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Abstract
Analyzing the persistence of the innovative activities can improve the understanding of firm dynamics, forecast the
effectiveness of different policy actions, reinforce innovation cycles and promote sustainable and responsible innovation
ecosystems. Innovation persistence was empirically analyzed for innovation leaders or even followers; still the literature
fails to provide evidence for moderate innovators. The present article appraises the innovative strategy of firms operating
in this context and their attitudes towards persistence, controlling for firm characteristics such as size, sector, R&D expenditures and human capital intensity. To do so, a balanced panel was built, encompassing three waves of the Portuguese
Community Innovation Survey (CIS), (2004 to 2010) including 1099 firms from different areas. The estimation of the
random effects probit model, evidenced that persistence hypothesis fails to be corroborated, evidencing no time dependent
innovation strategies. Such result suggests that innovation policy programs do not have long-lasting effect on innovative
behavior of firms and it is unlikely that incumbent past innovators be the drivers of creative accumulation and future
innovation. There is, however, some evidence that new, smaller, innovators might lead the creative wave. In this vein,
there might be a rational to encourage public policies targeting start-up firms and new market entrants when innovation
is the main primary funding goal.

Keywords: CIS, dynamic random effects probit, moderate innovators, persistence in innovation
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evidence may force rethinking the conventional policy
1.

Introduction
The rapid erosion of value in goods and services

caused by highly perishable technologies have been

practice of subsidizing start-up firms and new market entrants when innovation promotion is the primary funding
goal (Hecker and Ganter, 2014).

driven the increasing competition in internal and external

Understanding the links between past and present

markets (Bower and Christensen 1995; Vecchiato, 2017).

innovative behavior is critical in ‘Moderate innovators’

Innovation, conceived as the transformation of ideas, in-

(EC, 2017). Indeed, these countries present low innova-

formation and knowledge to improved competitiveness

tive profiles with the production of new technologies sel-

and sustained competitive advantage, is a central in firm

dom being the result of radical advances and the pro-

survival (Karlsson and Tavassoli, 2016).

cesses of R&D and innovation being influenced by a

As a driver of firm performance, innovation and its

myriad of factors, most notably technological opportuni-

persistence can help explain sustained competitive ad-

ties, market structure, demand conditions, firms’ capabil-

vantage and lasting inter firm performance differences

ities, organizational arrangements, and appropriability

(Cefis and Ciccarelli, 2005; Hecker and Ganter, 2014).

conditions (Le Bas and Latham, 2006; Altuzarra, 2017).

Innovation persistence relates “the feedbacks, accumula-

Up to the present date, a reasonable amount of em-

tion, and lock-in effects that arise from innovations and

pirical evidence regarding innovation persistence has

put the firm in a better position to seek new innovations,

been gathered, however, it is not yet fully understood

with the consequent increase in the odds of continuing to

(Juliao-Rossi and Schmutzler, 2016; Altuzarra, 2017).

achieve these” (Suárez, 2014: 726).

Most of extant research focus on the innovation persis-

The continuous innovative activity is of high inter-

tence of firms, mainly from the manufacturing sector, lo-

est in areas such as economics of innovation and applied

cated in ‘Innovation Leaders’ (e.g., Finland - Deschryv-

industrial economics (Tavassoli and Karlsson, 2015;

ere (2014); Germany - Hecker and Ganter (2014), Peters

Córcoles et al., 2016), an emerging area of empirical re-

(2009); Sweden - Karlsson and Tavassoli (2016),

search (Triguero et al., 2014), and a central issue for pub-

Tavassoli and Karlsson (2015)) or ‘Strong Innovators’

lic policy (Hecker and Ganter, 2014). As Le Bas and

(France - Cefis and Orsenigo (2001), Malerba et al.

Scellato (2014: 423) content “[t]he analysis of the drivers

(1997), Haned et al. (2014); Ireland- Roper and Hewitt-

and the underlying mechanisms of persistency in innova-

Dundas (2008); Luxembourg - Le Bas and Poussing

tion performance of firms can relevantly improve our un-

(2014); UK - Geroski et al. (1997), Cefis (2003), Frenz

derstanding of both the long-run industry dynamics and

and Prevezer (2012)). Despite being the most numerous

the expected effects of policies to sustain R&D and inno-

group (14 countries), the evidence focusing on ‘Moder-

vation”. From the public policy angle, analyzing inter-

ate Innovators’ is almost exclusively concentrated on

temporal effects is important for the effectiveness of in-

Spanish manufacturing firms (Martinez-Ros and

novation funding (Hecker and Ganter, 2014).

Labeaga, 2009; Triguero et al., 2014, Córcoles et al.,

The existence of time dependence indicates that incumbent firms and creative accumulation are central

2016; Altuzarra, 2017).

drivers of innovation, which, to a certain extent, may

Additionally, with exception of Suárez (2014), who
has analyzed a group of 800 Argentinean manufacturing

downplay the ‘creative destruction’ potential of new en-

firms over 3 periods (1998–2001, 2002–2004, and 2005–

trants (Malerba and Orsenigo 1999; Aghion, 2017). Such

2006), innovative persistence in unstable environments
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has been overlooked. Indeed, extant empirical literature

might arise (see Peters, 2009; Juliao-Rossi and Schmutz-

implicitly assume that environmental conditions do not

ler, 2016). To overcome this problem, we follow, Peters

change and “what the firm did in the past is useful for the

(2009) and Hecker and Ganter (2014) econometrically

things the firm has to deal with in the present” (Suárez,

separating the influence of unobserved firm heterogene-

2014: 726), neglecting the possible changes in the inno-

ity and initial conditions from causal effects of past inno-

vative strategy.

vative activity. Such procedure decomposes observable

From 2004 to 2006, Portugal faced high political

innovation persistence into spurious and true state de-

instability with 3 distinct governments. Additionally, the

pendence. We assess the determinants of the latter by

economic performance which started to deteriorate mark-

comparatively evaluating alternative theoretical accounts

edly after 2000 (see Royo, 2010), with real GDP growth

(the market power and innovation – Schumpeter, 1934,

averaged less than 1 percent between 2000 and 2005,

1942; the success-breeds-success - Mansfield, 1968;

having contracted 0.8% in 2003, remained fragile until

Stoneman, 1983; the sunk costs - Sutton, 1991; the evo-

2006. Productivity growth in the business sector fell to

lutionary - Nelson and Winter, 1982) against the empiri-

around 1% between 2004 and 2005. Unemployment rose

cally determined patterns of persistence.
This paper is structured as follows. Section 2 pre-

to highest rate in 20 years: 7.6% in 2005 and 8% in 2007
(IMF, 2009). Although there was a slight recovery in

sents the literature review and the hypotheses in test; sec-

2007, in 2009 real GDP per capita fell by 3.1% and un-

tion 3 provides a database description and the explora-

employment reach a socially problematic figure of 9.4%.

tory results. Section 4 presents the econometric estima-

Continuing fall of investment and gross saving along

tions and the results; section 5 concludes and puts some

with escalate public debt between 2006 and 2010 culmi-

policy measures to consideration.

nated in the Bailout programme. Given all these fluctuations and uncertainties in the macroeconomic and politi-

2.

Literature Review

cal environments, it is reasonable to expect that firms
have reacted by changing their innovative behavior.
Based on a balanced panel of 1099 firms located in

2.1 Past and path dependence of the innovation process

Portugal and covering the 2004-2010 period (CIS 6, CIS
8 and CIS 10), the empirical analysis is twofold: firstly,
we test ‘true state dependence’ (or true persistence), in
which past innovative behavior, per se explains the present and therefore firms do not react to environmental
fluctuations or iterative. Secondly, iterative strategies
(new, sporadic, non-innovative) are considered as a response to exogenous changes.
Due to unobservable time correlated firm characteristics raising innovative propensity (e.g. strategic orientation, innovation capabilities development or R&D
investments), the problem of ‘spurious state dependency’

Either past dependence or path dependence explains the Innovation process. The first underlies thatthe
determinants of the innovative process and its results
fully determined by the initial conditions (Antonelli,
2011). Persistence depends on the first innovation, along
with long-lasting innovative skills. Conversely, path dependence explains that, throughout a random process,
knowledge is planted in a localized context (‘historical
accident’). The success of innovation will depend on the
ability of the firm to benefit from the ‘accident’. So it is
strongly tied to existing competences and networking.

3
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The ‘success-breeds-success’ approach (Mansfield,

Persistence will be contingent to the exploitation of complementarities and interdependencies under the proper

1968; Stoneman, 1983) states that previous innovation

institutional environment (Collombelli and von Tunzel-

reinforces technological opportunities, leveraging future

mann, 2011). Accessing knowledge pools, reinforcement

innovation success. Income and profit is generated by the

of networks, linkages among firms is thus recommended.

subsequent commercial success of innovators which al-

Opting to persist in innovation is part of the inno-

lows firms to increase their internal funds, making it pos-

vative strategy thus determining technological change

sible to finance future innovation projects (Le Bas and

(Cefis and Orsenigo, 2001). It is essential for firms to

Latham, 2006; Le Bas and Scellato, 2014). In the pres-

continue investing in these projects to accommodate the

ence of asymmetric information between the innovator

changes in economic environment. Hence, there will bea

and the lender, the accessibility to internal funds is a key

strong cleavage among firms and persistence will occur

factor directly related to innovative activity. Firms

among ‘great innovators’ (Cefis, 2003). Managers may

achieving innovations will be considered as successful,

opt for pursuing innovation in a regular base, perceiving

standing out from their competitors due to their abnormal

some inertia in the process. Innovative behaviour over

profits which will be reinvested in the development of

time is not a random process, if the firm is market ori-

new innovative activities, hereby creating a virtuous cy-

ented the propensity to become a persistent innovator

cle (Nelson and Winter, 1982). When a firm reaches in-

will raise, as well as if it is R&D intensive or science

novation, it conquers market power, achieves higher

based (Clausen et al., 2012).

profit levels, thus creating an advantage from its competitors. Past innovations will generate the finance to sup-

2.2 Complementary approaches of persistence in innovation

port present innovative activities which raise the likelihood of future innovations.
The large upfront costs of R&D activity, as well as

Four complementary frameworks can be considered concerning persistence of innovation (Le Bas and
Scellato, 2014; Altuzarra, 2017): market power and innovation (Schumpeter, 1934, 1942); success-breeds-success
(Mansfield, 1968; Stoneman, 1983); sunk costs (Sutton
1991); and the evolutionary innovation theory (Nelson
and Winter, 1982).
According to the ‘market power and innovation’
approach (Schumpeter, 1934, 1942), innovators are temporary monopolists, benefiting from abnormal profits; as
this is a fleeting position, the firm will move the next in-

continuous funding to move a product through the various stages of the R&D process until the product comes to
market (installation of laboratories, recruitment of researchers or training of employees), entails considerable
‘sunk costs’ (Sutton, 1991). Because firms need to recover the cost of R&D investments, conducting R&D activities require both persistent commitment and a longterm horizon (Kuratko et al., 1997). Additionally, once
firms have engaged in R&D, the continuation of this activity becomes increasingly less costly, which encourages
firms to carry on performing R&D.

novation, thus raising the propensity to persist. New entrants will decrease the monopoly profits, therefore incumbents will persist in innovation as a way to create
barriers to entry (Le Bas and Scellato, 2014).

Finally, the evolutionary innovation theory (Nelson
and Winter, 1982) put forwards the hypothesis of dynamic increasing returns in innovation. Arguing that current knowledge is dependent on previous knowledge and
the foundation upon which future knowledge rests.
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Knowledge, namely tacit knowledge, is accumulated in

Most of previous empirical studies have focused

people working in the organization; knowledge is not

on patenting activity finding limited evidence of persis-

perishable and is likely to be used in multiple ways.

tence (see, for instance, Geroski et al., 1997; Cefis and

Knowledge is cumulative and non-extinguishable gener-

Orsenigo, 2001; Cefis, 2003; Latham and Le Bas, 2006).

ating a permanent advantage enhancing the probability of

the Resorting to the innovative history of UK firms inthe

persistence. The systematic interaction between the

period 1969–1988 using the patent records and the intro-

knowledge stock and the productive routines converts in-

duction of ‘major’ innovations, Geroski et al. (1997)

novation in a competitive advantage (Antonelli et al.,

show that only a minority of firms (those introducing

2013). Former innovations generate financial availability

‘major’ innovations) is persistently innovative. Using

for the future, as past success will raise profitability and

1400 manufacturing firms in five European countries in

credibility towards external sources (Latham and Le Bas,

the years 1978–1993, Cefis and Orsenigo (2001) find

2006).

weak persistence of patenting activity. They show that

These approaches act as complementary and self-

both low-innovators and great-innovators tend to remain

reinforcing; virtuous cycles will emerge from the dy-

in their classes and that much of the persistence in inno-

namic interaction between the “knowledge accumula-

vation activities seems to be determined by the ‘eco-

tion” and the “success breeds success” in which, the re-

nomic’ persistency of the firms themselves. In a later

turns from present R&D will retro-feed new ones (Lat-

study, Cefis (2003) focused on 577 UK patenting firms

ham and Le Bas, 2006). Due to strategic options, firms

in the period 1978–1991, and again found evidence of

decide to invest in R&D, this cost is considered as sunk,

overall little persistence (only great innovators have a

and therefore, it will rationally be supported in the long-

stronger probability to keep innovating). Focusing on

run. Innovative firms create a certain stock of knowledge,

French and US patents, Latham and Le Bas (2006) con-

this process enhances the success-breeds- success

firm that the persistence of innovation takes place, but

hypothesis, and the profits generated with the on- going

only and mainly in a limited time span.
In contrast to patent-based studies, empirical anal-

innovative process will retro-feed the system, fi- nancing
new R&D activities enabling the system to con- tinue

yses based on survey data find stronger evidence ofinno-

working. This setting portraits a virtuous cycle in which

vation persistence (see Córcoles et al., 2016; Altuzarra,

the learning process will indefinitely continue.

2017), namely when dealing with product innovation
(Tavassoli and Karlsson, 2015) and complex products

2.3 Hypotheses in test
Albeit the existence of a reasonable number of

(Fontana and Vezzulli, 2016). Early studies on innovation persistence using survey data by König et al. (1994)

high quality studies on the persistence of innovation re-

and Flaig and Stadler (1994) found evidence of state de-

sults are not consensual. The extant evidence is mixed;

pendence in innovative outcomes on a panel of manufac-

most works identify weak elements of persistence anddo

turing firms in West Germany. More recently Raymond

not provide a convincing consensus about its determi-

et al. (2010), albeit failing to find true state persistence in

nants and, most importantly, about the specificities ofthe

introducing product or process innovations by Dutch

dynamic process (see Antonelli et al., 2012).

manufacturing firms for the years 1994–2000, show that
within the group of continuous innovators there wasper-

5
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Consequently, considering one time transition the

sistence in innovation (i.e., the market success of previous innovation positively influenced the success of sub-

firm can be: a) non-innovative, if deciding not to inno-

sequent innovations).

vate in the two time periods; b) sporadic innovator if the

The above mentioned studies have generally tested

firm stops innovating from one moment to the other; c)

innovation persistence in stable contexts. In volatile en-

new innovator if the firm commences the innovative pro-

vironments, continuity in innovative activities will be an

cess; d) persistent innovator if the firm continues to inno-

expression of deliberate strategic behavior rather than

vate from one moment to the other. Combined trajecto-

sheer time correlation. Persistence generates feedback

ries will appear if more time periods are added (see Table

and accumulation but they are indeed the outcome of

1). Discussing iterative innovative strategies over time in

continuous innovative strategies. The framework of per-

the context of a moderate innovator is a further contribu-

sistence will be designed by the managerial strategy as

tion to the persistence literature.
Independent of the conceptual framework, theliter-

well as the dynamic interaction of the firm and its environment (Suárez, 2014). Thus, in contrast to what one

ature highlights the existence of persistence, which

would expect in the context of stable environments, one

means that past innovations will positively influence the

might find past successful innovative behavior to have

probability of new ones. Therefore, [H1], states that for-

no impact or even a detrimental impact on future innova-

mer persistent innovators will continue in innovation.

tive behavior in contexts of changing (or uncertain)envi-

Pure time persistence will be tested ignoring other possi-

ronments. As noted by Nelson and Winter (1982) this

bilities, focusing on the influence of past innovation on

could happen if, for example, past successful innovative

the present, along with other innovation inputs and struc-

behavior generated from specific problem-solving pro-

tural controls (Models A). The objective is to address the

cesses that are not necessarily useful for the new envi-

existence of conventional persistence in moderate inno-

ronment. On the other hand, the new environment may

vators.
The empirical evidence shows that, frequently,

create opportunities for previously non-innovative firms.
These innovative firms may therefore be more likely to

firms change their attitude towards innovation from one

innovate in the future if their innovation process is

period to other; most of the works unveil persistence

adapted, from the start, to the new environment.

given certain characteristics, or non-innovativeness, but,

Firm Strategic behavior, in some cases, points to

very few explain the transition from one to another. The

non-innovative strategies as being the more effective;

following hypotheses will depict the managerial strate-

conversely, in other cases, the most efficient option is to

gies that comprise changes along the period. Strategic

invest in innovation. The empirical evidence points to the

changes are described by three alternative hypotheses:

fact that some innovative actions generate new innovative actions; albeit others fail to boost the virtuous innovation cycles.
The assumption that changing the environment
conditions may change the innovation strategy in each
period, poses a binary decision in each moment: whether
or not to innovate independent of what has been done in
the past.

6
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Table 1 Innovative strategies pursued

t-1, will have fewer chances to innovate in t.

Innovative
strategies(3

[H4] – Firms which are new to innovation in t-1,

DESCRIPTION

so to say that they started innovation in the transition

time periods)

Continuous

did innovate in t-2, but which have stopped innovation in

The firm reports having performed in-

from t-2 to t-1, have an increased probability to continue

novative activities in all periods of

innovation at present. This means that the innovation

analysis

wave started in t-1 will leverage innovation in t.
In analyzing the previous hypothesis, the concepts

The firm reports having performed inContinuous - novative activities in the first and the
Sporadic

connected to persistence, in both continuous and inter-

second period of analysis, and stopped

mittent strategies will be tested along with the hypothesis

innovating in the third

of intermittence [H2] [H3] and [H4].
In sum figure 1 summarizes what will be tested.

The firm has innovated in the first peSporadic riod, stopped innovating in the second
New
Sporadic -

and started innovating in the third
The firm has performed innovative ac-

Non innova- tivities in the first period of analysis
tive

and stopped in the next two
The firm did not perform innovative

New-Continuous

activities in the first period, commenced in the second and continued in
the third
Fig. 1 Summary of the Hypotheses

The firm did not innovate in the first
New - Sporadic

period, has innovated in the second,

The firm did not innovate in either the
Non - innofirst and the second period and started
vative - New
Non - Innovative

Under the conventional persistence hypothesis,

immediately stopping in the third

innovating in the third
The firm did not innovate at all in all
periods of analysis

present innovation outcomes are explained by past innovation achievements, subject to the extension of investments in resources and capabilities (investments in R&D
and machinery, skilled human resources) and firm’s
structural characteristics (size, sector, age, capital ownership) (Le Bas and Scellato, 2014; Altuzarra, 2017). The

[H2] – Being a continuous innovator in the transition from t-2 to t-1, will enhance the probability to con-

iterative hypothesis allows for changes in the innovative
strategy caused by exogenous changes in the economic
environment, despite the innovative heritage.

tinue innovation in the transition to t. So, if the firm did
innovate in the two periods before it is more likely to be
an innovator at present as well.
[H3] – Sporadic innovators in t-1 will have a decreased probability to pursuit innovation in t. Firms that

7
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ing some type of innovation; this figure is somehow en3. Database and descriptive results

couraging as Portugal is a moderate innovator. The panel
evidences persistence in 56,8% of firms; the rest has

3.1. Database and sample
The literature frameworks describe persistence as a

opted for intermittent actions in their innovative strategy.
Here our aim is twofold: understand the structural char-

time connection between past innovative actions and the

acteristics that explain persistence rather than accepting

present. Therefore, past managerial decisions will influ-

persistence as time dependence and explain strategic in-

ence the present is a continuous way. Still, the empirical

termittence and the role of public policy to leverage the

evidence shows that firms stop and initiate innovative ac-

success in innovation.

tions for more than pure past dependence. Strategic be-

3.2. Exploratory analysis - Panel Characteristics

haviour changes due to several constraints, either endogPersistence implies multiple time periods as it is a

enous or exogenous. We aim at identify the motivations
for intermittences in innovation and explain the expecta-

synonym of continuing innovative activities, so, only

ble changes under adverse economic environments.

firms traceable in the period are kept, producing a bal-

Empirical support will rely on a panel of firms

anced panel with 1099 heterogeneous firms.
Despite the dispersion in terms of dimension, it is

comprising several CIS waves, as it is the most extensive
survey in this field undergoing through the recommenda-

essentially composed by medium sized firms (44%);

tion of the European authorities. It comprises three bien-

which seem an accurate representation of the Portuguese

nia (CIS 6, CIS 8 and CIS 10), covering the period be-

reality, despite the biasedness in favor of large firms due

tween 2004 and 2010. The appraisal of time span effects

to an additional effort in data collection from them due to

is made throughout balanced data, leading to a sample of

methodological requirements of the survey. The second-

1099 firms observed over the entire period; intertemporal

ary sector represents 62% (all industries), the primary 2%,

connections are made throughout dynamic panel estima-

and services 36%. Concerning equity, half of the firms

tions. Therefore, present innovative behaviour is ex-

belong to an economic group. Half the firms be- long to a

plained by past innovative actions (allowing for complex

high tech sector, one fifth to a low tech and one third to a

strategies rather than pure time dependence) along with

mid tech (according to Pavitt's taxonomy, 1984). High

firm size, use of internal and external sources to perform

tech firms are naturally expected to be more innovative

R&D, connections with external sources of Knowledge,

than others.
The R&D intensity (measured by the amount of re-

the reliance on public funds and belonging to an economic group.
Empirical evidence relying on exploratory analysis

sources devoted to innovative activities compared to the
total turnover), is poor as 45% of firms do not perform

avowals that firms start, stop or continue in innovation

any R&D activity at all, and, 41% of the firms present a

strategically rather than by time inertia. Therefore, the

3% R&D intensity. Undergraduates or educational titles

past is insufficient to explain the present, and, policy ac-

in the workforce are often used as a proxy for education

tions encompass these fluctuations.

intensity. In the panel, 86 firms have no workers with

When analyzing the entire sample of the CIS in
separate, and nearly two thirds of firms report perform-

top education, being the workforce classified as unskilled. Conversely, 53 firms report more than three quarters of their workforce highly skilled. Almost 9% ofthe

8
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firms in the panel have reported performing innovative

Table 2 Aggregation of the innovative strategies in the

activities in the innovation types considered on the sur-

period of analysis

vey; contrarily, one quarter of the firms declared notper-

PATH

INNOV STRAT (TPM=3)

N

%

forming any innovative activity during the period of

ACG

Continuous

624

56,8

analysis.

