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Abstract--Along with global marketing competition and
shortened product life cycle, many firms attempt to engage in
product innovation in order to create new products for
sustaining their competitive advantage. Prior studies have
indicated that firms’ successful product innovation are
intimately linked with employees’ innovative behavior.
Furthermore, some previous studies also indicate that
knowledge characteristic and self efficacy are important factors
to improve organizational development; however, few studies
investigate the relationship among knowledge characteristic,
self-efficacy, and employees’ innovation behavior. Therefore, we
attempt to explore these relationships in this study. On the other
hand, environmental uncertainty is a key influencing factor in
the competitive environment, especially for knowledge intensive
manufacturing industry. However, few studies explore the
moderating effect of environmental uncertainty among
knowledge characteristic, self-efficacy, and employees’
innovation behavior in manufacturing industry. Therefore, we
address the research gap by investigating sales and R&D
employees in manufacturing industry. Qur results show that
knowledge characteristic has positive effect on employees’
innovative behavior for the R&D employees. Furthermore,
self-efficacy has positive effect on employees’ innovative
behavior for both sales and R&D employees. Finally,
environmental uncertainty has positive moderate effect on the
relationship among knowledge characteristic, self-efficacy, and
employees’ innovation behavior.

[. INTRODUCTION

With the rapid pace of environmental change, firms need
to engage in product innovation constantly in order to sustain
competitive advantage [19],[38],[12] and corporate renewal
[13][11]. Furthermore, some studies have indicated that
product innovation has positive impact on firm performance
[27], firm survival [15][36]. For instance, cell phone
industries have no choice but to launch new product
constantly in order to dominate the market and maintain
industry position, as the product life cycle in the industry
shorten. Therefore, the determinants of product innovation
has increasing attracted the attention for both researchers and
practitioners. Then, many studies have found some successful
determinants of product innovation.

The determinants of product innovation could divide into
three levels: individual (such as educational level, working
hour, and ability) organization (such as internal know-how,
financial input, cooperation between departments, firm size,
R&D intensity and firm age) and external factors (such as
intense external networking) [22],[20],[8],[181,[71],[12].
Furthermore, an organization is composed of employees
primarily. Therefore, the effect of employees on product

innovation may stronger than organizational and external
factors. Then, employees’ innovative behavior may have
great impact on product innovation. However, few studies
have investigated the determinants of employees’ innovative
behavior.

Some studies have found that job autonomy has a
significant impact on employees’ creativity [1]. Furthermore,
employees’ possess high level of knowledge characteristic;
then, they could solve the challenging problem, and generate
novel ideas which may be beneficial to employees’ job
outcome [24]. Based on the above-mentioned, we could infer
that knowledge characteristic may have impact on employees’
innovative behavior. On the other hand, self efficacy may
have mediating effect on the relationship between knowledge
characteristic and employees’ job performance [19][35].
Moreover, self efficacy is likely to influence on employees’
behavior [39]. In doing so, we also infer that self efficacy
may have great impact on employees’ innovative behavior.
However, few studies have explored the relationship among
knowledge characteristic, self efficacy, and employees’
innovative behavior. Therefore, we attempt to address the
research gap by investigating sales and R&D employees in
Taiwan manufacturing industry.

Sales and R&D employees play an important role in
innovative activities. Sales employees are the first line
employees who possess the well environmental forecasting
and problem-solving ability. Moreover, they could acquire
consumers’ comments and requirements directly. Then, sales
employees report back the information which they acquire
from consumers or market to organization in order to
facilitate the successful innovative activities. Therefore, the
ability of collecting and forecasting innovative information is
important for sales employees. On the other hand, R&D
employees involve in new product design. Therefore,
innovative ability is crucial for them. In doing so, we attempt
to investigate the relationship among knowledge
characteristic, self efficacy, and employees’ innovative
behavior in sales and R&D employees.

