoid zero results
and the value of one was added to the denominator to avoid infinity results.
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The empirical dynamic lambda factors are as follows:

Eq(s27)
App(p2b) = 1+ Begneezny :
1+ Bsgnepzn) + Bsgnypzn)
Where:
App(p2b) - 2 Dynamic Backward dimension of P2b patent.
P2b - Patent P2b first generation Backward Dimension,
B(sgr) -Backward Dimension, second generation forward patents (citing)
B sgp) -Backward Dimension, second generation backward patents (cited)

Backward Importance equals the sum of first generation backward patents
plus the sum of the second generation forward group of patents to the power of
two, divided by the sum of the second generation forward plus second genera-
tion backward patents plus one.

Eq429)

PB(rG)=pPn PB (sg)=Pn

BDTIyp) =1+ Bre) +
1+ Bsgn) + Bsgn)

PB(FG)=pP1 PB(sg)=p1
Where:
BDTI -Backward Dimension, Technology Importance of measured patent
PB(s5)-p1 Backward Dimension, first Patent, first Patent
PB (sg)-pn Backward Dimension first generation,last Patent
B(rc) - Backward Dimension, first generation patents
B(gr) - Backward Dimension, second generation forward patents (citing)

B sgp) - Backward Dimension,second generation backward Patents (cited)
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Eq(429)
PB(rG)=p PB (sg)=pn
BDTI 1 ) B g L+ Bsen
mpy =1+ O 1+ Biggp + Bsan
PB(rG)=P1 PB(sg)=p1 (58D (sgb)
Eq430)

=1+ P1(BG) + P2(BG) + P3F(BG) + B(szp15) Appp1b) + B(sgpzb)App(p2n)
+ Bsgpan)ApB(p3n)

Eq31)

P1(BG) + P2(BG) + P3F(BG)=1+1+1=3

Eq32)
1+B 2 1+ 32 10
)‘DB(Plb) = (sgD(P10) = =—=125
1+ B(sgf)(Plb) + B(sgB)(Plb) 1+4+3 8
Eq433)
N B 1+ Biegrypzn)? _1+2° 5 120
b) — = =—-=1
DB(P2D) 1 + Biegrypzn) + Bgmypny 1+1+2 4
Eqa34)
1 _ 1+ B(sgf)(p3b)2 _ 1+ 22 _ 5 —0.70
3b) = = =5=0
PBPSD) 1 + Bisypypan) + Bisgrypsny 1+4+2 7
Eq43s)

BDTImp =1+3+1.25+1.20+0.70="7.15
BDTl ) =24.70

BDTl ) = 7.15
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