There were 371 firms not finding relevant the

ACH

Continuous - Sporadic

101

9,2

use of any source of information for their innovative ac-

ADI

Sporadic - New

77

7

tivities.

ADJ

Sporadic - Non innov

55

5

BFG

New - Continuous

74

6,7

BFH

New - Sporadic

26

2,4

Three quarters of the firms have mentioned not relying on any type of external funds, showing some disconnectedness with the innovation policy. As public

BEI

Non - innovative - New

42

3,8

funding seems to be important to support innovation,

BEJ

Non – Innovative

100

9,1

policy makers should be aware of this failure.

TOTAL

1099

100

3.3. Transition frequencies
The analysis of the transition probability matrix
In each period, firms face binary decisions:
whether or not to invest in innovation. In dynamic terms,
it means stopping or starting/continuing innovativeactivities. The transition is appraised twice: from CIS 6 to the
CIS 8 and from the CIS 8 to the CIS 10 with eight possi-

(Figure 2) illustrates that most of the firms are continuous innovators, reinforcing the conventional hypothesis
of persistence. On the contrary, 100 firms never innovate
during the period and 375 evidenced intermittent strategies.

ble paths. Firms may adopt invariant strategies, (continuous in (non-)innovation), or intermittent strategies (starting or stopping innovation) in the different periods. The
transition frequencies allow us to understand the innovation trajectories over time.
When moving from one period to the following
there are four possibilities: persistent (a double yes tothe
performance of innovative activities), non-innovative (a
double no to the performance of innovative activities),
sporadic (a yes/no sequence) and a new innovator

Fig. 2 Transition frequencies: innovation in general

(no/yes sequence).
Independent of the innovation type, in the CIS6,
857 firms reported having performed somehow innova-

4. Econometric analysis

tion (78% of the panel). Moving to the CIS8 725 remained in innovation, considered as persistent. Carrying

4.1. Proxies and methodology

to the CIS10, persistent innovators felt to 624. Dissimilarly, 100 firms reported no innovation activities over the

In order to understand the probability of innovating
in period t, the regression includes a set of explanatory

three consecutive periods.

9
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variables relating to past innovative behavior (continu-

Table 4 Descriptive statistics of the variables in analysis

ing, sporadic and new) and a set of controls such as tech-

Variable

Obs

nological intensity, availability of skilled labor force, ac-

SIC_code

3297

cess to innovation sources, size, use of public funds, eq-

tech_int

3297

2.298

uity provenience and economic sector. Variable descrip-

sector

3297

tion detailed in Table 3.

size

Min

Max

7

74

0.778

1

3

2.329

0.517

1

3

3297

2.868

0.748

2

4

group

3297

0.485

0.500

0

1

Innov g

3297

0.758

0.428

0

1

Description

Funds g

3297

0.189

0.392

0

1

Ratio comparing the expenditures in R&D com-

Openess

3297

4.914

4.081

0

10

pared to the total turnover

R&D_int

3297

4.533

115.682

0

6615.23

1 if the firm belongs to a SIC code classified as

Educ int

3297

2.521

1.557

0

6

Table 3 Variable description
Variable
RD_intensity

Mid_tech

Type
Count

Binary

Mean

Std. Dev.

being mid tech [1]
1 if the firm belongs to a SIC code classified as

High_tech

being high tech [1]
1 if the firm combines investments in endogenous

Balance

Binary
and exogenous knowledge
Ratio comparing the number of top educated

Educ_intensity

Connt
workers to the total
Counts for the number of sources of innovation

Openness

Count
the firm uses

Funds

Binary

1 if the firm uses public funds

Medium_size

Binary

1 if the firm in medium

Large_size

Binary

1 if the firm in large

Group

Binary

1 if the firm belongs to an economic group

Industry

Binary

1 if the firm belongs to the industrial sector

Services

Binary

1 if the firm belongs to the services

[1]

The econometric estimations were run using dy-

Binary

namic random effects probit, still, conventional and unconventional hypotheses were separated as it was unfeasible to combine them in a single equation (see Table 5).
Model(s) 1 test the conventional hypothesis of persistence, as they do not consider intermittent innovative behaviors; in these cases, pure past dependence is estimated
posing that being innovative in the past will influence the
probability to innovate in the present. Model(s) 2 include
strategic options concerning past innovative behaviors
(firms may have opted for continuing, starting, stopping
or not innovating at all). In all models, a set of explanatory variables is included, comprising the firm’s structural traits and illustrating innovation efforts.

Technological intensity defined according to the Pavitt taxonomy in what

concerns the manufacturing sector and extended to the other activities as seen

4.2. Econometric specification

in diffused literature from the OECD and the European Commission

Using either the conventional or the unconventional hypotheses of persistence, the aim of the present

Table 4 presents the descriptive statistics of the
variables in use.

research is to determine the probability of being an innovator in period t subject to what has been done by the
firm in the past. Therefore, the dependent variable in
both equations is binary: it takes the value of 1 if the firm
i innovates at time t and the value of 0 otherwise. Due to

10
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the nature of the dependent variable the best suiting mod-

any discontinuity or variability added to a vector of ex-

els are the probit (or logit).

planatory variables. In all regressions ran this coefficient
fails to be statistically significant, this result may present

The estimation of the panel can be addressed

some evidence supporting the failure of pure persistence.

through fixed-effects or random-effects, even though,

The analysis of intermittence in innovative strate-

some of the explanatory variables of interest are time-invariant making the use of fixed effects unfeasible, forc-

gies requires the construction of subgroups according to

ing the choice to random-effects. However, the use of

the past innovative behavior. The group dissection was

random effects is only valid if the unobserved time invar-

performed according to the proposal of the European In-

iant firm effects are uncorrelated to the explanatory vari-

novation Scoreboard (2004) and Sauréz (2014), creating

ables, which is impossible given that the lagged value of

four different sub-groups:
a) Continuous innovators – firms that reportedper-

the dependent variable is an explanatory variable.
Wooldridge (2005) developed a solution to relax the “in-

forming innovation in two consecutive time periods

dependence assumption” in random effects dynamic pro-

(Continuous_Innov);
b) Sporadic innovators – firms that reported having

bit models. This solution consists in replacing the αi in
the equations below by a linear function of the firm’s ob-

performed innovation two periods ago, and stopped in

servable characteristic’s (i.e. the average values of the

the next period (Sporadic_Innov);
c) New innovators – firms that reported nothaving

time-variant exogenous characteristics) added to the
value of the so-called “initial condition”, i.e., the innova-

performed innovation two periods ago and started inno-

tive or non-innovative state of the firm at the starting pe-

vation in the next period (New_Innov);
d) Non-innovative - firms which did not perform

riod in observation.
Therefore, the estimation of either the model presented in the following equations (equation (1) and equa-

innovation in any of the periods (Non-innov), this category is considered as default in our estimation.
In this context, the model previously presented

tion (2)) will be completed using a dynamic random ef-

(equation (1)) is restructured as follows:

fects probit model.

𝐼𝑁𝑁𝑂𝑉𝑖𝑡 = 𝛽1 + 𝛽2𝐶𝑂𝑁𝑇𝐼𝑁𝑈𝑂𝑈𝑆𝐼𝑁𝑁𝑂𝑉𝑖𝑡−1
+ 𝛽3𝑆𝑃𝑂𝑅𝐴𝐷𝐼𝐶𝐼𝑁𝑁𝑂𝑉 𝑖𝑡−1

The conventional hypothesis of persistence, presented in model(s)1 will consist of a dynamic random ef-

+ 𝛽4𝑁𝐸𝑊𝐼𝑁𝑁𝑂𝑉 𝑖𝑡−1 + 𝜷 𝑖𝑡 +
𝑊𝜹 𝑖

fects probit specified as follows:
𝐼𝑁𝑁𝑂𝑉𝑖𝑡 = 𝛽1 + 𝛽2 𝐼𝑁𝑁𝑂 𝑖𝑡−1𝑉+ 𝜷 𝑖𝑡 + 𝜹𝑊
𝑖 + 𝛼𝑖

𝑉

+ 𝛼𝑖 + ɛ𝑖𝑡

𝑉

(2)

+ ɛ𝑖𝑡

The second group of regressions allows for uncon-

(1)
Where firm i is innovative at time t by (Innovit)

ventional hypotheses of persistence, as it models inter-

depending on innovations at time t-1, a set of time-vari-

mittence. In this case, evidence in favor of persistence

ant (Wit) and time-invariant (Vi) observable characteris-

could come from a positive coefficient on Continu-

tics of the firm, and an unobservable firm-specific char-

ous_Innovit-1 or New_Innovit-1. Concerning Spo-

acteristic (αi).

radic_Innovit-1, if the hypothesis of persistence is con-

This model only allows for the assessment of the
traditional hypothesis of persistence, modelling the effect

firmed one would expect a negative effect in the probability of innovating at present.

that past innovations have on present innovations without
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When the intermittence regressions are run, the co-

Concerning the traditional hypothesis of persis-

efficients of past innovative strategy variables appear as

tence (illustrated in model(s)1) being innovative in the

statistically significant. Albeit, in this case, the results

past does not influence the probability of being innova-

provide a different perspective, which may reinforce the

tive in the present. In other words, the hypothesis fails

heterogeneity in terms of innovative strategic behavior of

being proved for innovation in general. Our empirical

moderate innovators.

ev- idence, independent of the model being run does no

4.3. Estimation Results

sup- port pure innovation persistence.
The present results cannot be directly compared

The objective of analysis is the understanding of

the existing literature, as to us, being an innovator means

persistency in innovative activities, which means, the re-

having performed innovation independent of the type.

lation between being an innovator in former time periods

Pure persistence should hold, still, the result is not statis-

and continuing in innovation in the present. In the dy-

tically significant. The statistical insignificance of the

namic probit with random effects, the propensity to be an

conventional hypothesis of persistence occurs in all mod-

innovator at present (binary) is explained by past innova-

els, independent of the segmentation operated. It is of

tive behaviors, and a set of controls corresponding to the

worth underlying that increases in R&D intensity raise

firm structural characteristics. Namely firm characteris-

the probability of innovation along with openness high-

tics such as size, economic group, economic sector, use

lighting the importance of the sources of innovation to

of funds, R&D intensity, technological intensity, intra

develop different innovative strategies and adapt to the

and extramural R&D activities [this vector of variables is

changing environment. Here the empirical evidence for

chosen according to the findings of former studies (e.g.

Portugal differs from the German, as Peters (2009) has

Peters, 2009; Raymond et al. 2010; Frenz and Pevezer

found that German firms are persistent innovators in

2012; Ganter and Hecker 2013; Le Bas and Poussing,

terms of product innovation.
When considering intermittent strategies different

2014)].
The complete set of firms, regardless the sector of

results appear, being a persistent innovator in the past re-

activity or the size is presented in models A (1 and 2).

duces the probability of innovating at present by 8.17

Given the previous belief that firms operating in industry

percentage points compared to the non-innovative firms.

should present a different pattern than those in services,

This result is contrary to the expectation about pure per-

models B(1 and 2) only include firms from industrial

sistence, indicating that firms deliberately discontinue

sectors and models C(1 and 2) contain firms from ser-

their innovation activities. Past sporadic innovators also

vices. Significant differences are found in terms of the

have a reduced probability to innovate at present; those

effect of past innovative strategies in present innovation

firms that stopped innovation will be less prone to restart

along with some structural characteristics. Models D, E

it. On the contrary, firms that are new to innovation will

and F (1 and 2) separate firms according their size, fol-

have an increased probability to continue their innova-

lowing the CIS’s taxonomy; this segmentation allowed

tions, perhaps closing their innovation cycle.

understanding the existence of important differences in

So far, most of the works have only considered

terms of the innovative behavior of small, medium and

firms operating on the industrial sector, albeit the in-

large firms.

creasing importance of the services impelled to the esti-
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mation of both groups in separate. In the case of the in-

though, to us, this effect cannot be neglected, and, it ap-

dustry similar results from the entire group appear, but,

pears as significant in the models run. More open firms

in the tertiary sector either conventional or unconven-

have an increased probability to innovate, which rein-

tional persistence fails to be statistically significant, this

forces the need to establish strong connections among

result deserves further reflection as policy makers cannot

the actors operating inside and outside the production

reach these sectors of activity with the present policy de-

chain to leverage innovation. Table 5 (in Appendix) evi-

sign.

dences the estimation results for the different models in
Peters (2009), when analysing conventional persis-

discussion.

tence in product innovation for German firms did find
statistical significance for size, with larger firms being

5. Conclusion and Policy Recommendations

more prone to persist in innovation. Frenz and Prevezer
Despite the extant works in innovation persistence,

(2012), exploring the British evidence confirm the conventional persistence hypothesis, also supporting the sig-

there is no comprehensive understanding about the leit-

nificance of size and sector. In this vein, the division of

motif of continuity or intermittence in innovation (Juliao-

firms according to their size was operated to understand

Rossi and Schmutzler, 2016; Altuzarra, 2017). Addition-

if there is a similar pattern of innovative strategy among

ally, analysts focus on Leaders or Strong Innovators ra-

them. In the Portuguese case, either in small, medium

ther than on Moderate countries, whose difficulties are of

and large firms pure persistence fails to be significant

worth more attention given the convergence targets. The

(models D1, E1 and F1).

firm strategy is appraised in a ceteris paribus assumption

The models that include intermittence bring up dif-

towards the economic environment, removing realism

ferences across firm sizes. In the case of small and me-

from the findings; unstable economic environments are

dium sized firms, being persistent in the past does not in-

overlooked in both theoretical and empirical terms.
Focusing on a balanced panel of 1099 firms lo-

fluence the probability of innovating at present. This effect is only evident in the case of large firms. Being a

cated in Portugal and analyzing the three biennia 2004

sporadic innovator in the past reduces the probability of

and 2010 the hypothesis of ‘true state dependence’ failed

innovation in the present for small and medium sized

to be proved throughout the conventional models in

firms, and does not produce any effect in the case of

which no intermittences were allowed. Even though,

large firms.

when the estimation encompasses reaction to exogenous

New innovators have an increased proba-

bility to innovate in the present, in all firm sizes, rein-

changes, former persistence disincentives present inno-

forcing the idea of innovation cycles.

vations. This result holds in either the entire sample or

Concerning the controls, and in parallel with the

the industrial sub-sample.
Results obtained are only partially in line with

Dutch case explored by Raymond et al. (2010), exists
persistence among mid-high and high tech firms; our re-

Suárez’s (2014) regarding Argentinian firms, and con-

sults go in a similar direction as the marginal effects of

trast significantly with extant literature on European

technological intensity punctually appears as positive.

countries, namely that analyzing other ‘Moderate Inno-

The existing literature did not proxy the influence
of innovation sources in the probability to innovate, even

vator’, Spain (Martinez-Ros and Labeaga, 2009; Triguero et al., 2014, Córcoles et al., 2016; Altuzarra,
2017). Two main results are worth highlighting.
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First, although exploratory analysis, based on the

must be prepared to do such stimulation as a longer term

transition probability matrices, uncover a very high de-

commitment and not change policies in the short and me-

gree of state dependence or innovation persistence (in

dium run. Moreover, attention should be paid to the im-

Table 1), the econometric estimations (in Table 5) evi-

portance of external sources of knowledge in enhancing

dence that, when changes in innovative behavior are not

the probability to innovate. Second, in the absence of ev-

accounted for (Models A/…/F1), such innovation persis-

idence of innovation persistence, potential intertemporal

tence is mainly spurious rather than true innovation per-

spillovers are unlikely to emerge, in order words, it is un-

sistence. In other words, the observed persistence is the

likely that incumbent past innovators be the drivers of

result of other factors such as firms’ characteristics, most

creative accumulation and future innovation. There is,

notably openness (number of distinct external sources of

however, some evidence that new, smaller, innovators

information for innovation the firm uses) and the capa-

might lead the creative wave. In this vein, there might be

bility to effectively combine internal and external invest-

a rational to encourage public policies targeting start-up

ments in intangible assets (more precisely, R&D activi-

firms and new market entrants when innovation is the

ties). Additionally, heterogeneity was found between in-

main primary funding goal.

dustrial firms and services, requiring fine tuning adjustments in policy design.
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Table 5: Dynamic random effect probit estimations with endogenous initial conditions (average marginal effects) [dependent variable: the firm innovates in the current period)]
All
Persistence
Dynamic innovative behavior
(default: ‘never
innovates’)

Innovation t-1
Continuing t-1
Sporadic t-1
New t-1
R&D intensity

R&D activities

R&D balance (Perform
both internal and external
R&D activities)

Education

Education intensity

Openness

Openness (Number of distinct sources of information for innovation)

Funds
Size (default:
Small)
Group
Sector (default:
Primary)

Public funds
Medium
Large
Group (1 if the firm belongs to a Group)
Industry (1 if the firm operates in Industry)
Services (1 if the firm operates in Services)
Inno0

Initial endogeneity and individual heterogeneity

Model A1
0.0250
(0.2594)

mean_rd_intensity
mean_educ_intensity
mean_openness
No. observations
No. of groups
Wald test (p-value)

0.0129**
(0.0060)

Model A2
-0.0817***
(0.0202)
-0.0997***
(0.0434)
0.1209***
(0.0278)
-0.0001
(0.0002)

Industry
Model B1
Model B2
0.0250
(0.0259)
-0.0816***
(0.0195)
-0.0996**
(0.0410)
0.1210***
(0.0273)
0.0128**
-0.0001
(0.0060)
(0.0002)

Services
Model C1
Model C2
0.0113
(0.0560)
-0.0937
(0.5210)
-0.0707
(1.1421)
0.1442
(0.3595)
0.0167
-0.0009
(0.0178)
(0.0006)

Small
Model D1
Model D2
0.0365
(0.0470)
-0.0576
(0.0381)
-0.1091**
(0.0477)
0.1791***
(0.0391)
0.0208
0.0242
(0.0184)
(0.0227)

Medium
Model E1
Model E2
0.0222
(0.0348)
-0.8664
(0.5852)
-1.0390*
(0.5428)
0.5957*
(0.3701)
0.0092*
-0.0053
(0.0055)
(0.0050)

Model F1
-0.1173
(0.5388)

0.7322
(3.3620)

Large
Model F2
-0.0532***
(0.0172)
0.0154
(0.0944)
0.0920**
(0.0457)
0.2074***
(0.0600)

0.0356

0.0346

0.0357

0.0344

0.8458***

6.4971

0.6798***

0.6875***

0.0141

0.2136

0.5927

0.3218

(0.0600)
0.0118
(0.0101)

(0.0476)
0.0015
(0.0074)

(0.0600)
0.0119
(0.0101)

(0.0475)
0.0016
(0.0074)

(0.2392)
0.0082
(0.0158)

(20.876)
-0.0036
(0.0389)

(0.1297)
0.0009
(0.0149)

(0.0890)
-0.0169
(0.0113)

(0.0596)
0.0377*
(0.0195)

(0.4043)
0.2775*
(0.1628)

(2.1524)

(0.2662)

0.0559***

0.0465***

0.0559***

0.0465***

0.0595***

0.0515

0.0998***

0.0860***

0.0483***

0.3244**

0.0430

0.0194***

(0.0040)
-0.0380
(0.0397)
-0.0130
(0.0141)
0.0319
(0.0223)
-0.0001
(0.0157)
-0.0061
(0.0347)
0.0026
(0.0364)
0.0671***
(0.0215)
0.0006
(0.0009)
-0.0100
(0.0114)
0.0003
(0.0050)
2198
1099
188.44

(0.0039)
-0.0077
(0.0304)
-0.0077
(0.0097)
0.0268*
(0.0139)
-0.0063
(0.0108)
-0.0059
(0.0247)
-0.0015
(0.0254)
0.2137***
(0.0096)
0.0004
(0.0007)
0.0004
(0.0081)
-0.0016
(0.0028)
3297
1099
781.48

(0.0040)
-0.0395
(0.0391)
-0.0135
(0.0141)
0.0320
(0.0223)
0.0008
(0.0156)

(0.0038)
-0.0083
(0.0301)
-0.0079
(0.0097)
0.0267*
(0.0139)
-0.0057
(0.0108)

(0.0081)
-0.2313***
(0.0684)
0.0048
(0.0232)
0.0353
(0.0332)
-0.0309
(0.0232)

(0.1184)
-0.1491
(0.3276)
0.0059
(0.0358)
0.0304
(0.0646)
-0.0244
(0.1554)

(0.0189)
0.0110
(0.1555)

(0.0190)
-0.0187
(0.1417)

(0.0044)
-0.0371
(0.0441)

(0.1613)
-0.0943
(0.2672)

(0.1521)
-0.1412
(0.8275)

(0.0030)
-0.0597
(0.0520)

0.0673
(0.0216)
0.0006
(0.0009)
-0.0092
(0.0113)
0.0001
(0.0050)
2198
1099
188.48

0.2137
(0.0096)
0.0004
(0.0007)
0.0008
(0.0080)
-0.0017
(0.0028)
3297
1099
781.68

0.0454
(0.0402)
0.0002***
(0.0001)
-0.0062
(0.0169)
0.0015
(0.0078)
780
390
60.81

0.2074
(0.1458)
0.0002
(0.0007)
0.0057
(0.0324)
-0.0016
(0.0249)
1170
390
222.74

-0.0004
(0.0211)
0.0593
(0.0530)
0.0770
(0.0553)
0.0454
(0.0323)
-0.0007
(0.0006)
-0.0348*
(0.0203)
-0.0022
(0.0070)
969
485
85.33

-0.0338
(0.1222)
0.2295
(0.4434)
0.3687
(0.4866)
1.6300***
(0.5820)
-0.0020
(0.0040)
-0.2661
(0.1998)
-0.0154
(0.0338)
1456
487
366.50

-0.0116
(0.0140)

***

-0.0067
(0.0226)
-0.0601*
(0.0349)
-0.0496
(0.0371)
0.2400***
(0.0150)
0.00176
(0.0016)
0.0192
(0.0129)
0.0006
(0.0056)
1134
378
231.48

0.0098
(0.0746)

***

-0.0000
(0.0325)
-0.0955
(0.0608)
-0.0766
(0.0635)
0.0436
(0.0362)
0.0042
(0.0033)
0.0011
(0.0184)
0.0112
(0.0107)
756
378
61.08

-0.0203
(0.1441)
0.2094
(0.9613)
0.0164
(0.0755)
0.0024
(0.0612)
-0.0063
(0.0161)
468
234
18.90

-0.0044
(0.0173)
0.1403***
(0.0201)
0.0050
(0.0060)
0.0008
(0.0006)
-0.0022
(0.0039)
702
234
78.21

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

(0.000)

(0.063)

(0.000)
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Abstract
To attract fish, fishermen generally use lures, which offer high catch rates and environmental friendliness. Fishermen who use lures must constantly move the line to make the lures move back and forth, stimulating fish attacks on the
lures and increasing catch rates. However, each person can only fish with one pole at a time. This study uses the Theory
of Inventive Problem Solving (TRIZ) to conduct a trend analysis of fishing lure improvement and construct a technical
contradiction matrix, by using an active scent releasing device connected with a buoy lure. This device has a camera
inside that uses scent as a fish attractant. The scent is released by a control button on the fishing pole. When fishing with
this pole, fishermen can watch the screen attached to the fishing pole and observe the fish to decide the timing of scent
release. This fishing pole with an active scent release lure can be effective in improving fishing performance. It is also
different from traditional fishing methods in that one person can control more than one hand pole at a time.