II. THEORY FRAMEWORK AND HYPOTHESIS

A. Knowledge characteristic and self efficacy

Knowledge characteristic refers to the knowledge, skills,
or competence which is required by an individual to
implement the task [21]. In other words, knowledge
characteristic means an important factor to determinant
whether individual has ability to complete a task in a highly
specialized and knowledge-intense environment [9][10].
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Knowledge characteristic could divide into five important
assessment indexes: job complexity, information processing,
problem solving, skill variety, and specialization [30].

Self efficacy means individual’s mental state or belief
which is an individual perceptual phenomenon e.g. purpose
of work, and sense of responsibility. Knowledge
characteristic is closely related to individuals’ feeling and
belief [6][10]. Furthermore, [19] indicate that knowledge
characteristic is likely to influence on individual’s mental
state (such as self efficacy). This argument leads to the
following hypothesis:

Hypothesis 1a: knowledge characteristic has significantly
positive impact on self efficacy for sales employees.
Hypothesis 1b: knowledge characteristic has significantly
positive impact on self efficacy for R&D employees.

B. Knowledge characteristic and employees’ innovative

behavior

Individuals with high level of knowledge characteristic
may possess well knowledge, skills, or competence to
implement the task [21]. Therefore, they are more likely to
have great task performance. Knowledge characteristic has
significantly positive impact on employees’ innovation
willingness [16][34]. Furthermore, individuals with high level
of knowledge characteristic have better innovative
performance or behavior. Accordingly, this study proposes
that knowledge characteristic has significantly positive
impact on employees’ innovative behavior.

Hypothesis 2a: knowledge characteristic has significantly
positive impact on employees’ innovative behavior for
sales employees.

Hypothesis 2b: knowledge characteristic has significantly
positive impact on employees’ innovative behavior for
R&D employees.

C. Self efficacy and employees’ innovative behavior

Self efficacy refers to individual’s mental state or belief
which is an individual perceptual phenomenon e.g. purpose
of work, and sense of responsibility [6]. Therefore, individual
has high level of self efficacy, and he or she will have
stronger confidence and endurance [5] to implement their
task. In addition, employees’ self efficacy will enhance their
willingness of engaging in performance, and thereby to
improve  organizational effectiveness or individual
performance [4],[37],[21]. For this reason, individual has
high level of self efficacy could overcome some uncertain
factors, when he or she implement innovative activities, and
thereby to improve his or her innovative behavior. This
argument leads to the following hypothesis:
Hypothesis 3a: self efficacy has significantly positive impact

on employees’ innovative behavior for sales employees.

Hypothesis 3b: self efficacy has significantly positive impact
on employees’ innovative behavior for R&D employees.

D. Moderating effect of environmental uncertainty
With the rapid pace of environmental change,
environmental uncertainty has become an influential variable

to explain organization performance and development [33].

Environmental uncertainty refers to the speed of

environmental change and instability of the technological and

market environment [25][3]. Therefore, environmental
uncertainty will result in individual who is unable to
accurately predict and understand some aspect of
technological or market conditions [29][14], and thereby to
generate investment or decision risk. In other words, under
the condition of environmental uncertainty, it is likely to
result in wrong decision, and thereby to influence
organizational development or individual performance.
Environmental uncertainty is likely to influence individual
development or performance, but knowledge characteristic
and self efficacy could diminish the effect of environmental
uncertainty on individual. Employees have high level of
knowledge characteristic, and they have sufficient

problem-solving and information processing ability [30]

which may diminish the effect of environmental uncertainty,

and thereby to improve employees’ innovative behavior.

Hypothesis 4a: environmental uncertainty has significantly
positive moderating effect on the relationship between
knowledge characteristic and employees’ innovative
behavior for sales employees.