Key words: culture and leisure fish farms, TRIZ, active scent release lures, buoy
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1.

Introduction

2.

Taiwan is an island located in the subtropics,

Literature Review
Traditionally many things are used as bait, from

with numerous rivers and streams, a rich variety of fish,

rice and leaves to worms and insects. Bait is not con-

and many culture and leisure fish farms. Fishing is thus

venient, however. Hence, fishermen use lures, a form

a traditional recreational activity. Taiwan society has

of artificial bait. Lures are moved by the fisherman,

become wealthier and more leisure oriented in re- cent

making it look like live bait to game fish. When the

years, and fishing has become more popular. At

fish strikes, it is captured by the hook attached to the

present there are roughly 200,000 recreational fisher-

lure.

men in Taiwan, 40% of whom fish in the sea, 55% in

Rapala (1936) became the first to use thin pine

ponds, and 5% in streams, making it the third most

boards to carve artificial minnow bodies, which he then

popular leisure activity in Taiwan1.

wrapped in tin foil to give them a fishlike look, thus

Most fisherman use lures, popular because of

making the world’s first lure[2]. Using lures, he then

their high catch rates and environmental friendliness.

found that if the lure resembled live bait, game fish

However, because the lure is dead, the fisherman must

would strike. Because the lure had the function of live

manipulate the line to make the lure move back and

bait but was far more convenient and more environ-

force, since the lure is most effective when it imitates

mentally friendly than live bait, they have steadily

the movements of living bait. This research addresses

grown in popularity. Taiwan’s largest lure maker,

the problem of developing a fishing pole with an active

Strikepro, produces 400,000 lures annually, helping to

scent release lure that moves in a lifelike way but also

make Taiwan an advanced maker of lures.

releases an attractant. Using a trend analysis of a sys-

Fish have a sensitive receptor system (Butler,

tematic approach to creating new technology, construc-

Field and Maruska, 2016). Olfactory and taste are the

tion of a technical contradiction matrix and implemen-

most critical senses. The fish’s olfactory system is in

tation of a function and attribute analysis, the dead lure

the tip of the nose beneath the olfactory cortex (Ko-

is improved. In this research, the fishing pole is de-

trschal, 2000) and the taste sense of fish is located in its

signed to trigger the scent releasing device with the at-

lips (Hamdani and Døving, 2007). Experienced fisher-

tractant packed inside. Fish in the water will taste the

men spread scented bait across the water to draw fish.

scent and come to forage. Moreover, the fishing pole is

Fishermen often use starchy flours or other foods with

equipped with a camera and screen which enables the

fried flavors, and add a sticky material to make sticky

fishermen to watch the fish, which helps to enhancing

bait. They then use the sticky bait on a hook or plaster

the entertainment in fishing as well as increase the fish

the lure to stimulate the fish’s sense of taste and smell.

catch rate, Further, one person can control more than

However, this technique can only be used with fish in

one pole at the same time.

shallow water. In deeper water or in rivers, the scent
may disperse without effect. In this paper the authors

1

Taiwan Fishing Right Organization
http://1207834082401.tw66.com.tw/web/Blog?command=Intro, accessed on 2019/6/26.

21

10.6977/IJoSI.202003_6(1).0002
S. Huang, Y. Jeng, T. Hsia / Int. J. Systematic Innovation, 6(1), 20-29 (2020)

develop a fishing pole with an active scent release device that increases the impact of scent in water and increases the catch rate.
The Theory of Inventive Problem Solving
(TRIZ), from the Russian Teoriya Resheniya Izobreatatelskikh Zadatch) is a systematic approach to

Fig. 1 The TRIZ process of evolutionary trend and function attribute analysis used in this research.

technology innovation. It was developed by the Russian inventor Genrich Altshuller and his colleagues beginning in 1946. They analyzed 200,000 patented inventions for pens and classified the innovations into

3.
ness

different levels and types to create a systematic approach to innovation (Altshuller, 1996). TRIZ offersan
innovation system for inventors to help them resolve
technology innovation problems. First, the type of potential specific problems associated with the invention
must be clarified. Based on the thinking of previous inventors in solving problems, through research and
thinking of improvements, they classified problem

Considerations in Enhancing Lure Effective-

In order to enhance the lure’s ability to move and
attract game fish, this research considers two technology levels. First, it examines the evolutionary trends of
bait. It then explores the future evolution of lures. Second, it uses the technical contradiction innovation principles to identify the elements the fishing pole needs
and find the best design for an active scent release
function.

solving approaches. TRIZ standardizes problem solving, enabling any problem to be treated as a standard

3.1 Evolutionary trend

problem. Key tools of TRIZ include: 40 inventingprin-

Every technological system moves along a pre-

ciples, 39 engineering elements, a contradictionmatrix,

dictable evolutionary path, known as its evolutionary

and substance field analysis. TRIZ permits standard-

trend or line of evolution. The concept of similar tech-

ized problem approaches to converge on a particular

nology types that repeatedly appear across different

solution. This enables to problem solving to break

fields can be useful in predicting the development of

through the problems of individual experience, talent,

technology. Mann (2002) divided evolutionary trend

and psychology that, when using traditional methods,

analysis into three categories comprising 31 items in

may cause solutions to diverge.

total. The first category is time and contains six items:

This research uses the TRIZ convergenceprocess
structure of Mann (2002). It uses the convergence of
evolutionary trends to view the current status of fishing
lures. The trend predicts the future evolution of lures.
This is paired with a function attribute analysis that
performs similarity matching of the functions and attributes of lures, as well as improvement of lifeless
lures or equipping them with the ability to move on
their own. This process is shown in Figure 1 (Mann,

Action Co-ordination, Rhythm Co-ordination, NonLinearities, Mono-Bi-Poly (Similar), Mono-Bi-Poly
(Various), and Mono-Bi-Poly (Increasing difference).
The second category is space and consists of 12 items:
Smart Materials, Space Segmentation, Surface Segmentation, Object Segmentation, Evolution Macro to
Nano Scale, Webs and Fiber, Decreasing Density, Increasing Asymmetry, Boundary Breakdown, Geometric
Evolution(linear), Geometric Evolution (volumetric),

2002).
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and Dynamization. The third category, interface, con-

Jointed system, Fully flexible system, Fluid or pneu-

sists of 13 items: Reduced Damping, Increased use of

matic system, and Field based system. Currently lures

Senses, Increasing Use of Colour, Increasing Transpar-

have reached the stage of Jointed system, with the next

ency, Customer Purchase Focus, Market Evolution, De-

being Fully Flexible system. The fourth evolutionary

sign Point, Degree of Freedom, Trimming, Controlla-

aspect is Increasing use of color. It has four stages:

bility, Reducing Human Involvement, Design Method-

Monochrome, Binary use of colour, Use of visible

ology, and Reducing Number of Energy Conversions

spectrum, and Full spectrum use of colour. At present

(Mann, 2002).

lures have evolved to look like fish and are in the Use

The authors found that fisherman using tradi-

of visible spectrum stage, evolving toward Full spec-

tional live bait used worms, flies, and maggots, which

trum use of colour. The fifth evolutionary aspect, Re-

was more effective in attracting game fish than dead

ducing Human Involvement has six stages: Human,

bait such as leaves, rice, and food. Anglers using lures

Human with tool, Human with powered tool, Human

used lifeless lures that they had to constantly move

with semi-automated tool, Human with automated tool,

back and forth to make them resemble fish, forcing

and Automated tool. At present in the aspect of Reduc-

them to continuously operate the reel. Long periods

ing Human Involvement, lures have evolved to the Hu-

spent moving lures can cause fatigue. Consequently, it

man with semi-automated tool stage.
Figure 2 shows that Mono-Bi-Poly (Various) are

is expected that in the future lifeless lures will evolve
toward active lures that can induce game fish to strike.

evolving toward increasing the number of elements and

Of the 31 items reviewed in this research, 5 evolution-

functions of the system. Smart Materials are evolving

ary trends were found to be associated with the evolu-

in the direction of fully adaptive materials. In Dynami-

tion of lures: Mono-Bi-Poly (Various), Smart Materi-

zation, baits are evolving in the direction of fully flexi-

als, Dynamization, Increasing Use of Color and Reduc-

ble multiple connection systems. In Increasing use of

ing Human Involvement.

color, they are evolving to use the full spectrum of

The first of the five aspects of the evolutionof

color, just as a real fish does. Reducing human involve-

bait, Mono-Bi-Poly (Various). There are four stages in

ment is moving in the direction of reducing human fa-

carrying out the evolution of this item: Single system,

tigue. Thus, the future development of lures will move

dual system, three systems, and multi system. At pre-

toward reduced use of human operation, dynamic abil-

sent in the aspect of Mono-Bi-Poly (Various), lures

ity to move as a fish does and release scent in the wa-

have evolved to increase the elements and functionsof

ter, and colors and materials that closely resemblethose

the system. The next step is three systems. The second

of a real fish, making it more effective in enticinggame

evolutionary aspect is Smart Materials, consisting of

fish to strike. The current evolution of lures is shown in

four stages: Passive material, One-way adaptive mate-

Figure 3.

rial, Two-way adaptive material, and Fully adaptive
material. Currently lures are in the Two-way adaptive
material stage moving toward the next stage of Fully
adaptive material. The third evolutionary aspect is Dynamization, which has five stages: Immobile system,
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the lure must be strong in order to move in the water
like a lure on a fishing line. These problems are used to
construct the technical contradiction matrix, as shown
in Table 1. Based on the technical contradiction matrix
shown in Table 1, 15 inventive principles can be used:
35, 10, 21, 30, 14, 11, 22, 39, 27, 3, 32, 6, 15, and 28.

Table 1 Technical Contradiction Matrix

Fig. 2 The five aspects of lures evolution potential onred
circle presents on blue circle

Parameters that should
not be worsened
Parameters that must be
improved

Stability of Object

Strength

Item 13

Item 14
35 10 14 27 15

Force

Item 10

35 10 21

Adaptability

Item 35

35 30 14

35 3 32 6

Item 37

11 22 39 30

27 3 15 28

Complexity
Control

of

Among the 15 inventive principles, to enable the
Fig. 3 Evolutionary trends of lures

lure to swim like a fish without outside assistance, the
necessary elements were found to include the six inventive principles: 15, 22, 10, 11, 30, 3, 32 and 27. The re-

3.2 Technical Contradiction
This research explores the lifeless lures currently

maining six did not appear to have any clear effect on improvement of the lure and were notused.
Inventive principle 15, Dynamics, states that in or-

used by fisherman, that require the fisherman to continuously move them. For a lure, swimming like a real

der to adjust the object or its environmental performance

fish represents a dynamic function. Thus, the parame-

and enable all stages of work to achieve optimal perfor-

ters that must be improved in this system should notre-

mance, the object should be divided into parts capable of

duce the lure’s ability to function at different depths

movement relative to each other. If an object (or process)

and in different water layers without outsideassistance,

is rigid or inflexible, it should be made movable or adap-

force, and management of the time fish are caught by

tive. To use these principles to resolve the problems found,

bait. This represents the technical contradiction prob-

the lure must be equipped either internally or exter- nally

lem (Hsia, Huang, and Chen, 2011; Bukhman, 2012).

with a propulsion unit to enable it to move without

The 39 engineering parameters are used to solve tech-

outside assistance.
Inventive principle 22, Blessing in disguise, states

nical contradictions (Yang and Chen, 2011). When the
features of the system’s contradictions are known, the
items that should be improved include Item 10, Force,
Item 35, Adaptibility and Item 37, Complexity of Control. Parameters that should not be worsened include
Item 13, Stability of object, because the lure needs to
be stable in the water, and Item 14, Strength, because

that harmful factors (especially harmful environmental effects) can lead to beneficial consequences. For example,
one harmful factor may be combined with another to
eliminate the negative effects of either or both, or a harmful factor may be increased to such a degree that it is no
longer harmful. Using this principle to find solutions for

24

10.6977/IJoSI.202003_6(1).0002
S. Huang, Y. Jeng, T. Hsia / Int. J. Systematic Innovation, 6(1), 20-29 (2020)

problems indicates that a water battery should be used to

game fish, and the lure should resemble a fish in appear-

provide propulsion. This is more economical and does not

ance to the extent possible.

cause water pollution like an ordinary battery since it uses
contact with water to generate electricity.
Inventive principle 10, Preliminary action, states

Inventive principle 27, Cheap short-lived objects,
means replacing an inexpensive object with a multitude of
inexpensive objects, comprising certain qualities. Lures

that required changes to the object (whole or in part) must

under water can release the scent, so it is necessary to in-

be implemented before they are needed. Objects should be

stall a device which is designed with an inner and outer

pre-positioned in the most convenient location, enabling

feeder can. The inner can is filled with the scent bait,

them to be used without loss of time. Using this principle

while the outer can includes the compressor and camera

to find solutions for the problem shows that control board

lens. The compressor consists of a battery, motor, and

must be built into the lure in order to enable to simulate

spring. When the fishermen pushes a button on the fishing

the swimming motion of afish.

pole, the feeder outer can extrudes the feeder inner can

Inventive Principle 11, Beforehand cushioning,
states that emergency measures must be prepared in ad-

and the compressor scent is emitted immediately from
scent feeding hole to attract fish as shown in Figure 4.

vance to compensate for the relatively low reliability of an
object. This principle is used to solve the problem. For the
buoy shell design, the propulsion unit is matched with a
buoy shell, and the lure is connected with the buoy. When

scent feeding holes holes

the propulsion unit is running, the lureswillswirl.

feeder inner can

Inventive principle 30, Flexible shells and thin

spring

films, states that flexible shells and thin films should be

motor

used instead of three dimensional structures. Using this

battery

compressor

feeder outer can

principle to solve the problem, flexible shells and thin
camera

films are used to enhance the floatability via an inflatable
Fig. 4 Active scent release device

buoy shell.
Inventive principle 3, Local quality, states that an

Inventive principle 6, Universality, Make a part or

object’s structure can be changed from uniform to nonuniform, or an external environment or influence may be

object perform multiple functions. A camera is installed at

changed from uniform to non-uniform. Each of the ob-

the bottom of the active scent releasing device and con-

ject’s parts should be made to function in the conditions

nected to a screen on the fishing pole. The fisherman can

most suitable for its operation, and each part should fulfill

observe the fish and decide whether to trigger the scent re-

a different and useful function. Gunzo and Toshihisa

lease control button on the fishing pole.
The technical contradiction matrix shows that to

(2002) found that the catch rate was highest when the lure
was red, or black, followed by yellow, green, orange, and

make a lifeless lure into a lure that simulates the move-

pink [11]. Using this principle to solve the problem, the

ments of a fish and releases scent, at least 6 compo-

exterior of the lure should be a color that is attractiveto

nents should be added to the lure, and its color should
be changed. These five items include: (1) a water bat-
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tery; (2) control board; (3) propulsion unit; (4) inflata-

to operate when water is flowing through the lure, in-

ble buoy shell; (5) active scent release device; and (6) a

take and release differing amounts of water, and simu-

screen. The screen installed on the fishing pole is not

late the movements of a fish. Because of this, the pro-

an underwater component. The authors next perform a

pulsion unit and the water pipe are useful functions.

function attribute analysis of the underwater compo-

Since the tool is attached to the inflatable bag body, the

nents. Through examination of their cause and effect

inflatable bag body has useful functions. To maintain

relationships, the authors identify the optimal design

the lure’s ability to swim, all components must balance

for the active scent release lures.

each other. Because the water battery is heavy, it is necessary to place it at a location where it balances the wa-

4.

Function attribute analysis

ter pipe. Consequently, their relationship is harmful.
Since water goes in and out of the pipe, it will make the

Function attribute analysis (FAA) examines sys-

lure unstable. Further, the battery, water pipe, and pro-

tem and subsystem components to identify relation-

pulsion unit must be balanced. Thus, using stabilizer

ships between components and assemblies, as well as

fins and an inflatable bag to enable the lure to stably

the components of main and subsidiary functions. The

produce the swimming motion of a fish requires over-

purpose of this analysis is to determine whichfunctions

coming the harmful function of the water pipe, water

and relationships exceed, are insufficient, or harm sys-

battery, and inflatable bag.
Additionally, the lure’s color must be one that is

tem functioning. Such functions are termed negative
functions. Using the relationships between negative

attractive to fish, such as red or black, mimicking a real

functions and each component, points of contradiction

fish, to give it a higher catch rate.

of problems may be identified and used to resolve the
problems.
This study investigated the active scent releasing
device using function attribute analysis. It draws a border around the causal chain of the function attributes.
The causal chain shows the cause and effect relationships between the 6 components. Function attribute
analysis is then performed. As shown in Figure 5, the
water battery adds weight, which must be prevented
from affecting the swimming motion of the lure. Consequently, an inflatable bag must be added to enhance
Fig. 5 Lure Component Function Attribute analysis

its ability to float and move in the water. As a result,
the water battery, and inflatable bag are excessivefunctions. The water battery merely drives the propulsion
unit, and both are insufficient functions. A control
board is necessary to control the operation of the two
propulsion units in order to enable the propulsion unit
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Fig. 6 An active scent release device connected to the in-

Fig. 7 An active scent release device connected to the in-

flatable buoy shell

flatable buoy shell

5.

Design of the fishing pole with an active scent

release lure

Since the camera enables underwater observation
of the lure and nearby fish, fishing may become more
entertaining. Moreover, this innovation changes the tra-

Through the analysis of evolutionary trends,
technical contradiction matrix and functional attribute

ditional way of fishing. Using our fishing pole, a fisherman can control several hand poles at the same time.

analysis, the authors develop a fishing pole with an active scent release lure. The design principles for this

6.

fishing pole are discussed below.
An active scent release device with a real fishlike dynamic swimming function can adapt to the fishing pole with an inflatable buoy shell in the water. The
battery is fixed in the center of the buoy. The control
circuit is placed next to the buoy and filled with the inflatable balloon, which helps to maintain the stability
of the reciprocating operation. In addition, the camera
signal lens is installed at the bottom of the active scent
releasing device, and the signal line is connected to the
screen at the front end of the fishing pole. When the
battery is activated, the propulsion unit turns on and the
bait is operated as a swimming fish, as shown inFigure
6. Fishermen can watch the activities of fish under the
water and decide whether to release scent bait, as
shown in Figure 7.

Conclusion
In this study, TRIZ is applied to develop an ac-

tive scent release lure which can swim actively in the
water. First, the authors performed an evolutionary
trend analysis in order to determine the future path of
lure development. This found that lures are moving toward active lures that embody reduced user operation,
and increased ability to move like a fish. Materials are
moving toward becoming as soft and colorful as an actual fish. Second, a technical contradiction matrix was
used to identify functions to enable the active lure to
simulate a fish. The six components are: (1) a water
battery; (2) control board; (3) propulsion unit; (4) inflatable buoy shell; (5) active scent release device; and
(6) a screen. The design of these six components can
make the bait appear to be real swimming fish. Third, a
function attribute analysis was performed. This found
that the buoy shell can carry lures that dangle beneath a
buoy.
This design enables the lure to simulate the
movements of a fish. Fishermen, using the camera and
the screen, can watch fish to determine the timing of
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the scent release. Using this innovation, fishing can be-

8.

come a more entertaining leisure activity, with increased catch rates since one person can control more

Mann, D. L. (2002) Hands-On Systematic Innovation, IFR Consultants Ltd.

9.

Rapala (1936) The story of the invention ofthe

than one pole at same time. Along with the improve-

Lure http://www.teamjack.com.tw/magic/ar-

ment of technology by time on time, the volume and

chivefish/Rapala.htm, accessed on 2019/6/26.

weight of the active scent release lure can be reduced,

10.

Yang, C. J. and Chen J. L., (2011). Accelerating

and become for the fishing operations in the fishery

preliminary eco-innovation design for products

production.

that integrates case-based reasoning and TRIZ
method, Journal of Cleaner Production, 19, 998-

7.
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Abstract
In order to change the electrical property of the semiconductor, the semiconductor manufacturing process
adds other atoms in the silicon wafer (such as boron, phosphorus, nitrogen…etc.) during a process called doping.
There are some common doping techniques such as high-temperature diffusion doping, high energy ion beam
implantation, plasma doping, and so on. This research focuses on the topic of over doping of nitrogen ions in the
plasma doping process. The over doping of nitrogen easily causes a reaction between the nitrogen ion and photoresist. It leads to the photoresist fail to strip on cleaning procedure, which affects the production rate. In our study,
we use Function Analysis, Cause-Effect Contradiction Chain Analysis, Contradiction Matrix & 40 Invention Principles and other analytical tools to solve the engineering contradictions and the physical contradictions of nitrogen
doping process based on the Systematic innovation procedure.

Keywords: Ion implantation, Plasma doping, Photoresist stripping, Systematic innovation, TRIZ.
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Zhang, Ping (2016) mentioned that the process
1.

Introduction
Introduction describes the research background,

of semiconductor manufacturing can be divided into
the front and the back, which are:
Front process ： Including film formation, li-

purpose and literature review of this paper. Section
1.1 introduces the research background, Section 1.2

thography, etching, doping, chemical mechanical pol-

describes the purpose of this paper, and Section 1.3

ishing, cleaning and circuit testing.

describes the literature review of this paper.

Back process：Includes back grinding, cutting,
die bonding, wire bonding, packaging, wire pro-

1.1 Research background

cessing, marking and circuit testing.
In the front process, the semiconductor basi-

Su, Jiawei (2017) mentioned that the total export value of Taiwan in 2017 is about 8.4 trillion

cally repeats the manufacturing process, and the lay-

NTD, the import value is about 7.7 trillion NTD, and

ers are stacked to meet the design requirements. This

the trade surplus is about 0.8 trillion NTD, of which

paper will focus on the "doping" process in the pre-

the IC industry trade export amount is 2.4 trillion

stage process, and apply a series of analysis and dis-

NTD, and the import amount is 1.3 trillion NTD, and

cussion.

the surplus of trade in IC industry is 1.1 trillion NTD.

1.2 Research purposes

That is, without the contribution of the IC industry
In order to change the conductive properties of

trade, there would be a trade deficit of 0.4 trillion
NTD, indicating the importance of Taiwan's semiconductor output value for the overall economic contribution.
In order to maintain Taiwan's leading position

semiconductors, semiconductors are fabricated with
other atoms (such as boron, phosphorus, nitrogen, etc.)
which added to the wafer process. This process is
called doping. Common doping techniques are high

in the semiconductor market, continuous innovation,

temperature diffusion doping, high current ion im-

instead research, and development and improvement

plantation and plasma doping. This paper focuses on

are necessary means to keep market competitiveness.

the topic of excessive nitrogen ion doping in plasma

This paper attempts to introduce the systematic inno-

doping processes. In the case of plasma doping, if the

vation method of TRIZ into the semiconductor manu-

nitrogen ions are excessively doped, it is easy to

facturing industry, verifying how the systematicprob-

cause the nitrogen ions to react with the photoresist,

lem-solving process of TRIZ Theory can be applied

which cause the photoresist may cannot be smoothly

to the problems encountered in the semiconductor in-

peeled off during the subsequent cleaning process,

dustry, and provide an empirical case for the domes-

thereby affecting the product yield.
This paper uses Function Analysis (FA), Cause-

tic industry. In the end, we hope the research results
will accelerate the energy of production and research,
and continue to inject momentum into the leading position of Taiwan’s semiconductor industry.

Effect & Contradiction Chain Analysis (CECCA),
Contradiction Matrix and 40 Invention Principles.
(CMIP), Parameter Deployment and Operation etc.
analysis tools to analyze the engineering contradiction and physical contradiction encountered in the
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plasma doping process, and systematically analyze
and discuss the process, expecting to find an effective

TRIZ innovative problem-solving techniques
can be divided into the following processes:

solution that is over doped without reducing the pro-

A.

Problem definition stage: This stage in-

duction rate. We also hope to provide an empirical

cludes the formation of a project team to identifykey

case of the theory of TRIZ applied to the semicon-

issues and their related contradiction.

ductor industry to help the industry accelerate the improvement of the problem.
1.3 Literature review

B.

Solution generation stage: At this stage,

the contradiction matrix in theory, Contradiction Matrix and 40 Invention Principles, parameter deployment and operation, etc. are applied to solve the prob-

This section makes a brief literature review of

lem. This stage is also the essence of the theory of

the core of this paper which are divided into 2 sub-

TRIZ. With the above tools, there are opportunities to

sections, "TRIZ Systematic Innovation Theory" and

generate many possible answers.

"Semiconductor Doping Process".
1.3.1 TRIZ systematic innovation theory

C.

Solution Filtering, Evaluation, and Inte-

gration stage: This stage evaluates the answers generated in the previous steps and selects the appropriate

The so-called systemic innovation refers to the

answers for implementation and evaluation. Further,

"thinking process of systematically generating inno-

this thinking process can be expanded to other areas

vative/creative methods to solve problems." The the-

for integration to expand the impact of systemic inno-

ory of TRIZ is part of a systemic innovation founded

vation.

by the former Soviet inventor Genrich Altshuller.

1.3.2 Semiconductor doping process

Altshuller has studied ten thousands of patent reXiao, Hong (2012) said that one of the most

searches in the world and found that lots of patents
can be logically integrated into a systematic and inno-

important characteristics of semiconductor materials

vative thinking process. Compared with the idea of

is that conductivity can be controlled by doping dif-

problem solving such as random or unconventional

ferent materials, such as boron, phosphorus, nitrogen,

thinking, TRIZ Theory provides us with a set of

etc. This doping process can be broadly divided into

traceable logic to form a solution step by step. As a

two categories: high temperature diffusion and ion

result, there is a higher chance of quickly focusing on

implantation.
High-temperature diffusion is to provide dop-

the core of the problem and shortening the time
course for solving the problem.

ing atomic with kinetic energy through a high-tem-

The classical contradiction matrix (CM) and in-

perature furnace to accelerate the free movement of

ventive principles (IPs) developed by Altshuller were

the dopant atoms so that they have sufficient energy

based on patents from traditional industries in the

to impinge into the oxide layer. The design of such a

1950s. To date, no research has developed any CM

process device is simple and cheaper, but the doping

and IP specifically suitable for the semiconductor in-

process time is long and the dopant concentration,

dustry (Sheu, D. D., Chen, C.H., 2012).

impact depth and doping uniformity are not easy to
control.
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Ion implantation technology was first proposed
by William Shockley at Bell Laboratories in 1954. It

2. Research methods

generates ions required for doping by an ion source,

Research methods describe a series of analyti-

and the ion accelerator carries ions to carry enough

cal procedures for the application of the theory of

energy to strike the oxide layer to complete the dop-

TRIZ to the problem of excessive nitrogen ion dop-

ing process. Compared with the high temperature dif-

ing, which is written in Section 2.1–2.3. The architec-

fusion method, the ion implantation can inde-

ture of the entire process is shown in Figure 1.

pendently control the dopant concentration and depth,
and the doping process time is greatly shortened.

Fig. 1：Problem solving process diagram
2.1 Problem definition
With the development of semiconductor minia-

The problem in this study is that the nitrogen
ion doping is excessive in the plasma doping process,

turization, the use of lower energy ion implantation

which causes the photoresist to be smoothly peeled

techniques and the need of shortening the doping

off during the subsequent cleaning process, therefore,

time have been derived. Plasma doping technology is

affecting the product yield. The goal is to find a feasi-

one of the ways to respond. Plasma doping is to intro-

ble solution to improve the problem of excessive dop-

duce a doping gas (such as NH3) into a vacuum reac-

ing without affecting the production rate. In this per-

tion chamber, and the doping gas is ionized into a

spective, the teamwork and brainstorm behind the

plasma group with equal positive and negative

study gathers academic tutors, graduate student, and

charges by a radio frequency power source (RF

technical engineers.

Power). The doping ions (such as N+) are required to
contact the surface of the oxide layer to complete
doping. The process schematic is shown in Figure 2.

33

10.6977/IJoSI.202003_6(1).0003
R. Lee, D. Hsu, S. Wu, D. Daniel Sheu / Int. J. Systematic Innovation, 6(1), 30-45(2020)

Table 1: Function analysis table
Step
Component analysis

Functional
relationship matrix
Fig. 2：Diagram of plasma doping process equipment

2.2 Method of problem analysis
First of all, from the point of view of components, we analyze the functions and interactions of all
the components in the system one by one to focus on

Graphic of
FA

the core of the problem.
2.2.1 Method of function analysis
Function analysis is a tool for identifying problems. Through function analysis, one can understand
the functions and relations between components in
the system. At the same time, you can identify the

Step explanation
Through component analysis, the
main function of the system should
be identified first, and the component
items included in the system and the
super system should be understood to
define the scope of the problem.
The functional relationship matrix is
based on the result of component
analysis. It knows all the components
in the system and the operating system, and by putting each component
into the functional relationship matrix, judge whether the components
are in contact with each other. If two
components are related, then determine whether there is a function between the components.
The graphic of FA is to complete the
component analysis and functional
relationship matrix, and then integrate the results into a graph, which
can quickly focus on the function disadvantages, so as to make a Cause
Effect Contradiction Chain Analysis
later.

2.2.2 Method of Cause Effect Contradiction Chain
Analysis

functions between components are useful ornegative.
After the function analysis is completed, it is

Usually, negative functions contain harm, excess and
insufficiency. The function analysis is performed in

possible to identify the target disadvantages in the

three steps, namely component analysis, functional

system, listing the target disadvantages in a table, and

relationship matrix and graphic of FA. The explana-

to select one or several target disadvantage points.

tion of the three steps is shown in Table 1 below.

When the target disadvantage point selection is completed, the cause effect relationship can be found
through the selected target disadvantage point, and
keep find until the disadvantage can’t be found, and
the last disadvantage point is marked as a key disadvantage point. Then, keep find the positive relationship from the key disadvantage point to the target disadvantage point. If there is a disadvantage point that
has both positive and negative functions, then the dis-
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advantage is the physical contradiction, and the rela-

2.3.2 Method of parameter deployment and opera-

tionship deduced by the physical contradiction is the

tion

engineering contradiction.
Parameter deployment and operation is an inte2.2.3 Families of contradiction
After the Cause Effect Contradiction Chain
Analysis is completed, the physical contradiction and
engineering contradiction in the system can be identified and presented by the method of
"IF...THEN...BUT..." model, so-called families of
contradiction. IF indicates the possibility of the solution, THEN indicates the purpose of the solution, and
BUT indicates the disadvantage of the solution.
Through the Families of contradiction, can make it
clearer about the cause of the engineering contradic-

grated solution to solve physical contradiction in the
system. Physical contradiction refers to the requirement of two contradictions for the same parameter of
the same system. Firstly, it is judged whether the
problem can be solved by the separation conflict requirement, and the problem is solved by the order of
space, time, association, and system separation (Sheu,
D. D. and Li, H. C., 2014). For example, the customer wants the smart phone screen to be large and
easy to read, but still hopes that the screen is small
enough to be portable. Here, the customer has a contradiction for the size (i.e. parameters) of the

tion.

smartphone screen, which is a physical contradiction.
2.3 Method of solution generation
At this stage, we introduce two innovative solutions which are “Contradiction Matrix and 40 Invention Principles" and " parameter deployment and op-

To solve physical contradiction, the relevant parameters influencing, or affecting, the two objectives O1
and O2 or the contradictory parameter P need to be
investigated (Sheu, D. Daniel and Rachel Yeh, 2018).
Parameter deployment helps us to start from the

eration".

problem point, find the relevant components and pa2.3.1 Method of Contradiction Matrix and 40 Invention Principles

rameters of the problem point, and clarify the parameters that may be used to solve the problem. Parameter operation solves the problem by changing various

Altshuller conducted extensive research based

parameters. The parameter operation can be divided

on past patents and found that these patents can be

into three categories: "parameter domination", "pa-

grouped into 40 invention principles. Such as seg-

rameter separation" and "parameter transfer". Thedif-

mentation, asymmetry, nested structure, etc. Using 40

ference is that "parameter separation" uses the param-

invention principles to solve the problem is to absorb

eters around the problem point to solve the problem,

the wisdom of the predecessors to solve the problem

while "parameter transfer" may solve the problem

at hand. Based on problem analysis, we can use the

with external parameters that appear to be unrelated

40 invention principles to think about possible solu-

to the problem.

tions.

The method of parameter deployment and parameter manipulation (Parameter domination and Parameter separation) can help user to perform different
problem solving strategies
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COPE/
COEP

(PD/CPS/COPE/COEP/COEE), and propose more
and more comprehensive solutions to improve the
problem-solving performance of the company
(Cheng, Chi-Ying and D. Daniel Sheu, 2018). Once
the parameter deployment is complete, the tool can

TPPA/
TPAP

be manipulated with parameters to generate a variety
of possible solutions. Figure 3 is the architecture diagram of summarizes the strategies in the parameter
operation.

TOPA/
TOAP

Fig. 3: Overview of the parameter operation problem
solving

TOAE/
TOEA

Following a series of detail of acronyms of the
strategies (Sheu, D. D., 2015) are summarized and
explain in Table 2.
Table 2. List of the various strategies
Parameter Domination. By enhancing one or multiple compatible constituent parameters (Zk)
greatly to the extent that the influence by Zk dominate the influence of Pj thus O1 and O2 can
be achieved simultaneously.
IPV
WithIn Parameter separation by
Value range. This includes all
existing separation principles
and more as indicated by separation at different value range of
Xjm in Eq. 2.
CPS
Cross Parameter separation by
Splitting parameter. Splitting a
contradictory parameter into two
PD

TOAA/
TOA/TOAV

Cross Parameter separation. PE:
Use +P to satisfy O1 and Exclusive parameter of O2 to satisfy
O2. EP: Use -P to satisfy O2
and Exclusive parameter of O1
to satisfy O1.
Transfer a parameter to satisfy a
contradictory parameter P. PA:
Let P = +P and use an Additional
(external) parameter to satisfy –
P. AP: Let P = -P and useanAdditional (external) parameter to
satisfy +P.
TOPA: Transfer satisfaction of
O2 to an Additional parameter
while letting P = +P to satisfy
O1.
TOAP: Transfer satisfaction of
O1 to an Additional parameter
while letting P = -P to satisfy
O2.
TOAE: Using Exclusive parameter of O2 to satisfy O2 and
Transfer satisfaction of O1 to an
Additional parameter.
TOEA: Using Exclusive parameter of O1 to satisfy O1 and
Transfer satisfaction of O2 to an
Additional parameter.
Transfer satisfaction of O1/O2
(TO) to: 1) two distinct Additional parameters (AA), 2) one
Additional parameter on which
the contradiction disappear or
become non-effectual, 3) one
Additional parameter but separate them by Value range (AV).

3. Research Results
Research results describe the result from research method. Section 3.1 introduces the result of
problem analysis, Section 3.2 describes the result of
answer generation, and Section 3.3 describes the solution selection and integration.
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3.1 Result of problem analysis
This section describes the result of problem
analysis. Subsection 3.1.1 introduces the result of
function analysis, and Subsection 3.1.2 describes the
result of Cause Effect Contradiction Chain Analysis.
3.1.1 Result of function analysis
Fig. 4: Functional Attribute Analysis Chart

Through component analysis, the main function
of the system should be identified first. The plasma
doping process discussed in this study consists of a

3.1.2 Result of Cause Effect Contradiction Chain

wafer substrate, an oxide layer, a plasma cluster, a

Analysis

heater, a vacuum pump, a reaction chamber, a presThrough Cause Effect Contradiction Chain

sure regulating valve, a radio frequency power, a
paired capacitor, and a pressure gauge.
After the component analysis, the functional relationship matrix is based on the result of component

Analysis, we can identify the most important key disadvantage point, and Cause Effect Contradiction
Chain Analysis as shown in Figure 5.
As shown in the Figure 5, we start by looking

analysis. Next, we put each component into the functional relationship matrix to judge whether the components are in contact with each other. At last, integrating the results into a graph (Figure 4), which can
quickly focus on the function disadvantages
By analyzing the interactions of components in
the system from the perspective of components, we

for the cause from the target disadvantages. We can
find “High plasma density” combine “High oxide reactivity” are the reason cause the “High plasma
N+”.”High gas flow rate of NH3” and “Low chamber
pressure” and “High RF power” cause “High plasma
density”. At last, since we can’t find the result of
“High RF power”, we take it as the key disadvantage.

are able to identify the core of the problem and focus
on the contradiction points of the problem.
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Fig. 5: Cause Effect Contradiction Chain Analysis

3.2 Result of answer generation

study proposes four possible solutions, presented
in tabular form in Table 3, with schematic views

At this stage, we apply two innovative solu-

of Figures 6-9.

tions, which are "Contradiction Matrix and 40 Invention Principles" and " parameter deployment
and operation" into our case. The process is described in the following subsection 3.2.1-3.2.2.
3.2.1 Result of Contradiction Matrix and 40 Invention Principles
In this study, the plasma concentration was
reduced to reach the target of excessive doping,
and the radio frequency power was reduced as a
means to generate a collision matrix.
The improvement parameters listed here are
the loss of matter and the deterioration parameter
is productivity. Based on the 40 invention principles, we can find the principles of "mechanical
system replacement", "parameter change", "feedback". Guided by these inventive principles, this

Table 3: Answer sheet generated using 40 invention principles
40 invenInnovation solution
tion principles
(28) MeThe plasma diffusion is replaced
chanical
by a thermal diffusion method.
system reAs shown in Figure 6
placement
An inert gas (such as helium He)
(35) Pais
mixed into the ammonia (NH3)
rameter
to
reduce the doping plasma conchange
centration. As shown in Figure 7
The surface of the oxide layer is
irradiated with ultraviolet rays,
(23) Feedand the change in reflectance is
back
detected as a monitoring index of
the doping concentration. As
shown in Figure 8
The conductive device is
mounted around the wafer sub(23) Feed- strate, and the doping concentraback
tion is monitored by detecting the
current generated by the ion
ground. As shown in Figure 9
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Fig. 9: Current monitoring doping concentration
generated by detecting plasma grounding

Fig. 6: Using thermal diffusion to replaceplasma
doping

3.2.2 Result of parameter deployment and operation
In this step, we first deploy the parameters,
list the local system of the problem, and identify
the surrounding components and related parameters, as shown in Figure 10.

Fig. 7: Mixing inert gas to reduce plasmaconcentration

Fig. 10: Diagram of component identification
The object 1(The following is called "O1")

Fig. 8: Monitoring the doping concentrationusing
UV light

is “High productivity”, object 2(The following is
called "O2") is “Reduce the doping depth”, and
the contradiction parameter is the radio frequency
power. In order to meet the O1, we hope that the
radio frequency power is large, but on the other
hand, in order to meet the O2, we also hope that
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the radio frequency power is small. In order to reTOA

solve this contradiction, the parameters can be deployed after the local system is identified, as
shown in Figure 11. By parameter deployment ta-

PD

ble, we can quickly focus on the parameters that
can be used to solve the problem. The parameters
can be classified into three categories, namely
contradiction parameters, exclusive parameters

IPV

and compatible parameters.

CPS

COEP

Fig. 11: Diagram of parameter deployment
Once parameter deployment is complete,
the tool can be manipulated with parameters to
generate a variety of possible solutions. Table 4
TOPA

summarizes the various possible problem-solving
combinations in the parameter operation. With a
series of questions and thoughts in Table 4, we
can systematically find possible solutions to the
problem.
Table 4: Innovative solutions generated using parametric operations
strategy

TOEA

solution
Thermal diffusion doping instead
of plasma doping- the use of a
high temperature lamp rapidly
heats the gas, allowing the gas to
diffuse freely to dope the oxide
layer. See Figure 6.