Hypothesis 4b: environmental uncertainty has significantly
positive moderating effect on the relationship between
knowledge characteristic and employees’ innovative
behavior for R&D employees

Furthermore, self efficacy will enhance individuals’
confidence [5]. Individuals’ mental state or belief is likely to
assist them to overcome the problem, and thereby to
implement their task successfully. Therefore, under the
condition of environmental uncertainty, individual’s belief
may diminish the effect of environmental uncertainty on
employees’ innovative behavior. This argument leads to the
following hypothesis:

Hypothesis 5a: environmental uncertainty has significantly
positive moderating effect on the relationship between
self efficacy and employees’ innovative behavior for
sales employees.

Hypothesis 5b: environmental uncertainty has significantly
positive moderating effect on the relationship between
self efficacy and employees’ innovative behavior for
R&D employees
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III. METHODOLOGY

A. Sample and Data Collection

In this study, Taiwan manufacturing firms’ employees are
selected as the sample for this study; furthermore, the
respondents work in sales (including marketing and business
department) or R&D department which need highly
specialized, and professional knowledge and technology.

We adopt convenience sampling for collecting data. The
data are collect by two methods. One is mail survey. We send
the questionnaires to 130 manufacturing firms’ employees
who work in either sales department or R&D department.
Finally, we obtain 112 usable responses, yielding a response
rate of 86.15%. Another is online survey, and we obtain 64
valid questionnaires. Totally, we acquire 174 valid
questionnaires in the study.

B. Measures

The variables are divided into two types in this study,
which are research variables and control variables. In order to
ensuring the conceptual equivalence of both the Chinese and
English questionnaire versions, we conduct back-translation
by bilingual speaker of the both languages. Participants rate
questionnaire items on the five-point Likert scale ranging
from strongly disagree to strongly agree.

Research variables

Knowledge characteristicc.  Knowledge characteristic
refers to the knowledge, skills and competence that are
required by an individual to complete the job. More
specifically, knowledge characteristic is an important factor
to determinant whether an individual could complete a task in

a highly professional, and knowledge intense environment [9].

To assess knowledge characteristic, we adopt the dimension
of knowledge characteristic from the Work Design
Questionnaire (WDQ) developed by [30]. Then, we assess
knowledge characteristic with 20 items.

Self efficacy. Self efficacy means individual’s mental state
or belief which is an individual perceptual phenomenon [6].
To assess self efficacy, we adopt the dimension of self

efficacy from Personal Efficacy Belief scale which developed
by [32]. We assess self efficacy with 10 items, such as “I am
very proud of my job skills and abilities”.

Employees’ innovative behavior. Employees’ innovative
behavior is measured using 20 items from Innovativeness
Scale (IS) which is developed by [17]. A sample item being:
“1 frequently improvise methods for solving a problem when
an answer is not apparent”.

Environmental uncertainty. Environmental uncertainty
could be divided into two parts. One is technological
uncertainty; another is market uncertainty. Then, it is
measured by the scale which is developed by [2][26].

Control variables.

In this study, three variables are controlled for when
testing the research hypotheses. Previous studies indicated
that the time of an employee join the group is likely to affect
personal interaction, and thereby affecting individual
innovative behavior [21]. Therefore, we control for
employees’ tenure in the present study. Furthermore,
employees’ age and education level are also likely to
influence data analysis outcome [31],[23],[21]. In doing so,
we also control for employees’ age and education level in this
study.

IV. DATA ANALYSIS AND RESULTS

Table 1 shows the means, standard deviations, and
correlations for all study variables. Based on a hierarchical
regression estimation strategy, Table 2 and Table 3 show the
empirical results. Hypothesis la investigates the effect of
knowledge characteristic on self efficacy for employees who
work in sales department. The empirical estimation is not
significant (Model 2 of Table 2). The result indicates that
knowledge characteristic is not likely to influence self
efficacy for employee in sales department. Thus, Hypothesis
la is not supported. Hypothesis 1b investigates the effect of
knowledge characteristic on self efficacy for employees who
work in R&D department. The empirical estimation is also
not significant (Model 4 of Table 2). Thus, Hypothesis 1b is