TOAP

40

Change gas concentration- Inert
gas (such as helium) is mixed with
ammonia gas to change the plasma
concentration. See Figure 7.
Reduce process time-O1: High
Productivity, O2: Reduce Doping
Depth. By decreasing the doping
process time, both O1 and O2 are
satisfied.
RF power decreases by time-Rapidly increase RF power at the beginning of the process, and decrease gradually as the process
progresses to mid-range. See Figure 12.
Strengthen chamber insulationLeakage currents are prevented
from entering the chamber to create additional electromagnetic
fields that affect the plasma concentration. See Figure 13.
Use thinner oxide layers- using a
thinner oxide layer to meet O1,
and lower RF power to meet O2.
Using sensors to monitor doping
depth-dynamically control the
power of wireless RF power. See
Figure 8, 9.
Increase the angle of wafer baseUsing high RF power to meet O1
(high productivity) and meet O2
by adjusting the angle of the wafer
base (reducing doping depth). See
Figure 14.
External electric field-Apply a new
electric field around the chamber
or on the bottom of the wafer. See
Figure 15.
The use of the slide rail let the RF
power adjust the angle, which in
turn affects the plasma concentration to meet the O2 (reduced doping depth). See Figure 16.
Using a rotatable wafer pedestal,
multiple wafers are placed in the
chamber to meet O1 (high productivity), reduced RF power to meet
O2 (reduced doping depth). See
Figure 17.
Multiple inlet air-change the original single inlet to multiple inlet.
See Figure 18.
A magnetic field controller will be
added to change the state of the
plasma flow to meet the O1 (high
productivity), and the reduced radio frequency power to meet the
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TOA

Trimming

TPPA

O2 (reduced doping depth). See
Figure 19.
Use light heater-The use of lampheated heating rapidly increases
the temperature. See Figure 20.
Preheat ammonia-Pre-heat ammonia to meet O1 and O2. See Figure
21.
Increase plasma guidance channeladd a plasma guide channel in the
chamber to meet O1 and O2. See
figure 22.
Increase vacuum pump-increase
vacuum pumping and speed up
chamber decompression to meet
O1 and O2. See Figure 23.
Composite materials-using composite materials to meet O1 and O2.
See Figure 24.
Elevating wafer base-using a vertically movable wafer base to meet
O1 and O2. See figure 25.
Trim the rotary pressure control
valve with high failure rate and replace it with a higher pressure control device. See Figure 26.
RF power pulse mode-using a capacitor divider to adjust RF power
from continuous mode to pulse
mode. See Figure 27.

Fig. 13: Diagram of strategy CPS

Fig. 14: Diagram of strategy TOPA (1)

Fig. 12: Diagram of strategy IPV

Fig. 15: Diagram of strategy TOPA (2)
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Fig. 16: Diagram of strategy TOPA (3)

Fig. 19: Diagram of strategy TOAP (2)

Fig. 17: Diagram of strategy TOPA(4)
Fig. 20: Diagram of strategy TOAP(3)

Fig. 18: Diagram of strategy TOAP(1)

Fig. 21: Diagram of strategy TOAP(4)
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Fig. 22: Diagram of strategy TOAP(5)
Fig. 25: Diagram of strategy TOA(2)

Fig. 26: Diagram of strategy trimming
Fig. 23: Diagram of strategy TOAP(6)

Fig. 27: Diagram of strategy TPPA

3.3 Solution selection and integration
Fig. 24: Diagram of strategy TOA (1)
After using different tools in the solution
generation phase, we are able to come up with
possible solutions based on a series of logical
thinking processes and aids. In the stage of answering selection and integration, this study evaluates the feasibility and benefits of various solutions with the expertise and experience of senior
technical engineers in the semiconductor industry.
Finally, the "radio frequency power source pulse
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TRIZ Theory has been deeply integrated

mode" solution generated by the TPPA problemsolving strategy in the "parameter deploymentand

and summarized the wisdom of past people into a

operation" thinking process is selected and experi-

systematic study. At each stage of the problem-

mentally designed to verify if this solution helps

solving, there are a series of mature tools that help

to improve the excessive nitrogen ion doping. The

us to focus on the core of the problem. This study

research results are summarized in Chapter 4.

applied the theory of TRIZ to the improvement of
nitrogen ion doping excess in the semiconductor

4. Summary and conclusions
industry. It has been proved by experiments that
This research used the theory of TRIZ sys-

this systematic solution to problems does help to

temic innovation to gradually focus on the core of

improve the problem. It is a mature and effective

the problem through a series of logical thinking

tool for solving problems.

processes and auxiliary tools in the process of
problem definition, analysis and solution genera5.
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Abstract
This study first explores the factors that influence the pricing of e-books and physical books, and then book
pricing strategies formulated with a TRIZ approach to business management. In this study, the conflict points of book
pricing are spotted first, namely exchange rate fluctuation, market share, update speed, penetration price, preferential
activity, and differential price. The corresponding positive and negative effects for the six conflict points are identified
respectively. Next, the corresponding parameters for the positive and negative effects are used to identify each parameter’s corresponding TRIZ-based principle of invention respectively. The principles of invention are then used to formulate book pricing strategies. Finally, the book pricing strategies are recommended to the publishing industry as a
reference for new book pricing.

Key words: Book pricing strategy, TRIZ approach to Business Management, TRIZ-based principles of invention,
Publishing Industry.
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historical data analysis, etc. Consequently, the pricing
1.

Introduction
The development of the globalized publishing in-

will differ along with the changes of customer habits,
competitive positions, distribution channels, and national

dustry faces multiple challenges that change quickly. The

conditions. Books are divided into physical books and e-

factors that influence book pricing not only involve mar-

books when they are priced with different pricing strate-

kets and competitors, but also those such as interdepend-

gies. In this way, the publishing industry and readers are

ence, supply and demand between the publishing indus-

both able to maximize their profits and needs. Therefore,

try and readers.

the study will discuss the pricing strategies for e-books

Take the book market in Taiwan in 2015 for ex-ample. The publishing industry market for physical books

and physical books, respectively.
2.1 E-book pricing strategy

(upstream) is estimated to be NTD 19.93 billion, and that
for bookstores (downstream) is estimated NTD 23.85 bil-

E-books are referred to the published physical

lion. The e-book publishing industry (up-stream) is esti-

books whose words, pictures and images are digitalized

mated to be NTD 0.32 billion while the digital dealer

and presented with multimedia. Consequently, the e-

market (downstream) is estimated to be NTD 0.61 bil-

books are interactive, and they have hyperlinks and can

lion. With a market worth nearly NTD 45 billion, how to

be retrieved. E-book pricing strategies consist of long tail

use pricing strategies to create a competitive pricing

theory, brand value, reader positioning, product life cycle

niche for books is the key issue for this study. E-book

and free pricing.

pricing models are divided into five categories: long tail

2.1.1 Long Tail Theory

theory, brand value, reader positioning, product life cyThe Long Tail Theory is founded on the 80/20 Rule.

cle, and free pricing. Paper book pricing models are also
divided into five types, namely demand elasticity, resale

The theory enables businessman to continue making

price maintenance system, production cost, psychologi-

profits until in the late phase of sales so that a considera-

cal pricing and competitor pricing.

ble profit can be obtained by multiplying the long-tailed

This study aims to formulate strategies for book

niche commodity with a very low unit price. Based on

pricing with TRIZ-based principles of invention, which

the Long Tail Theory, two strategies can be formulated

will have been spotted with the positive and negative ef-

for e-books, namely bundling pricing and custom pric-

fects of the conflict points. The conflict points will be

ing.

found out with the TRIZ approach to business manage-

Bundling pricing refers to the strategy that a sales

ment, which is detailed in the book Hands-On Systematic

system will automatically recommend relevant e-books

Innovation for Business and Management by Darrell

when customers buy one, and the customers enjoy dis-

Mann (2004).

counts if they buy the recommended books. The more e-

2.

Literature Review

books they buy, the lower the unit price for the e-books
will be. In this way, the consumers are led to buy more e-

Book prices were determined by previous experi-

books at a time. As for custom pricing, it means that vari-

ences of the supplier and the demander of the book mar-

ous customized supplies and demands can prolong the

ket. Nowadays, the factors that influence book pricing

long tail of the e-book sales without limits. Online

are determined by expert judgments, customer surveys,
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bookstores can analyze the interest, profession and educational needs of the consumers with their purchase rec-

2.1.5 Free pricing

ords. With that, the bookstore will customize book infor-

The price mechanism of free pricing is that the

mation for them, which will be sent to them by e-mail or

buyer and the seller determine the price together by way

by phone message. In this way, promotional information

of bargaining. They decide on the final price for the book

of the similar and relevant books is sent to the previous

based on their objective judgment for its value. The key

consumers so as to promote sales.

for the seller to make a profit lies in how to properly
price e-books. Generally speaking, the prices for e-books

2.1.2 Brand Value
are often low at first and later their prices are raised, for
Brand value is an intangible asset for enterprises,

the seller means to make consumers get used to pay for

which represents the enterprises’ reputation, brand im-

the e-books first. Later he raises the price slowly. In this

age, consumers’ recognition for the brand, and consum-

way, the publishers make a profit.

ers’ loyalty to the brand. A successful brand will help the
enterprise spot its position in the market and its own

2.2 Physical book pricing strategy
Physical books are the ones with writing and print-

strengths and weaknesses when compared to other
brands. If consumers like the brand and they are willing

ing as their media, enabling readers to leaf it through at

to buy, they will buy its new arrivals. For instance, con-

any time and leaf it back and forth. The pricing strategies

sumers will wait in a queue to buy NIKE sneakers that

for physical books include demand elasticity, resale price

are newly issued products. Similarly, the brand value of

maintenance system, production cost, psychological pric-

e-books is closely related to their pricing strategy.

ing and competitor pricing.

2.1.3 Reader positioning

2.2.1 Demand Elasticity

The publication of e-books needs to take into ac-

Demand elasticity means the demand for a product

count the needs of readers. When they are published,

changes along with the prices. The more substitutes a

they need to be properly positioned. The introduction of

good has, the bigger its elasticity will be. The paper book

the books should be concise yet powerful. If they cansat-

is a commodity that lacks price elasticity. Usually, manu-

isfy the needs of the readers, they can sell a good price.

facturers increase sales revenue by raising prices. How-

2.1.4 Book life cycle

ever, the price elasticity for diverse types of paper books
is different. For instance, the price elasticity of textbooks

The life cycle refers to the process in which a book

is lower than that for educational reference books. The

enters into the market and then exits the market. The pro-

elasticity for the popular books about recipes, health and

cess includes four stages, namely market entry, growth,

others is higher than that for professional books. That is

maturity and recession. (Parker, 1992) conducted to test

why popular books are sold at a relatively low price.

the dynamic behavior of elasticity over the product life
cycle. The empirical results show that whether the prod-

2.2.2 Resale Price Maintenance System
Resale price maintenance refers to the price at

uct is necessary and the degree of substitution affects the
elastic dynamics.

which a fixed counterparty resells a commodity to athird
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party. The pricing of paper books is influenced by the di-

they are often high priced. Usually, there are often lim-

versification of the layout and the enthusiasm of the au-

ited copies for the books. In this way, a considerable

thors. As long as the books possess specialty, and of cul-

profit can be achieved in a short-term.

tural and public nature, and the market mechanism is
used flexibly, they will be able to exert effects on the

2.2.5 Competitor pricing
Competitor pricing is based on the publication

pricing.

prices of market competitors. The price of paper booksis
2.2.3 Production Cost
As for the pricing based on production costs, the

set above the competitive price within the industry. In
addition, the publishing industry will reserve profits for

price of a paper book is set according to actual produc-

downstream bookstores when pricing to prevent the pa-

tion costs and appropriate profits. It has two pricing

per book from being unsalable.

methods: one is cost-based pricing and the other is target

This study uses the TRIZ approach to businessman-

profit pricing. The former is a pricing method based on

agement to draw up a book pricing strategy. This section

the cost of a single book plus a certain percentage of

first discusses the TRIZ theory and the TRIZ principles

profits. That is to say, the price of a single book = the

of invention. Later, it explains how to combine the pric-

cost of a single book * (1+ profit margin). The pricing of

ing strategy with the principles.

a paper book = (the price of the book + the royalty) * 3
or 2.5. The latter is the target profit pricing method. Ac-

3.

Methodology

cording to this method, a paper book is determined based
on its total cost, target profit, and expected sales volume,

3.1 TRIZ Theory and Principles of Invention

namely the price of a paper book = (total cost + target
TRIZ is the abbreviation of Teoriya Reahniya Izo-

profit) / expected sales volume. The advantage of the approach is that the target profit can be realized as long as

bretatelskikh Zadatch, the name of the theory in Russian.

the sale of the book reaches the expected sales volume.

It means an inventive problem-solving theory. It was

2.2.4 Psychological pricing

translated into English as Theory of Inventive Problem
Solving, which means innovative problem solving the-

The so-called psychological pricing is a pricing ap-

ory. The TRIZ theory was developed into an analytical

proach with the use of readers’ psychology and their con-

problem solving tool, which contains 39 engineering pa-

cept of prices. There are three specific practices for the

rameters, contradictory matrix, 40 principles of invention

psychological pricing. (1) Mantissa pricing: an integer is

and the Algorithm of Invention Problem Solving (ARIZ).

not chosen as a price, but 9 is taken as the mantissa of

Genrich Altshuller (1994, 1999) put forward 40

the price. In this way, the consumers will produce an illu-

TRIZ-based invention principles by reviewing about

sion that the price is not high. (2) Integer pricing: the

200,000 patents. TRIZ has been gradually applied to

mantissa of the price is 0. This practice is often applied

non-technical fields such as society, business, cultureand

to high-end, high-value, and high-quality paper books.

art. In 2004, Darrell Mann published the book titled

(3) High-price strategy: for those books which are treas-

Hands on Systematic Innovation. In that book, he started

ured or preserved copies, or short-lived publications,

using the TRIZ approach to business management. Also,
he proposed many innovative business solutions. He
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Table 2 Pricing Strategy and Invention Principle

combined the contradictory matrix with business, which
became a contradiction matrix for business management,

Category Pricing strategy
E-book
1.Long tail theory

and later evolved into 40 TRIZ-based principles of invention for business management. Next, Valeri Souchkov
proposed the 40 invention principles of TRIZ business

Paper
book

management innovation, as shown in Table 1. (Sheu,
2017)

2.Brand value
3.Reader positioning
4. Book life cycle
5. Free pricing
1.Demand elasticity
2.Resale
price
maintenance system
3. Production cost
4.Psychological
pricing
5.Competitor pricing

Inventive Principle
14 Non-Linearity \ 15 Dynamization \ 20 Action Continuity \
28 Principle Replacement \ 37 Relative Change
10 Prior Action \ 38 Enriched Atmosphere
3 Local Quality \ 7 Nesting \ 14 Non-Linearity
19 Periodic Action \ 36 Paradigm Shift
15 Dynamization
14 Non-Linearity \ 29 Flows and Flexibility
33 Homogeneity
35 Parameter Changes
5 Merging\ 9 Prior Counter-Action \ 16 Slight Less Or More \
22 Blessing in Disguise
11 Beforehand Cushioning \ 12 Remove Tension \ 18
Resonance

Table 1 The 40 TRIZ principles of invention used in
business
No.

Table 3 31 TRIZ parameters for business management

Inventive Principle

No.

Inventive Principle

1

Segmentation

21

Hurrying

2

Taking Out

22

Blessing in Disguise

3

Local Quality

23

Feedback

4

Asymmetry

24

Intermediary

5

Merging

25

Self-Service

6

Universality

26

Copying

7

Nesting

27

Cheap and Short Life

8

Counter-Balance

28

Principle Replacement

9

Prior Counter-Action

29

Flows and Flexibility

10

Prior Action

30

Border Conditions Change

11

Beforehand Cushioning

31

Holes and Networks

12

Remove Tension

32

Visibility Change

13

The Other Way Around

33

Homogeneity

14

Non-Linearity

34

Discard and Recovery

15

Dynamization

35

Parameter Changes

16

Slight Less Or More

36

Paradigm Shift

17

Another Dimension

37

Relative Change

18

Resonance

38

Enriched Atmosphere

19

Periodic Action

39

Calm Atmosphere

20

Action Continuity

40

Composite Structures

No.
1
3
5
7
9
11
13
15
17
19
21
23
25
27
29
31

4.
3.2 Combination of book pricing strategies with the
principles of invention
The books can be categorized into e-books and paper books. In the literature review, this study describes
the pricing strategies for e-books and paper books separately. There are five strategies for each category and 10
strategies in total. The 10 pricing strategies are combined
with the 40 invention principles to find out the corresponding relationship between the strategies and the
principles, as shown in Table 2. This table can be used
when pricing conflicts are discussed later. When the con-

Parameter
Activity Effectiveness
Activity Expense
Activity Complexity
Activity Safety
System Effectiveness
System Expense
System Complexity
System Safety
Internal Risk
Information Sharing
Information Flow
Material Flow
Harmful Effects from System
Organizational Tension
Customer tension
Environment Stability

No.
2
4
6
8
10
12
14
16
18
20
22
24
26
28
30

Parameter
Activity Variability
Activity Time
Activity Convenience
Activity Reliability
System Variability
System Time
System Convenience
System Reliability
External Risk
Information Loss
Feedback
Harmful Effects to System
Adaptability /Versatility
Organizational Stability
Customer Stability

Book Pricing strategy
To find out book pricing strategies, the factors that

are taken into account during the pricing should be spotted first based on the conflicting points of pricing. This
section first discusses the conflicting points of book pricing. Secondly, the TRIZ parameters of business management are used to find out the corresponding invention
principles. At last, the factors that determine the pricing
of books are spotted with the principles of invention, and
later the pricing strategies are formulated. They are now
described as follows.
4.1 Conflicting points of book pricing

tradiction produced by the 31 business management
Book prices are subject to exchange rate fluctua-

TRIZ parameters (as shown in Table 3) will be fed back
to the invention principles, one can immediately spot the
corresponding book pricing strategy.

tions, market shares, and the speed of version updates,
penetration prices, and preferential activities. (Dolan and
Simon, 1996)
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that enter into the market will lead to bad reputation due
4.1.1 Exchange rate fluctuation
Book pricing is influenced by exchange rate fluctuations. The depreciation of domestic currency is condu-

to their high market share. The original favorable factor
(market share) becomes a harmful effect, so choose parameter 24 (the harmful effect to the system).

cive to the export of books, affect the price system and
increase consumers’ willingness to buy, so choose pa-

4.1.5 Preferential activity
The bookseller launches different preferential activ-

rameter 9 (System Effectiveness) while the appreciation
of domestic currency is helpful to the import of books,

ities for varied types of books from time to time. Before

affect the price system and increase consumers’ willing-

the activities, different media are used to inform consum-

ness to buy, so choose Parameter 11 (System Expense).

ers of the news as quickly as possible, so choose parameter 21(Information Flow). If the promotional period has

4.1.2 Price increase
Along with book prices increasing, the unit profit of

passed, the discount will no longer be available to the
consumers. Consumers accustomed to the rapid and au-

books rises, choosing parameter 9 (System Effective-

tomatic inflow of information will be unable to adapt, re-

ness). Accordingly, the relative market share will be re-

sulting in a lack of information, which will reduce the

duced, affect the ability of stable achieving profits,

profit of firm, so choose parameter 26 (Adaptability /Ver-

choosing parameter 31 (Environment Stability).

satility).

4.1.3 Speed of version updates

4.1.6 Differential pricing
Booksellers will set different prices for books based

To respond to changes in the market, the book editions should be constantly updated. It means the com-

on the consumers’ different preference in order to in-

plexity of the firm’s marketing strategy, so choose pa-

crease elastic profits. This flexible pricing strategy is

rameter 5 (activity complexity), If the editions are not

based on the understanding of the consumer information,

updated for a long time, consumers will reduce their

so choose parameter 21(Information Flow). On the other

willingness to buy, which results in slow sales and in-

hand, the method may make consumers feel unfair. Re-

creasing inventory costs. In this way, loyal customers

duce consumer loyalty and increase instability, sochoose

may decrease. Also, the monopoly and leadership will be

parameter 26 (Adaptability /Versatility).
This study, based on the aforesaid six conflict

lost. Due to the loss of the original stable customer base
and leadership position, parameter 31 (environmental

points, finds out the positive and negative effects for

stability) was chosen.

each conflict point, as shown in Table 4.