817



2014 Proceedings of PICMET '14: Infrastructure and Service Integration.

not supported. Then, hypothesis 2a investigates the effect of
knowledge characteristic on employees’ innovative behavior
for employees who work in sales department. As show in
Model 6 of Table 2, the coefficient for the relationship
between knowledge characteristic and employees’ innovative
behavior is not significant, and thus do not provide support
for Hypothesis 2a. Hypothesis 2b investigates the effect of
knowledge characteristic on employees’ innovative behavior
for employees who work in R&D department. As show in
Model 8 of Table 2, the coefficient for the relationship
between knowledge characteristic and employees’ innovative
behavior is significant and positive (4 =0.56, p<0.001),
and thus provide support for Hypothesis 2b.

Furthermore, H3a and H3b examine the effect of self
efficacy on employees’ innovative behavior for the
employees who work in either sales or R&D department. As
show in Model 10 and Model 12, the coefficient is significant
and positive ( f=0.32, p<0.05; =0.68, p<0.001).

Therefore, H3a and H3b are supported in this study.

H4a and H4b investigate the moderating effect of
environmental uncertainty on the relationship between
knowledge characteristic and employees’ innovative behavior
for the employees who work in either sales or R&D
department. As shown in Model 3 and Model 6 in Table 3,
the results indicates that there is positive interaction effect
between knowledge characteristic and employees’ innovative
behavior for both sales and R&D department’s employees
(=050, p<0.05; £=0.49; p<0.05). Therefore, H4a
and H4b are supported. Moreover, this study also tested the
moderating effect of environmental uncertainty on the
relationship between self efficacy and employees’ innovative
behavior for the employees who work in either sales or R&D
department. As show in Model 9 and Model 12, the
coefficient is significant and positive (£=0.39, p<0.05;

B =044, p<0.01). Therefore, H5a and H5b are supported
in this study.

TABLE 1. CORRELATION MATRIX (N=174)

behavior

Variables Mean S.D. 1 2 3 4 5 6 7
1.  Employees’ age 36.5 7.00 1
2. Employees’ education level ~ 3.26 0.88 -0.19" 1
3. Employees’ tenure 9.08 6.98 0.83" -0.34" 1
4. Knowledge characteristic 3.70 0.63 -0.03 0.36" -0.04 1
5. Selfefficacy 3.46 0.48 0.20" 0.05 -0.19° 0.16" 1
6.  Environmental uncertainty  3.63 0.74 0.03 0.22" -0.05 0.47" 0.05 1
7. Employees’ innovative 3.51 0.41 0.08 0.23 -0.08 0.35" 0.58" 0.34" 1

Note: *p<0.1; **p<0.05

TABLE 2. REGRESSION ANALYSIS RESULT OF MAIN EFFECT (N=174)