4.1.4 Penetration price

Table 4 Conflict points for pricing

In order to stimulate sales, books are often issued
with a low initial entry price to attract readers and gain
market share. Duo to stable customer group was established, parameter 31 (environmental stability) was chosen. On the other hand, it will result in ineffective management for booksellers. For instance, defected books

Contradiction
1. Exchange rate
fluctuation
2. Price increase
3. Speed of version
updates
4. Penetration price
5. Preferential activity
6. Deferential pricing
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Positive effect
Domestic currency
depreciation conducive to
exporters
Unit profits increase
Innovative/diversified
versions update quickly
Market share increases
Sellers respond quickly
Profits increase

Negative effect
Domestic currency
appreciation conducive to
importers
Market share decreases
Leadership lost with a low
update
Defected books
Buyers respond slowly
Customers feel unfair

10.6977/IJoSI.202003_6(1).0004
S. Huang / Int. J. Systematic Innovation, 6(1), 46-54(2020)

4.2 Find out corresponding principles ofinvention

A1 The exchange rate fluctuation is taken into account
to avoid exchange rate loss.

with TRIZ parameters

B1 The book positioning should be considered accordAccording to Table 4, the corresponding parameters

ing to the topics of the books. In this way, consum-

for the positive and negative effects of the six conflict

ers will not change their purchase along with the

points are spotted respectively from the 31 TRIZ parame-

change of the pricing caused by the fluctuation of

ters. Later, corresponding invention principles for the parameters are found out, as shown in Table 5.

the exchange rate.
C1 When the domestic currency depreciates, the cost of
imported books rises. In this instance, the prices of

Table 5 The corresponding parameters of the positive
and negative effects of conflict points
Contradiction
1.Exchange rate

Positive effect

the books should be adjusted. For those with a low
price elasticity of demand, professional books, for

Negative effect

Parameter 9 (System Effectiveness)

Parameter 11 (System Expense)

2.Price increase

Parameter 9 (System Effectiveness)

Parameter 31 (Environment Stability)

3. Speed of version

Parameter 5(Activity Complexity)

Parameter 31 (Environment Stability)

in this instance. For those with a high price elastic-

4.Penetration price

Parameter 31(Environment Stability)

Parameter 24 (Harmful Effects to System)

Parameter 21(Information Flow)

Parameter 26 (Adaptability /Versatility)

ity of demand, their prices can be adjusted slightly

5.Preferential

Parameter 9 (System Effectiveness)

Parameter 30 (Customer Stability)

example, their prices can be significantly adjusted

fluctuation

updates

activity
6.Deferential

or there are no changes in the prices in that case.

pricing

4.3.2 Conflict Point Two: Price increase
4.3 The Principles of invention used to find out the
Parameter 9 and 31 and their corresponding princifactors that influence book pricing
In this section, according to the conflict points, their

ples are Principle 10, 19, 37 and 33.
Based on Principle 10 (Prior Action) and Table 2, e-book

corresponding principles and the factors that influence

price strategy 2 is spotted, i.e. brand value, the strategy

book pricing will be found out.

content, as shown in A2 below. Based on Principle 19
(Periodic Action) and Table 2, e-book price strategy 4 is

4.3.1 Conflict Point One
The first conflict point is the exchange rate fluctua-

spotted, i.e. life cycle the strategy content, as shown in
B2 below. Based on Principle 33 (Homogeneity) and Ta-

tion. Parameter 9 and 11 and the corresponding TRIZ-

ble 2, paper book strategy 2 is spotted, i.e. resale price

based principles are Principe 11, 7, 29 and 36.

maintenance system, the strategy content, as shown in

Strategy 5 for book pricing is found out with Principle

C2 below.

11 (Beforehand Cushioning), the strategy content, as

Based on Principle 10, 19 and 33, the strategies that cor-

shown in A1 below. Based on principle 7 (Nesting) and

respond to Conflict Point Two can be spotted, respec-

Table 2, e-book price strategy 3 is spotted, i.e. reader po-

tively.

sitioning, the strategy content, as shown in B1 below.

A2 If the publishing industry is raising book prices, it is

Based on principle 29 (Flows and Flexibility) and Table

advised to consolidate its brand value first. In this

2, paper price strategy 1 is spotted, i.e. demand elasticity,

way, it can be avoided that the market share de-

the strategy content, as shown in C1 below.

clines when product prices are raised.

Based on Principle 11, 7, and 29, this study can find out

B2 The bookseller can raise or decrease book prices to

the strategies that correspond to Conflict Point One (Ex-

avoid the situation that the market share slips with

change rate fluctuation).

an increased price.
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C2 It is suggested to adopt a fixed resale price to avoid

A4 The sold books are of brand value. As long as the

horizontal competition. In this way, a considerable

quality of the books is ensured, readers will be will-

profit space is reserved for downstream bookstores

ing to purchase serial books and the like.

and a friendly and cooperative win-win relationship

B4 The clearance books can be sold with a penetration
price.

can be achieved.
4.3.3 Conflict Point 3: Speed of version updates

4.3.5 Conflict Point Five: Preferential activity

Parameter 5 and 31 and the corresponding principles are 5, 15, 34, and 24.
Based on Principle 5 (Merging) and Table 2, book

Parameter 21 and 26, and the corresponding principles include 18, 38, 12 and 14.
Based on Principle 18(Resonance) and Table 2, the fifth

price strategy 4 is spotted, i.e. psychological pricing, the

paper pricing strategy is spotted, i.e. competitor pricing,

strategy content, as shown in A3 below. Based on Princi-

the strategy content, as shown in A5 below.

ple 15 (Dynamization) and Table 2, e-book price strategy

A5 New books are priced at the same level as the com-

1 is spotted, i.e. Long tail theory, the strategy content, as

petitor when they are newly issued products. In this

shown in B3 below.

way, a price war can be avoided. Instead, other non-

With Principle 5 and 15, this study can find out the

price competitions will be adopted to attract con-

following strategies for the conflict of the speed of version updates.

sumers.
4.3.6 Conflict Point Six: Deferential pricing

A3 Different speeds of updates are adopted for differParameter 9 and 30 and their corresponding princi-

ent categories of books.
B3 Long Tail Theory can be used to avoid selling di-

ples are Principle 12, 27, 34 and 24.

lemmas caused by low version updates. Through

Based on Principle 12 (Remove Tension) and Table 2,

bundling and a custom pricing strategy, the profit

paper book price strategy 5 is spotted, i.e. competitor

will continue to be made in the late phase of sales.

pricing, the strategy content, as shown in A6 below.

4.3.4 Conflict Point Four: Penetration price

A6 The same pricing strategy is formulated with others
in the industry when new books are issued. In this

Parameter 31 and 24 and their corresponding princi-

way, consumers will be less likely to feel unfair.

ples are Principle 35, 10, 37 and 24.

Base on e-books and paper books, we categorize the

Based on Principle 10 (Prior Action) and Table 2, e-book

book price innovation strategies, as shown in the follow-

price strategy 2 is spotted, i.e. brand value the strategy

ing Table 6:

content, as shown in A4 below. Based on Principle 37
Table 6 Book price innovation strategies

(Relative Change) and Table 2, e-book strategy 1 is spotted, i.e. Long tail theory the strategy content, as shown in
B4 below.
With Principle 10 and 37, the researchers find out the
strategies that correspond to Penetration Price.
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the economics and business management, on the one
5. Conclusion and Future research directions
Through literature review, this study first finds out
the five pricing models for e-books, namely long tail the-

hand, expand the development of economics in innovation theory, on the other hand, expand the application of
business management TRIZ to the field of economics.

ory, brand value, reader positioning, production life cycle
and free pricing, and the five pricing models for paper
books, i.e. demand elasticity, resale price maintenance
system, production cost, psychological pricing and com-

6. Reference
1.

Altshuller, G. (1994). And suddenly the inventor ap-

petitor pricing. Secondly, the ten book pricing strategies

peared: TRIZ, the theory of inventive problem solv-

are mapped to the 40 TRIZ-based invention principles

ing. Worcester, Massachusetts: Technical Innovation

for business management. In this way, each book pricing

Center.

model consists of one to several inventive principles. For

2.

Altshuller, G. (1999). The innovation algorithm:

example, the long tail pricing theory for e-books consists

TRIZ, systematic innovation and technical creativ-

of Principle 14 Non-linearity, Principle 15 Dynamiza-

ity. Technical innovation center, Inc..

tion, Principle 20 Action Continuity, Principle 28 Re-

3.

Dolan, R J. and Simon, H. (1996), Power Pricing:

placement, and Principle 37 Relative change. Thirdly,the

How Managing Price Transforms the Bottom Line,

TRIZ approach to business management is used to draw

Free Press: New York.

up a book pricing strategy. Six pricing conflict points are

4.

for Business and Management, Lazarus Press.

spotted based on the book Pricing Bible by Dolan and Simon (1996), namely exchange rate fluctuations, market

Mann, D. (2004), Hands-On Systematic Innovation

5.

Parker, P. M. (1992). Price elasticity dynamicsover

share, the speed of version updates, penetration prices,

the adoption life cycle. Journal of Marketing Re-

preferential activities, and differential pricing. With these

search, 29(3), 358-367.

six pricing conflict points, appropriate and innovative

6.

Sheu D. Daniel (2017) Triz Business Management
Innovation [Part 1], Hsinchu.

pricing strategies are found out. The strategies can be
used as the basis of book pricing for the publishing industry to maximize the niche in the competitive market.
This article combines economics and innovation to ex-

Author Biographies

plore the issue of book pricing. Pricing has always been
the core issue of economics. This paper finds out the

Su-Chen Huang is an assistant pro-

contradictions from the general problems of pricing, and

fessor in the Department of Interna-

then narrows it to the problems of book pricing. From ta-

tional Trade at Overseas Chinese

ble 6 there are some contractions that do not find the ap-

University. She specializes in Eco-

propriate innovative pricing strategies, so the next study

nomics, game theory, industry analy-

can be based on this article, in-depth use of more busi-

sis, economic tools innovation, and

ness management TRIZ tools to find out these solutions.

TRIZ research.

Moreover, the same research methods can also be used to
discuss the pricing of different commodities. It is expected that this paper should open up more research on

54

10.6977/IJoSI.202003_6(1).0005
Z. Yu, Z. Zhang / Int. J. Systematic Innovation, 6(1), 55-70(2020)

Development of Online Collaboration Tools (OCT) for Collaborative Innovation Design
Zhao Yu, Zhinan Zhang*
Shanghai Jiao Tong University
*Corresponding author, E-mail: zhinanz@sjtu.edu.cn
(Received 25 July 2019; final version received 9 March 2020)

Abstract

With the development of information technology and systematic innovation theory, the innovative design of
products and service is no longer confined to individuals or one team. There are more and more cross-regional and
multi-disciplinary collaborative design integrate the time, human and other resources to promote more innovation
activities. However, there is still a lack of systematic and effective tools to cover the whole process of collaborative
design activities. To address this gap, we provide a case example to solve this problem of using online collaboration
tools (OCT) in collaborative design context, and further illustrate some implications through the systematic innovation
perspective. In the present paper, we discuss how the adoption of online collaboration tools has influenced the collaborative design activities based on the IDEEA drone design workshop. Discuss the impact of online collaboration tools
on the participants' learning and collaboration effect in the distributed systems. Online collaboration tools can be used
to access knowledge that originates from external as well as internal sources, but it seems that online tools increase
the visibility and accessibility of internal expertise and therefore the use of internal knowledge. The main contributions
of this paper include:1) Our research revealed that the online collaboration tools can promote innovative design of
multi-disciplinary and innovation design. The design tasks of the workshop are completed by each team with almost
no traditional offline collaboration. 2) The implementation of collaborative design is divided into five types according
to the design thinking process: empathize, define, ideate, prototype and test. Analyzing the attributes of different collaboration tools in the process of innovative design. 3) Discuss from the project what kind of technical methods and
tools are suitable for the specific collaborative design system. Provide guidance for future collaborative design activities.
Keywords: Collaborative Design; Systematic Innovation; Computer-aided problem solving; Online Collaborative
Tools.
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contact. The entertainment functions which unrelated to
1.

Introduction
With the rapid development of cloud storage and

collaboration work will distract the attention of team
members, and reducing the collaboration effect.
Through online collaboration tools, people can im-

mobile Internet, the way people work and learn is undergoing tremendous changes. It has become an accessible

prove the way of information exchange, reduce the space

reality to use personal computers, smartphones, tablets

barriers, save time and energy, and improving the quality

and other devices to carry out online collaborative work

of group works. It will gradually become an important

or learning in teams anytime and anywhere. Online col-

tool of innovative work and solve many problems in the

laboration tools developed in recent years have chal-

process of people's office work or learning, such as pro-

lenged traditional office tools. The new appliances are

cess log, task assignment, delegation, administration,

widely used and make modern office working pattern

online communication and so on. Online collaboration

move into new age. It makes up for the shortcomings of

tools play an increasingly important role in business and

traditional online communication tools and document ed-

collaboration work recently. And there are a variety of

iting software in collaborative work, mobile storage and

online collaboration tools for team collaboration showed

other aspects. More and more people have realized its in-

up while they have many limitations for different rea-

creasing importance from the need of social develop-

sons. Unlike the business activities, the innovative design

ment.

involves more divergent thinking and design thinking.

Collaboration refers to the coordination of re-

This paper will argue that whether the collaborative tools

sources, technology and information between depart-

can really assist the process of innovative design and

ments and individuals in the process of achieving a cer-

help people from different disciplines to communicate

tain goal. People need a certain place (office or class-

effectively in collaborative design? We explore the de-

room) where they can gather to realize face-to-face com-

velopment and characteristics of online collaboration

munication among members before the Internet and

tools around the innovative design. Discussing the im-

smartphones. If they want to cooperate in different

pact of online collaboration tools (OCT) on distributed

places, they need to use telephone, letter, fax and other

participants' course learning and project collaboration.

inefficient communication tools. Whether face-to-face or

The research could provide support for future design

in different places, traditional methods are difficult to

learning and practice from the analysis of case study and

achieve synchronization and real-time collaboration. The

discuss what kind of tools to implement specific collabo-

inefficient way of information transmission cost a lot of

rative design system.

time and energy while the team can’t achieve the desired
goals many times. With the advent of the information

2.

Related work

age, people began to use some social software such as
Email, BBS, Blog, IM, Wiki for collaborative work and

2.1 Innovative Design Methods

learning. These online tools shorten the distance between
The innovative design methods mainly focus on the

people. But this kind of social software is not developed
for people to work and learn together. Like there are

innovative and application method and the to the engi-

some online collaboration functions are integrated Face-

neering project while now there is no systematic innova-

book and WeChat, but they are mainly focus on social

tive design theory and method. Some interdisciplinary
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methods, such as TRIZ and design thinking, are used to

thinking experts and a frustrated design research commu-

guide innovative design. Under the guidance of innova-

nity (Dorst, 2011). More attention is paid nowadays to

tive design, different professionals work together to com-

Design thinking by Tim Brown and the Stanford Design

plete the design of industrial products or services. Inno-

School. They let a large companies and businesses adopt

vative design methods lead people to develop their pro-

design thinking to solve their complex problems in inno-

fessional knowledge and constructing the framework of

vative ways (Brown, 2008). As a result of the link be-

innovative design for carrying out innovative practice.

tween design thinking and business innovation, many

In the theory of innovation, TRIZ is a series of solv-

countries are investing in education that integrates design

ing principles of patent problems for invention put for-

thinking processes, skills and mindsets across curricula,

ward by Altschuller, a former Soviet scientist. TRIZ is

uniting the academic and vocational (Koh & Chai, 2015).

the acronym for the Russian phrase, “Teoriya, Resh-

Consequently, design thinking is increasingly regarded as

eniya, Izobreatatelskikh, Zadatch”, roughly translated

an avenue to develop 21st century student capabilities,

into English as "Theory of Inventive Problem Solving"

equipping them with the tools to effectively address the

(Sheu and Hou, 2015). Its core lies in organizing and

ever-evolving challenges facing global society in the fu-

managing patent knowledge through technical contradic-

ture (Wright &Wrigley, 2017). An individual’s design

tions to facilitate its reuse in the process of product inno-

thinking capability is best acquired through practice, ap-

vation and design. TRIZ solves how to give reference an-

plication and experience (Howard, 2012). Expanded

swers according to the problems and provide ideas and

from Dreyfus’s (2004) general model of expertise, Dorst

cases to solve technology conflicts. Since the early 1990s,

represents different ways of design thinking through

TRIZ theory has attracted extensive attention of

seven levels of design expertise or practice, with each

researchers in developed countries. Ang improved the

level having its own method, critical skill set and mode

standard engineering parameters and inventive principles

of reflection (Dorst, 2011). Facilitation of design think-

of TRIZ, updated the contradiction matrix, and supported

ing has gained traction in recent years particularly

designers better to solve conflict problems (Ang et al,

through industry workshops, with many facilitators being

2013). Zhang improved the ARIZ algorithm of TRIZthe-

from a non-design trained background. As such, the

ory and proposed the RLI model based on Germany's

value of design thinking in practice and academia can be

WOIS theory, PI theory and MIS theory (Zhang, 2013).

diluted by those who have minimal design understanding

Song-Kyoo replaces TRIZ's material-field model with

and expertise. As suggested by Yilmaz and Daly (2016),

queuing theory model in order to improve the efficiency

the success of instruction relies partly upon the facilita-

of problem analysis (Kim, 2011). Chang focus on solving

tor’s ability to provide guidance and feedback on design

the problem of Ecological Innovation in product design

paths and processes, in order to facilitate a practice

by material-field analysis (Chang, 2005). Yan provided a

where students can learn strategies to fully explore and

simple way to master and use the standard solutions (Yan

define problems. It is a systematized process to create

et al, 2012).

new user experiences and opportunities by utilizing the

Another theory of innovative design is Design

tools and a thinking process that designers use. It’s a sig-

Thinking. The concept of ‘Design Thinking’ was first in-

nificant way of problem-solving, rather than just coloring

troduced by Rowe in 1987, but has been over- simplified

a product.

in many industry realms, leaving behind a trail ofdesign
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collaboration, designers in practice come together and
2.2 Cooperative Design Tools and Methods
Online collaboration tools can assist learning and

conduct problem-solving activities in a project room
(Brown, 2009).
Recently, the field of computer science has

practical projects both. In recent years, there are many
studies on the learning performance for online tools,

acknowledged the idea that findings from the domains of

while the research about practical projects application are

psychology and sociology matter to the design of group

also beginning to increase. Collaboration and product in-

systems. The design of group systems that support Com-

novation using network platform have become a hotspot.

puter Supported Collaborative Learning and Working in-

More and more designers, researchers and individuals

tegrates knowledge of how people work and learn in

join in product innovation (Frank, 2009). “Wikinomics”

groups with knowledge of enabling technologies

discusses that the large-scale collaboration design can

(Schümmer & Lukosch, 2007). This had led to several

change the world. The book argues that the traditional

requirements for task-related functionality, such as facili-

concept of innovation usually refers to innovation in a

ties for communication, file-sharing, calendaring and

closed environment and trying to commercialize it. To-

scheduling. However, there are other, often less-obvious

day's online collaboration allows small companies or

requirements (Vick, 1998). These relate to the support of

groups to acquire the resources and knowledge they need

psychological and social processes, which impact group

as large companies without paying a lot.

cohesion and team performance, such as group dynamics

To discuss appropriate online tools for design col-

and people’s perceptions of each other. These processes

laboration, we need to understand the characteristics of

have traditionally been studied in social sciences. Asthey

design problems and design activities. The synchronous

are essential corner stones for team performance and in-

collaboration is necessary for innovation design like a

teraction, they are thus also relevant for team perfor-

face-to-face collaboration. Collaborators can directly see

mance in mediated environments. Indeed, according to

each other and obtain rapid feedback. Moreover, there is

Ackerman (2000), the main problem in group systems

access to a shared physical environment, which means

nowadays is the discrepancy between the social needs

that other types of visible information are available, such

and expectations of the user and the computer system

as shared information about physical objects and events

functionality.

(Whittaker, 2002). Olson also addressed one of key characteristics of face-to-face collaboration, called “spatiality
of reference.” “Spatiality of reference” indicates that
“people and work objects are located in space” (Olson,
2000), and as a result, collaborators can communicate
with each other by referencing objects in the shared envi-

3. Conceptual Framework
The research chooses the Design Thinking for the
online workshop’s learning materials and design method.
3.1 Design thinking

ronment. Given the importance of communication based
on visual representations (e.g., visual images and hand-

3.1.1 Definition of Design thinking
Tim Brown, the CEO of IDEO, said, “Design think-

drawn sketches) for design problem-solving, a shared
physical environment in face-to-face collaboration plays

ing is a human-centered approach to innovation that

a critical role, especially for visual communication

draws from the designer’s toolkit to integrate the needs

among designers. Because of the merits of face-to-face
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of people, the possibilities of technology, and the requirements for business success.” (Brown, 2008).
Design thinking is a design concept which focuses
on a product that can truly integrate into user’s life and
be relied on by understanding their internal mental
model, the environment, and observing the userbehavior.
Design Thinking is a solution-based design method to
solve problems. This method is extremely useful for
solving undefined or unknown problems. It mainly involves the following means: understanding the human

3.1.2 Design thinking process
TRIZ method is an important method of innovative
design, but the design thinking method is used in this paper and case. Therefore, the specific process of TRIZ is
not described. There are five phase or stages for design
thinking process. Understanding the five stages of design
thinking will enable anyone to use design thinking methods and solve complex problems around us - in our companies, in our countries and even on our planet (Dreyfus,
2004).

needs, re-deconstructing the problem in the human-centered approach, creating more ideas in brainstorming,
and applying practical methods in prototyping and testing. Design thinking has developed into an innovation
design model which for learning and practice. It focuses
on the creativity of the professionals from different majors, from different perspectives rather than the creativity
of designers, and generates an innovative idea, product
or service. Design thinking refers to the use of designers'
sensitivity and design methods to meet people's needs on
the premise of technical realizability and commercial

Herbert Simon, the Nobel Prize winner, outlined the
first formal models of the process of design thinking in
his pioneering 1969 article on design methodology. Simon's model consists of seven main stages, each of them
contains smaller stages and activities (Howard, 2012). It
has a great influence on shaping some of the most widely
used design thinking process models. And there are many
variations in the design thinking process used today. Although they may vary in number from three to seven
stages, they are all based on the same principles in Simon's 1969 model.

feasibility (Sheu and Chiu, 2016). Which explores the
Designers' three starting points of thinking: Desirability,
Feasibility and Viability. This is the same standards with
the "three core" concept of design education in Dutch
Delft University, which is "people", "commerce" and
"science and technology".

According to D. school's research, the five stages of
design thinking are as follows: empathize, define, ideate,
prototype; and test. In the thinking model, constant divergence and convergence in the process are adopted until the end for practical use (Sheu and Hou, 2015). The
five design thinking stages for our innovative design are
shown in Figure 1.

Fig. 1 The five stages of Design Thinking method
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(1) Empathize

human-centered approach. With this background, the

The first stage of the design thinking process is to

team members can start thinking outside the box, find

gain a sympathetic understanding of the problem you are

new solutions to the problem, and they can start looking

trying to solve.

for alternative ways to solve the problems (Sheu, Hong

This stage involves consulting experts, observing,

and Ho, 2017).

participating, understanding users' experiences and moti-

Brainstorming is often used to stimulate divergent

vations, and immersing oneself in a physical environ-

thinking and expand problem space. It is important to get

ment to gain a deeper understanding of the issues. Empa-

as many ideas or problem solutions as possible at the be-

thize is very important for human-centered design pro-

ginning of the Ideate stage. At the end of this stage,

cess such as design thinking. Empathize allows a de-

members should choose other critical methods to help

signer to put aside his or her own assumptions about the

them investigate and test the ideas to find the best way to

world in order to gain a deeper understanding of users

solve the problem.
(4) Prototype

and their needs (Wright and Wrigley, 2017).

The design team will now create a Low Fidelity

A large amount of information is collected at this
stage so that it can be used in the next stages. Research-

Model which have a part of functions in products so that

ers can form the best understanding of users' needs and

they can test the solutions to problems identified in the

the problems behind the specific product development.

previous stage. Prototypes can be shared and tested

(2) Define

among a small group of people outside the team. This is

In this stage, designers can aggregate the infor-

an experimental phase to find the best solution for each

mation created and collected during the empathize stage.

problem found in the first three phases (Brown, 2009).

Then the team identify the core issues according to the

These solutions are hided in the prototype and

observations and synthesize the information. The mem-

tested one by one: they may be accepted, optimized and

bers should try to define problems in a "human-centered

re-tested, and rejected if the experience is not good. By

" way. Specifically, don't define the problem as their own

the end of this stage, the team will have a better under-

desire or the needs of the team (Brown, 2009).

standing of the limitations and problems in the product,

Defining the problem will help designers team
gather great ideas to identify features, functions, and any

as well as the behavior, ideas and feelings of real users
when interacting with the product.

other elements that can help users solve problems. Let

(5) Test

users solve problems themselves with minimal difficulty

Designers or evaluators use the final solutions iden-

at least. In this stage, by proposing problems that can

tified at the prototype stage to test the entire product.

help you find solutions, you will begin to graduallymove

This is the last stage of the five-stage model while but in

into the third stage, the ideate stage.

the iteration process, the results of the test stage are often

(3) Ideate

used to redefine one or more problems and inform users

In the third stage of the design thinking process, de-

of their cognition, usage conditions, way of thinking, be-

signers are ready to start generating ideas. The members

havior and feelings. Even at this stage, changes and im-

have understood their users and needs in the first stage,

provements are ongoing to get the best solution and to

and members have analyzed and synthesized their obser-

get as much insight into the product and its users as pos-

vations in the define stage, presenting the problem with a

sible (Brown, 2009).
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3.1.3 The key points of "design thinking"
(1) Visualization and prototype: Designers use mind
mapping, design sketch or prototype to visualize their ab-

which runs in a logical way. However, the process is
more flexible and non-linear.
3.1.4 Summary

stract thinking to seek new ideas. Visualization and prototype enable designers to convey ideas faster than words.
(2) Iteration: Repeated the update-test-feedback-update process in the design process. Try to make the prototype better and better.
(3) Interdisciplinary: Design thinking emphasizes

Essentially, the process of design thinking is iterative and flexible, focusing on collaboration between designers and users, focusing on turning ideas into reality
according to the thinking, feelings and behaviors of users. Design thinking solves complex problems through
the following methods:

cooperation by people from different majors. In IDEO, a
design team usually consists of three or five people, who

(1)
involved;

come from various fields such as economics, business,
psychology, engineering, design and even medicine.

(2)

(3)

Ideate: create many ideas in the creative

stage;

and discuss from different perspectives could form a
more comprehensive view and creativity.

Define: reorganize and redefine issues ina

human-centered approach;

They choose different relevant professionals accordingto
the project need. People from different majors observe

Empathize: understand the needs of the users

(4)

Prototype: develop prototype/solution of

problems;

(4) Divergence and convergence: The contradiction

(5)

concepts, divergence and convergence, exist at every

Test: constantly test the prototypes.

One of the main advantages of the five-stage model

stage of the design process. First, designers convergethe

is that the knowledge acquired later can be fed back to

divergent thinking to continue the design process. Sec-

the early stage. Information is constantly used to inform

ond, the divergence of creativity needs the constraints of

understanding of problems and solutions. This creates a

technology and commerce. Only when these two contra-

permanent cycle in which designers always gain new in-

dictions are reconciled can the innovation design suc-

sights, create new ways of looking and possible uses, de-

ceed.

velop a better understanding of users and the problems

More attention should be paid to users themselves

they face.

and their environment rather than their behavior. Designers devote too much energy to thinking about how to

3.2 Online collaboration tools
The most common conception of design problems is

make the product useful or beautiful and interesting.
More and more companies begin to pay attention to the

to consider them as “ill-structured” problems (Dé-

appearance, interface and operation experience of prod-

tienne,2006). Initially, there is no definite criterion to test

ucts. It is vital to consider "who will use it", "why they

a proposed solution, much less a specific process to ap-

use it", "when and where to use".

ply the criterion to (Herbert, 1973). To solve this type of

(5) The Nonlinearity of Design Thought: Theteam
may have a direct and linear design thinking process,

problem, designers collaboratively conduct their process
with rapid explorations of the problem and solutions in
tandem, rather than following linear stages (Andrew,
2010). Accordingly, design activities for the problem and
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solution (e.g., information gathering, analyzing, idea

function based on interacting with others and shared re-

generating, and evaluating) are also performed in parallel

sources (graphics, documents and 3D models) in the

and iteratively. Due to the interrelations of activities, de-

group. Its application scenarios are divided into four as-

sign problems are difficult to decompose into independ-

pects: communication session, resource sharing, process

ent sub-problems (Olson, 2000). For this reason, design-

participation and model making according to the five

ers work closely together during the whole process rather

steps of design thinking. We analyzed the common

than working independently and combining the out-

online collaboration tools to explore how online collabo-

comes. According to the standard of synchronous collab-

ration tools can be applied to innovative design. The fig-

oration, we divided the online collaboration tools into the

ure 2 shows the match between online collaboration tools
and design thinking process.

Fig. 2 The useful functions of online collaboration tools to Design Thinking process
Three major software company, Microsoft, Google

Trello, ZOHO, Quip, Show-Document and so on. These

and Apple, have launched their own online collaborative

collaboration tools are more lightweight and focused on

work platforms. The Office, Google Docs and iCloud all

one kind of work. The online tools should be easily up-

use cloud technology, which can create, edit, store, syn-

load, download and edit the common document, know

chronize and share files online anytime, anywhere on dif-

when and where members doing for their task. We test

ferent devices. People can cooperate with others to edit

the online collaboration tools for our workshop to see the

documents. These three platforms are undoubtedly the

functions of these software. Many online collaboration

most powerful in terms of function. But for various rea-

tools have the potential to be applied to innovative de-

sons, they also have great limitations. For example, the

sign. We need test them by the workshop to figure out

high cost of Office 365 makes it difficult for ordinary us-

their specific functions and application scenarios.

ers to bear. The Google Docs is limited by policy, and it
is difficult to use it in some place. And iCloud is also difficult to promote in a wide range due to Apple's relatively closed hardware and software environment. In ad-

4. A Case Example
4.1 Case Background

dition, many Internet companies have developed their
own online collaboration tools. In recent years, several

This instructional program is designed to support
the IDEEA global project for 2019 in collaborative de-

excellent collaboration tools have emerged, such as Dow
Cloud, JingOal, Shimo, Teambition, Worktile, Zoom,
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sign and engineering. The program instructional method-

but only if one applies it diligently and thoroughly. For

ology will be to deliver at least one sequential instruc-

the mentors to know if the process and work is actually

tional video each week during the program 10-week pe-

done, students must document all their work diligently.

riod. Each video will be delivered via both a dedicated

The whole collaboration design process is online except

IDEEA website and a YouTube Channel that can be

the two students from same school can work together.

viewed at any place in the world at any time as many
times as desired if Internet access is available. The vid-

4.3 Procedure and Tasks
Student project teams and mentors will be intro-

eos directly on the website and the same unlisted videos
with YouTube URL links will be provided so that only
the IDEEA participants can view them. It is intended that
each participating IDEEA student team and mentors will
view each video in sequence and apply the content to
their project design and development as needed. The
website and videos are designed to assist all the participating IDEEA project teams in Design Thinking and
product design and development process, principles,
skills and tools. The whole process will be online teaching and design without face-to-face communication.

duced to the art, process and practice of physical cyber
product design and to the product design process via Design Thinking. Student teams, with guidance and support
from their mentors, will each research, develop and
mockup a new physical smart cyber product design concept that resolves a human-centered need as a program
project within fixed category parameters based on a design brief. All students will learn and execute required
Design Thinking empathic research, project definition,
brainstorming ideation with sketching, making with
mockups and CAD modeling, and testing with design

4.2 Participants
There is a collaborative global teamwork on this

simulations. Students will work as project teams on their
project with outside collaborative support teams as

project with student teams, guided by a team faculty

needed. Basic instruction via videos will be provided for

mentor, that will develop, build and simulate a final

required program processes, methodologies and skills. A

drone concept. Individual team members will also de-

final project and mockup presentation will be required

velop and document their own project work appropri-

for each student project during a final program event in

ately. Each team will divide the project work up among

the summer of 2019. Modern physical smart cyber prod-

the team members for developing the final integrated de-

uct design is multidisciplinary and collaborative, inte-

sign concept.

grating designers, engineers, various professionals, cus-

The students were divided into 20 groups and there

tomers, users, and stakeholders, all from various disci-

were 6 to 8 members in each project team, 2 from the

plines, as well as the integration of smart cyber technolo-

same school of 4 global universities. Each team member

gies into physical systems. This program will reflect that

will have specific tasks for the project development as

approach and will enhance students’ collaborative team-

well as general overall design input responsibility. Each

work experience, communication skills, and exposure to

student will be expected to do design research and docu-

the various disciplines. This is a hands-on program that

ment it, do brainstorming and idea-sketching and docu-

mixes video tutorials, experiential learning, field project

ment it, do mockup making and CAD modeling and doc-

research and execution work, and collaborative team-

ument it, and do user testing and validation and docu-

work. Student teams will conduct a mentor-guided pro-

ment it. The Design Thinking process works very well,
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ject that will include human need-finding, design re-

sketches of concepts, ideas, processes, charts, diagrams,

search, project definition, concept ideation,

graphs, etc., based on research findings of issues and

mockups/simulations/modeling, testing and validation,

needs in the Project Design Brief.
(4) Prototype: Concept simulation via mockups and

and refinement of a final tangible physical smart cyber
product system concept in mockup form. There will be a

CAD models-multiple ideas and concepts in physical and

final presentation and display of student project team

digital 3D for possible solutions to overall design, mod-

concepts, mockups, models, and process summary.

ules, subassemblies, problems and needs.
(5) Test: Concept testing and validation-testing and

This project will follow the standard Design Thinking process of five modes or phases in stepped linear se-

validation of concepts and ideas using low-fidelity and

quence, though several modes may be either utilized at

high-fidelity mockups and CAD models with users and

one time or revisited more than once for proper project

relevant stakeholders and situations to get responses,

execution. Instruction for each project process

feedback and critique for the selection of best concepts

mode/phase, as well as the associated skills and materi-

for a final version.
(6) Presentation: Final refinement and presentation-

als, will be provided to the teams online.
(1) Research: Intuitional/Contextual/Discoveryem-

combination/synthesis/integration of best ideas and con-

pathic research-includes notes, images, media, video,

cepts based on testing research and finalization of design

sketches, interviews, etc., of real drones and drone situa-

solution in 2D media and 3D concept form in mockup

tions, existing drones, components, users andcustomers,

and CAD model. Preparation of final team design solu-

related issues, and data, all researched and developed by

tions and presentation of research, ideas, sketching,

the student team.

mockups, models, process and design/solution results

(2) Define: Team project design a one-pageproject

during a summer 2019 all-team IDEEA event TBA. Ta-

design brief written by the project team thatsummarizes

ble 1 is a general summary of the above tasks. Partici-

their research and found needs, and defines their direc-

pants at each stage need to collaborate to complete the

tion for their project development and target solution.

following tasks online all the time.

(3) Ideate: Concept ideation and Innovation-includes team brainstorming of ideas and basic 2D idea-
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Table 1 The tasks of innovation design at each stage
Tasks

Context Re-

of stage

search

Empathize

Definition

Interviews

Overall docu-

Ideation

Prototype

Application

Low-fidelity

idea-

mockups for

sketches

early testing

Testing

General attributes

Task 1

&considera-

development

ment design

tions
Existing design & fea-

Task 2

Personas de-

Heading&

Component

summary state-

idea-

ment

sketches

Early low-Fidelity

components

mockup testing

Controls
Technologies

Surveys de-

Key points/bul-

available

velopment

lets

Observational

Editing, gram-

Module

research de-

mar, terminol-

idea-

velopment

ogy

sketches

idea-

Task 3

Task 4

sketches

Applications
possible

ordination

CAD model of

velopment
tures

Testing setup & co-

Final
CAD model of
overall design

mockup/model testing

CAD model of

Data presentation

structure

& analysis

online collaboration tools throughout the whole design

4.4 Analysis
After the IDEEA’s innovation design, we choose the

process. The background information about the team

Team 13 for a survey which include a questionnaire about

members shows them is composed of typical multidisci-

the usability evaluation for the online collaboration tools

plinary members with different majors and nationalities,

they use and an in-depth interview. They basically use the

as shown in Table 2.

Table 2 Background information of Team 13 members
Numbers

Region

Major

Online tools level

Design level

Member 1

Germany

Engineering

Skilled

Skilled

Member 2

Germany

Engineering

Ordinary

Skilled

Member 3

Brazil

Art

Skilled

Skilled

Member 4

Brazil

Engineering

Skilled

Ordinary

Member 5

China

Engineering

Ordinary

Ordinary

Member 6

China

Engineering

Ordinary

Ordinary

Member 7

China

Art

Skilled

Skilled

Member 8

China

Business

Skilled

Ordinary
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After the IDEEA’s innovation design, we choose

with the same cultural background. They basically use

the Team 13 for a survey which include a questionnaire

the online collaboration tools throughout the whole de-

about the usability evaluation for the onlinecollaboration

sign process. The background information about the

tools they use and an in-depth interview. The design pro-

team members shows them is composed of typical multi-

cess of group 13 is relatively successful while the team

disciplinary members with different majors and national-

were composed of students from different cultural back-

ities, as shown in Table 3.

grounds. Unlike some groups have high percentstudents
Table 3 Outline of the IDEEA workshop, April 2019
Schedule

Activities

Online tools

Functions used
Real-time editing,

Week 01

Introduction and Over-

Breaking

view,

the ice

Select topic

Skype,

Sharing files,

WeChat

Real-time communication,

Week 02

Contextual and Discov-

Trello, Team-

Empathize

ery Research

bition

Sharing files assigning
tasks, Saving dialogues,
Progress tracking

Week 03-

Divergent & Convergent

Identify needs, DefiniSkype, Shimo

04
Definition

Document classification

Week 05-

Brainstorming, Sketch-

06

ing,

Ideation

Ideation report

PowerPoint,

Sketch, Visualization

ProcessOn

Uploading files

Week 0708
Prototype

thinking,

tion report

Rapid prototypes,
Mockup making, CAD

Fusion 360

modeling, Refinements

Easy learning,
Cloud storage,

Week 09

Execute testing, Valida-

Fusion 360,

Testing

tion

Skype

Communication,
Field research, Personalization

Week 10
Presenta-

Setting permissions,
Deliver presentations

Zoom, Skype

tion

Speech, Video Conferencing
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This paper mainly focuses on the efficiency of

tools they use. The checklist was based on Jakob Niel-

online collaboration and the advantages and disad-

sen’s traditional usability heuristics and to suggest usa-

vantages of collaboration tools, providing methods and

bility areas that need more investigation (Norman and

tool references for future online collaboration. This kind

Nielsen, 2010). Participants evaluated five usability indi-

of collaboration among students from different regions

cators of each software, and 1-5 points represented the

and backgrounds is a potential innovative design form in

degree of poor to excellent. Figure 3 shows the average

the future. So, we choose five usability items from the

values of 8 participants' usability evaluation for 6 online

research. There are five usability evaluation items for the

collaboration tools.

team members’ questionnaire for the online collaboration

Fig. 3 The Mean of Usability Evaluation for the online collaboration tools
From the data analysis in Table 4, Skype and

addition, Zoom is a software that only suitable for giving

WeChat have a better overall usability performance.

speeches or meeting without saving records. Surpris-

Trello is also quite concise, but it focuses on text work

ingly, professional teamwork software such as Teambi-

makes someone unsuitable for innovative design. For ex-

tion has been abandoned after trying it out. Maybe its

ample, some people mentioned that uploading files is too

functions are too complex and redundant.

limited and they cannot have real-time conversations. In
Table 4 Usability Evaluation for the online collaboration tools
Skype

Teambition

Trello

Fusion 360

Zoom

WeChat

Learnability

4.5

3.4

3.8

2.9

4.1

4

Efficiency

4.3

3.2

4.5

2.3

4.2

3.4

Memorability

3.4

3.5

4.3

3.7

2.6

4.6

Error

2.5

4.2

4.5

4

3.2

2.3

Satisfaction

4

2

2.3

2.7

3.6

3.9
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5.

For the online collaborative tools for innovative de-

Conclusion

sign, design activities need divergent thinking and multiOur research revealed that the online collaboration

dimensional interaction. Designers need to share re-

tools may promote innovative design of multi-discipli-

sources such as text, pictures, voice and video. Online

nary members, though it is not evident that online collab-

tools should be able to upload and save these resources.

orative tools promote innovation, probably it promotes

Secondly, the design thinking process often needs to tract

process efficiency – in terms of cost and time reduction.

back to the previous process. It is very important to keep

The implication of the study is that the design tasks of

and classify the records. Designers need the multi-equip-

the workshop are completed by each team with almostno

ment communication to support people to communicate

traditional offline collaboration with good performance.

anytime, anywhere. And people may use different lan-

It is feasible for people in different areas to collaborate

guages and need images instead of words for information

and complete design activity online. On the one hand,

design so that everyone can understand them. In addi-

this case experience can be extended to other kind of col-

tion, in collaborative design or collaborative learning, it

laborative work. Online collaboration tools allow more

is necessary to add a managerial role in job interviews.

resources to be integrated, and promote the development

There were some members avoid responsibilities and

of collaborative design for other work like Medicine or

work because of no statistics of their workload in the

Industry work. On the other hand, through the usability

online collaboration tools. Joining managers or showing

evaluation and interview for the members, we can im-

the amount of work each person has accomplished can

prove the functions of online collaboration tools to make

urge everyone to contribute the team and promote the ef-

it more suitable for collaboration design rather than just

ficiency. In the future study, we should consider these

for commercial collaboration. In order to increase the

problem and try to make the research more convinced.

online collaboration tools contribution to innovation design, some suggestions are proposed based on the analyzed results of interview and evaluation.
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Abstract
Along with the change in the industrial environment and the rivalry among international marketing, many enterprises have been research to modify business model in order to compete with others. Outsourcing is one decision model
for enterprises to focus on the main original technology into the competitive market. This research is going to study the
smartphone as:
1. To confer the decision model while planning and executing outsourcing in smartphone industry.
2. To analyze the reference factors and limited extent of production.
3. To find out the main key in succeed outsourcing tactic. Also, this research becomes aware of the partner relationship between well executing outsourcing tactic and original equipment manufacturing factories.
4. To specialize an ability of core technology will not only effect enterprises management into positive way but also
increase and keep the superiority in the competitive market.

Key words：outsourcing strategy, the ability of core technology, smart phone industry
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1.

The Purpose
As a result of keen competition in smartphone in-

dustry and production replaced frequently, brand enterprises have to put most resource into research and development new commodity and its marketing. However, this
decision brings about low income and profits without
non- core technology support if brand enterprises inspect
the cost breakdown structure. Therefore, the brand enterprises must seek the probability in cost transfer positively in order to decrease the production cost, especially
transfer non- core technology producing parts.
The producing characteristics in smartphone industry:

OEM mode in order to increase the level and expand the
coverage of professional outsourcing service; outsourcing suppliers establish high technology standard in OEM
industry for customers and clients to create the most additional value that meet “win-win situation” between
original equipment manufacturing suppliers and brand
enterprises.﹙Jeremy et al.；2008﹚Consequently, brand
enterprises try to reduce the cost and keep well cooperation relationship with outsourcing suppliers at the same
time in this particular period. They expect to promote
more effective and have lower cost by the division of labor on technical capability and specialization of outsourcing suppliers and then bring up stronger competitive capability in a competitive market. （Strange；

1. High elimination rate in technique anddifficult

2011）

in the producing process to assemble and install.
2. Keen competition, fast reaction in market and
high engineering service level.
3. Unpredictable raw materials value and highpurchasing cost.
This research focus on the trend in fast growth
smartphone industry and keen competition in consumption market that integrate the smartphone producing
characteristic by related technique of decision to investigate the process of formation and adopted policy of outsourcing in smartphone industry.
According to the market research report by IDC in

The enterprises adopt external professional suppliers to execute non- core activities. This decision promotes the operation performance in order to increase enterprises competitive advantage by concentrated source
into development of main capability. （Elmuti；2003）
Especially smartphone industry is high elimination rate
in technique, Keen competition and production replaced
frequently, so this industry need mutually supportingoutsourcing suppliers to strengthen itself competitive capability. However, outsourcing strategy is formed by enterprise future planning for production, itself competitive
capability and reference enterprise long term develop-

2014, the global outsourcing service market increases

ment planning to determine the enterprise cooperation

above 5.9% every year and be forecasted to reach 813

strategy. This research focuses on the mode how the

hundred million in 2018. Even so outsourcing is a

smartphone brand enterprises consider and execute the

method of operation to reduce the cost for enterprises; it

outsourcing strategy. Also, this research examines how

is a strong business strategy to increase the production

the smartphone industry form and plan the outsourcing

capability and production quality in order to rise above

strategy which is based on its technique ofdetermination.

competitive market and forces on main business. Out-

According to the essence of outsourcing strategy and the

sourcing is not only an important strategy in anorganiza-

key thought on determination, this research investigates

tion development tactic and a common strategic for all

how these main factors influence the smartphone indus-

（Lamminmaki；2011）but also provide maincompeti-

try in their performance and competitive advantage, and

tiveness in income, sale, and producing even more professional supporting. (Leeman and Reynolds；2012)
Therefore, outsourcing suppliers attempt to change the
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then expect to develop an appropriate outsourcing deter-

enterprises. Therefore, the enterprises must possess high

mined mode and reference for smartphone industry or re-

value and unique capability in order to keep its competi-

lated industry. The main purposes are:

tive advantage (Figure 1). Core capability integrates re-

1.

Understanding the essence of outsourcing

strategy, including the key thought on determinationto

source and abilities and increase organizational added
value.

select the outsourcing strategy.
2.

To investigate how these main factors influ-

The enterprises have to integrate whole internal resource to develop the technique capability of competitive

ence the smartphone industry in their performance and

advantage. The scholar, Hope and Hope points at that

competitive advantage.

core capability is the particular competitive advantage in

3.

Well using outsourcing strategy; to seek and

his book, “Competing in the third wave “; for example,

to cooperate appropriate outsourcing suppliers in order to

the ahead of technique, excellent operation or perfect

strengthen brand enterprises itself production competi-

customer service. By training core capability, the enter-

tive capability.

prises will be able to create the productions and service

4.

in keeping with clients’ demand in changeable competi-

To develop an appropriate planning mode of

outsourcing strategy for smartphone industry and to be-

tive market.

come the reference for smartphone industry or related industry.

2.

Low

Value

Not unique

Uniqueness

Reference

Core Competence

technology and source internal of internal departments in

Quite unique

Business
function
Corporate
Design

Physical
assets

Core competence is the concealed specialty behind
the production. This professional specialty integrates the

High

R&D

Wisdom
assets

Sustained
core
competence

Purchase

Capability

Core

competitive
advantage

Production
Cultural
assets

the company. Core competence is not only difficult to

Maketing

copy for competitor but also bring about special utility

Management

and added value, and provide the production with unique
Fig. 1

competitive advantage and services for clients that make

The structural of core capability (Hafeezand
Zhang；2002)

the enterprises to succeed and profits increasing conspicuously. According to the rising growth high technology

Outsourcing Strategy
How an enterprise running success business de-

in Taiwan, the enterprises change their composition to
global overall arrangement. If the enterprises still keep
their core capability in traditional manufacturing mode or
hold any useful and useless internal enterprises resource;
moreover, the enterprises enlighten itself the innovative
thought and excellent professional technique, then they
will be unable to confront the global impact. However,
based on “Hafeez and Zhang” in 2002, core capability is
formed by many valuable abilities which is unique and
unmatched, and it is potential success key influence for

pend on its operating strategy. And what a success enterprise executing strategy would be different result with
several factors; external and internal environment, whole
enterprise resource, and the ability how to perform the
source. Therefore, same strategy cannot be executed for
other enterprises at the same time. Many enterprises
choice the symbol learning method and reference the
strategy from success enterprises in order to reach the
goal in the short time. But then enterprises reach an impasse by conservative copy. For this reason, the purpose
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of executing strategy is forming the competitive ad-

become more concentrated and specialized on develop-

vantage in order to confront the changeable competitive

ment focus in order to respond accordingly to this new

environment with saving capacity and establish itself in

environment of Keen competition and performance

an unassailable position. However, the scholars, Tajdina

guide. Also, the enterprises begin to estimate andanalyze

and Nazari point out that the outsourcing is the depend-

if any occupational activity would provide typical com-

ence of the external resource for enterprises in 2012. The

petitive advantage and key running strategy to develop

level of dependence of external resource is the index for

that influence enterprises to invest more resource into in-

enterprise to consider an appropriate outsourcing operat-

terior or expanding outsourcing service market.

ing strategy. Therefore, based on characteristic of outsourcing and factor of consideration, the enterprises have
to consider the outsourcing strategy with three deter-

3.

The formation and determined model ofout-

sourcing strategy

mined factors; how to execute the resource in effect, how
Along with global development and keen economi-

rely on resource and the cost of business transactions.
They must invest their resource to main concentrated

cal competition, competitive pressure causes enterprises

strategic goal and bring needed external resource to

to pursue the scale economy and decreasing runningcost,

strengthen internal capability in order to have the utility

especially in smartphone industry. Based on high level

with complementary. (Arnold；2000) consequently, be-

smartphone is near market saturation, more middle and

fore the strategy improvised and purchase is formed, it

low level mobile stores try lower price marketing strat-

need to be inspected and integrate usable internal re-

egy to hold the market share. For this reason, to reduce

source and coordinated external resource in order to get

the cost is the primary goal because the smartphone in-

composite result with ineffective and cooperation.

dustry needs to confront with increasing competitive

But, along with global development, Keen compe-

pressure daily. Then, enterprises execute outsourcing

tition and enormous market demand, the enterprises not

strategy to control the cost and have flexible human re-

only seek outsourcing to reduce cost but also expend it-

source in order to decrease the cost. The concealed bene-

self relationship through external specialized suppliers or

fit of outsourcing includes cost improvement and the

producers in order to ensure and handle the clear market

core capability to well use the resource, in other words, it

position and operating strategy, and then focus on the re-

is easy to cause several situations, for example, the de-

source to develop enterprise core competitive capability.

creasing of ingenuity, the leak of knowledge and training

Now outsourcing is an important tool to seek after excel-

the competitors by over depended on outsourcing strat-

lent strategy. （Ehie；2001）The main purpose of out-

egy that is contested seriously. However, in the competi-

sourcing for enterprises is enhancing its competence by

tive market, some enterprises believe that outsourcing is

external specialized suppliers supporting, moreover, it

the answer for all questions and forget outsourcing is

will use limited resource on core activities in order to

only a strategy and a tool. All strategies come with risks.

promote the running of enterprises and increase its bene-

Without careful planning assessment, adjusted and man-

fits. In the slight profit age, the scholar, Adobor though

aged execution, it might not achieve expected result.

that managers have not only to re-examine and make a

Therefore, the enterprises have to consider its production

thorough planning in the worthful activities of chain

competitive advantage, uniqueness and the point of de-

value of enterprises but also reflect on correct strategy

velopment of business running strategy.

selections in self-made or outsourcing. The enterprises
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4.

High
Product
competitive
advantage

Leverage Strategic

Self-Made

The factors of considered outsourcing
According to the trend of fast growing in

smartphone industry and division of labor based on specialization in competitive market, the brand enterprises
Outsourcing

Strategic Alliance

of smartphone become to focus on and specialize in the
main development in order to respond accordingly to this

Low
Businessstrategydevelopmentprioties

High

industrial environment of keen competition and performance oriented. The enterprises begin to estimate each

Fig. 2

The decision model of outsourcing strategy

business performance in order to analyze if these works
can be able provided the effective methods to enterprises

This research inspects the decision model of outsourcing strategy by study of business strategy and production. And it analyzes the executing strategy in every
stage of the decision process by the key development
business strategy and production competitive advantage.
(Figure 2)

terprises invest more resource into the territory of good
business results, and dissolve the territory of uncompetitive advantage or turn to expanding external service market, such as outsourcing. However, there are many situations are needed to be consider to execute outsourcing

The illustrations of decision strategy are:
1.

for its unique competitive advantage. In this way, the en-

To avoid the leak of technology and keep the

strategy and each scholar gives their own view and recommends different opinions.

business competitive advantage, the enterprises must
take free development strategy, which is free manufacture strategy if business productions possess marketcompetitive advantage and valuable activities in main strategy.

This research recommended related opinions what
is needed to consider to draw up the outsourcing strategy
that is based on several statements, for example, the
characteristic of smartphone industry, the limit of producing goods and the reference to analyze whole enter-

2.

To strengthen and improve production com-

petitive advantage, the enterprises take the method of
strategic alliance to integrate with related specialty or
leader of industry if business productions might not possess market competitive advantage but have valuableactivities in main strategy.
3.

The enterprises take leverage strategy that

provide technology to related manufacturers to assist
manufacturing development if business productions possess market competitive advantage but not havevaluable
activities in main strategy.
4.

The enterprises take outsourcing strategy to

assign specialized contractors who possess competitive
advantage if business productions do not possessmarket
competitive advantage and do not have valuable activi-

prise resource (Figure 3). Therefore, in this research is
expanded the considered factor in business outsourcing
strategy. These factors are the enterprise core technology
capability, the dependent level in external resource, the
peculiarity in production and partnership with outsourcing original equipment manufacturing factories. In this
research to point out that enterprise will rise up the dependent level in external resource while a functional department is without core competence. And the level of
partnership with outsourcing original equipment manufacturing factories and the limited level of running strategy will be rise up for unique production, even to depend
on outsourcing original equipment manufacturing factories completely to make up its core technology or reduce
cost.

ties in main strategy.
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Core technical
capabilities

Dependence
on external
resources

Thefactors of
considered
outsourcing

High

The
uniqueness
of product

Uniqueness or
resteicted extent
of product

Outsourcing
partnerships
with founderies

Low

Fig. 4

Fig. 3 The factors of considered outsourcing

build a production and enhance the level in the peculiarity of production if its core technology capability is
strong. Then the production is limited in its possibility.

High

Self-made andoutsourcing

Therefore, to keep the partnership with original

Otherwise, the enterprise will drop the dependent
level in external resource, rise up the level of threshold to

Restricted extent of product

equipment manufacturing factories is necessary and consider the original equipment manufacturing factories as
2nd manufacturing factories would provide the high producing flexibility for brand enterprises.

The outsourcing strategy is the method to keep the partnership with original equipment manufacturing factories.

5.

The original equipment-manufacturing model
The original equipment-manufacturing model is

However, the manufacturing factories are be con-

the basic of the development of Taiwan industry. How-

cerned the organizations as manpower in intensive and

ever, along with the change in the imitating of the com-

high cost for most enterprise. For this reason, the most

petitive countries and quick extend in similar operation

brand enterprises would consider how to cooperate with

model such as EMS and CEM; the original equipment

external specialized original equipment manufacturing

manufacturing is changed between cooperation model

factories in order to seek the benefits and managed con-

and operation model. Brand enterprises rely on original

venience in the lower cost and profits age. Besides, the

equipment manufacturer factories more than before be-

condition of business production is not only important to

cause of the capacity improvement of original equipment

consider the outsourcing strategy but also main consid-

manufacturing factories. And original equipment manu-

ered factor to choice outsourcing. So, the risk of technol-

facturing suffers the pressure from brand enterprises and

ogy leak in seeking outsourcing when the production is

competitive environment, and then OEM model in lower

unique and good expectancy; on the other hand, it will

value added transfer to ODM model in higher value

come higher cost in self-made (Figure 4).

added; finally transfer to JDM model in more competitive ability by the integration in whole supply chain.
Even so, the improvement of technology, production capacity and creativity is the only method to keep competitive in the competitive environment of the original equipment manufacturing industry. Especially in the competitive environment of smartphone industry, the original
equipment manufacturing factories cannot grow up by
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strong production capacity under the pressure between

bility in the short time. Furthermore, the original equip-

the cost and profit if the original equipment manufactur-

ment manufacturing of JDM model has not only the

ing factories only keep OEM order. Therefore, original

competitive advantage but also the capability to integrate

equipment manufacturing factories must emphasize self-

the ability of related good vendors that create more value

capability in research and development to transfer to

added for brand vendors by self- nucleus technology ca-

ODM model in order to participate in the production de-

pability in order to increase self- competitiveness in the

sign and increase the production decision-making power,

industry. Therefore, helping brand vendors’ production to

moreover transfer to JDM model. And then JDM model

design, global shipping out and after-service all include

is not only able to join the brand enterprises’ nucleus

in the service of JDM model that OEM and ODM mod-

production design and development, but also express the

els cannot compare.

opinions about the materials selection and producing process. Further, it can expand the customer service and

6.

maintain service in order to increase the original equip-

Conclusion
According the many research reports, the enter-

ment manufacturing factories’ value added and competi-

prises seek excellent and specialized original equipment

tiveness. ”Fig. 5”

manufacturing factories to improve the production capability, reduce the cost and increase competitive advantage in competitive market in order to focus on itself
core technology. However, the outsourcing strategy is not
the cure-all, it often fails. For this reason, to ensure the
success of outsourcing strategy is planning carefully outsourcing strategy, estimating and managing the original
equipment manufacturing factories. This research is the

Fig. 5

The original equipment-manufacturing model

By the original equipment-manufacturing modelof
ODM and OEM, the productive activities only achieve
brands’ shipping goal; brands would execute by them-

reference for who intend to do service outsourcing industry to study the growth trend of smartphone industry and
to cooperate in the development of outsourcing strategy.
The conclusions are:
1.

selves or entrust professional service vendors to enforce
the last technology service at customer side.
However, the capability of execution of original
equipment manufacturing model usually depends on the
level of original equipment-manufacturing factories’

ing appropriate service outsourcing factories that let
brand enterprises would focus on core technology and
competitive production in order to improve its enterprise
competence.
2.

technology capability. It is able to offer complete service
for brand vendors and the customers who are at the last
part in productive activities. The technology capabilityof

Well executing outsourcing strategy, integrat-

Outsourcing strategy affects enterprises in

positive direction to engage in business and achieve its
performance.
3.

original equipment manufacturing of JDM model is not

It is necessary in strategic direction to keep

only able to help to design and develop now production

partnership with original equipment manufacturingfacto-

with brand vendors, but also find the solution method

ries. So, the original equipment manufacturing factories

and avoid same problem again by self-technologycapa-

is the key factor for business strategy to keep the growth
in elasticity.
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Outsourcing strategy is not only theeffective

The Retention of Outsourcing Providers in The Hos-

running model to respond fast to market demand butalso

pitality Industry?” International Journal of Hospital-

the essential method to strengthen the enterprises core

ity Management, p.p.801-608

4.

competence and keep its competitive advantage.

10. Strange, R.,(2011), “The Outsourcing of Primary
Activities：Theoretical Analysis and Propositions”,

7.
1.

Journal of Management of Governance, Vol.15,

Reference
Adobor, H., (2012),“Ethical Issue in Outsourcing：
The Case of Contract Medical.”, Research and the

p.p.249-269
11. Tajdini, S. and Nazari, M.,(2012), “IS Outsourcing
Decision：A Quantiative Approach.”, International

Global Pharmaceutical Industry, Vol.105, p.p.239-

Journal of Business and Management, Vol.7 (2).

255
2.

Arnold, U., (2000),“New Dimension of Outsourcing
A Combination of Cost Economics and The Core
Competencies Concept.”, Marketing and Supply

Author Biographies
Chien-Jung Huang is a doctoral

Management, p.p.1-7
3.

4.

Ehie, I.C.,(2001),“Determinants of

candidate at Industrial and Systems

Success in

Manufacturing Outsourcing Decisions：A Survey

Engineering of Chung Yuan Chris-

Study.”, International Journal of Production andIn-

tian University in Taiwan. He has

ventory Management, Vol.42(1), p.p.31-39

5 years of NB industry and 17

Elmuti, D.,(2003),“The Perceived Impact of Out-

years smart phone industry of

sourcing on Organizational Performance.”, Mid-

working experience, currently he is the director of HTC

American Journal of Business, Vol.18(22), p.p.33-

production department.

41
5.

Hafeez, K., and Zhang, Y.B.,(2002),“Determining
Key Capabilities of A Firm Using Analytic Hierar-

Jui-Chin Jiang currently serves
as an associate professor in Department of Industrial and Systems
Engineering of Chung Yuan Christian University.

chy Process”, International Journal of Production
Economics, Vol. 76, p.p.39-51
6.

Hope, J. and Hope, T.,(1997), “Competing in the
Third Wave：The Ten Key Management Issue ofthe
Information Age”, Harvard Business School, Boston.

7.

Jeremy, H., Dimitri, G. and Khaleel, M.,(2008),“The
Growth and Management of R&D Outsourcing：
Evidence form UK Pharmaceuticals.”, R&D Manadement, Vol.38 (2), p.p.205-219

8.

Lamminmaki, D.,(2011), “An Examination of Factors Motivation Hotel Outsourcing.”, International
Journal of Hospitality Management, P.P.963-973

9.

Leeman, D., and Reynlods, D.,(2012), “Trust and
Outsourcing：Do Perceptions of Trust Influence

78

10.6977/IJoSI.202003_6(1)
INSTRUCTIONS TO AUTHORS
Submission of Papers
The International Journal of Systematic Innovation is a refereed journal publishing original papers four
times a year in all areas of SI. Papers for publication should be submitted online to the IJoSI website
(http://www.ijosi.org) In order to preserve the anonymity of authorship, authors shall prepare two files
(in MS Word format or PDF) for each submission. The first file is the electronic copy of the paper
without author's (authors') name(s) and affiliation(s). The second file contains the author's (authors')
name(s), affiliation(s), and email address(es) on a single page. Since the Journal is blind refereed,
authors should not include any reference to themselves, their affiliations or their sponsorships in the
body of the paper or on figures and computer outputs. Credits and acknowledgement can be given in
the final accepted version of the paper.
Editorial Policy
Submission of a paper implies that it has neither been published previously nor submitted for
publication elsewhere. After the paper has been accepted, the corresponding author will be responsible
for page formatting, page proof and signing off for printing on behalf of other co-authors. The
corresponding author will receive one hardcopy issue in which the paper is published free of charge.
Manuscript Preparation
The following points should be observed when preparing a manuscript besides being consistent in style,
spelling, and the use of abbreviations. Authors are encouraged to download manuscript template from
the IJoSI website, http://www.ijosi.org.
1. Language. Paper should be written in English except in some special issues where Chinese maybe
acceptable. Each paper should contain an abstract not exceeding 200 words. In addition, three to five
keywords should be provided.
2. Manuscripts. Paper should be typed, single-column, double-spaced, on standard white paper
margins: top = 25mm, bottom = 30mm, side = 20mm. (The format of the final paper prints will have
the similar format except that double-column and single space will be used.)
3. Title and Author. The title should be concise, informative, and it should appear on top of the first
page of the paper in capital letters. Author information should not appear on the title page; it should be
provided on a separate information sheet that contains the title, the author’s (authors') name(s),
affiliation(s), e-mail address(es).
4. Headings. Section headings as well as headings for subsections should start front the left-hand
margin.
5. Mathematical Expressions. All mathematical expressions should be typed using Equation Editor
of MS Word. Numbers in parenthesis shall be provided for equations or other mathematical expressions
that are referred to in the paper and be aligned to the right margin of the page.
6. Tables and Figures. Once a paper is accepted, the corresponding author should promptly supply
original copies of all drawings and/or tables. They must be clear for printing. All should come with
proper numbering, titles, and descriptive captions. Figure (or table) numbering and its subsequent
caption must be below the figure (or table) itself and as typed as the text.
7. References. Display only those references cited in the text. References should be listed and
sequenced alphabetically by the surname of the first author at the end of the paper. References cited in
the text should appear as the corresponding numbers in square bracket with or without the authors’
names in front. For example
Altshuller, G.,1998. 40 Principles: TRIZ Keys to Technical Innovation, Technical Innovation Center.
Sheu, D. D., 2007. Body of Knowledge for Classical TRIZ, the TRIZ Journal, 1(4), 27-34.

10.6977/IJoSI.202003_6(1)
Society of Systematic Innovation (2019)

The International Journal of Systematic Innovation
Journal Order Form
Organization
Or Individual Name
Postal address for delivery
Name:
e-mail:
Position:
School/Company:
I would like to order
copy (ies) of the International Journal of Systematic Innovation:
st
nd
Period Start: 1 / 2 half
, Year:
(Starting 2010)
Period End : 1st/ 2nd half
, Year:
Price:
Institutions: US $90 (yearly) / NT 2,800 (In Taiwan only)
Individuals: US $30 (yearly) / NT 950 (In Taiwan only)
(Surface mail postage included. Air mail postage extra)
E-mail to: IJoSI@systematic-innovation.org or fax: +886-3-572-3210
Air mail desired
(If checked, we will quote the additional cost for your consent)

Person to contact

Order
Information

Total amount due

US$

Payment Methods:
1. Credit Card (Fill up the following information and e-mail/ facsimile this form to The Journal office indicated below)
2. Bank transfer
Account: The Society of Systematic Innovation
Bank Name: Mega International Commercial BANK
Account No: 020-53-144-930
SWIFT Code: ICBCTWTP020
Bank code：017-0206
Bank Address: No. 1, Xin’an Rd., East Dist., Hsinchu City 300, Taiwan (R.O.C.)

VISA / Master/ JCB/ AMERICAN Cardholder Authorization for Journal Order
Card Holder Information
Card Holder Name

(as it appears on card)

Full Name (Last,
First Middle)
Expiration Date
Card Number

/

(month / year)

Card Type

□□□□-□□□□-□□□□-□□□□

Amount Authorized

□VISA □MASTER □JCB

Security Code

□□□

Special
Messages

Full Address
(Incl. Street, City,
State, Country
and Postal code)
Please Sign your name here

(same as the signature on your card)

The Society of Systematic Innovation
5 F, # 350, Sec. 2, Guanfu Rd, Hsinchu,
Taiwan, 30071, R.O.C.