Dependent variable Self efficacy Employees’ innovative behavior
Hypotheses Sales (Hla) R&D (H1b) Sales(H2a) R&D(H2b) Sales(H3a) R&D(H3b)
Modell  Model2  Model3  Model4 Model5 Model6  Model7  Model8 Model9  Modell0  Modelll Modell2
Control variables
Employees’ age -0.02 -0.02 0.09 0.06 -0.12 -0.12 -0.08 -0.14 -0.12 -0.12 -0.08 -0.14
Employees’ education level 0.25 0.28 -0.01 -0.11 0.35" 0.35 0.07 -0.15 0.35" 0.26 0.07 0.07
Employees’ tenure -0.01 -0.01 0.28 0.33 0.03 0.03 0.20 0.32 0.03 0.03 0.20 0.01
Independent variables
Knowledge characteristic -0.08 0.26 -0.01 0.56™"
Self efficacy 0.32" 0.68""
F-value 0.84 2.44 1.64 4,037 3.17* 8.537"
Adj R? -0.01 0.10 0.05 0.20 0.16 0.38
Note: *p<0.1; **p<0.01;***p <0.001
TABLE 3. REGRESSION ANALYSIS RESULT OF INTERACTION EFFECT (N=174)
Employees’ innovative behavior
Sales (H4a) R&D (H4b) Sales(H5a) R&D(H5b)
Modell ~ Model2  Model3  Model4 Model5 Model6  Model7  Model8 Model9  Modell0  Modelll Model12
Control variables
Employees’ age -0.12 -0.12 -0.05  -0.08 -014 -0.25 -0.12 -0.17 -0.01 -0.08 -0.14 -0.27
Employees’ education level 0.35" 0.35 0.23 0.07 0.15 -0.09 0.35" 0.26 0.16 0.07 0.07 0.07
Employees’ tenure 0.03 0.03 -0.06 020 0.31 0.42 0.03 0.03 -0.07 0.20 0.01 0.18
Independent variables
Knowledge characteristic -0.01 -0.33 0.56™" 0.16
Self efficacy 0.32" 0.13 0.68™" 0.38"
Interaction effect
Knowledge characteristic* 0.50* 0.49"
environmental uncertainty
Self efficacy*environmental 0.39" 0.44™
uncertainty
F-value 2.63" 4617 3.977 10.00™
Adj R 0.15 0.27 0.24 0.47

Note: *p<0.1; **p<0.01;***p <0.001
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V. DISCUSSION AND CONCLUSION

Production innovation is important for firms to sustain
competitive advantage in a constantly rapid changing
environment; then, employees’ innovative behavior is a
crucial determinant for organizational development and
product innovation. Previous studies have indicated that
knowledge characteristic and self efficacy are the important
factors which are likely to influence individual or
organizational performance [21]. However, fewer studies
have further explored how knowledge characteristic and self
efficacy influence on employees’ innovative behavior, and
how knowledge characteristic influence on self efficacy.
Therefore, we investigate the relationship among knowledge
characteristic, self efficacy, and employees’ innovative
behavior in this study. Furthermore, we also add

environmental uncertainty as the moderating effect to explore.

In addition, employees in sales and R&D department have
different task requirement and content. Thus, we explore
whether employees in sales and R&D department have
different outcome among knowledge characteristic, self
efficacy, and employees’ innovative behavior.

The primary findings suggest that (a) knowledge
characteristic do not have significant impact on self efficacy
for employees in both sales and R&D department, (b)
knowledge characteristic do not have significant impact on
employees’ innovative behavior for employees in sales
department, but it has significant impact on employees’
innovative behavior for employees in R&D department, (c)
self efficacy have significant impact on employees’
innovative behavior for employees in both sales and R&D
department, and (d) environmental uncertainty has
moderating effect in this study.

For employees in sales department, knowledge
characteristic do not have significant impact on self efficacy
and employees’ innovative behavior. The possible

explanation is that sales employees’ work content is about
dealing with consumer requirements, and contacting with
consumers, which may not need professional and specified
knowledge and technology. Therefore, knowledge
characteristic do not lead to improve self efficacy and
employees’ innovative behavior.

For employees in R&D department, knowledge
characteristic do not have significant impact on self efficacy,
but it could lead to improve employees’ innovative behavior.
The finding indicates that employee’s mental state or belief is
more likely to improve employees’ innovative behavior rather
than knowledge characteristic.

Furthermore, we find that environmental uncertainty has
significant moderating effect in this study. In high level of
environmental uncertainty, it is likely to increase many
unpredictable factors and diminish employees’ confidence
[28][2], and thereby, it may result in failure innovation and
investment. Our findings indicate that knowledge
characteristic and self efficacy could improve employees’
innovative behavior in high level of environmental
uncertainty. Therefore, managers should pay more attention
on how to improve employees’ knowledge characteristic and
self efficacy in order to increase employees’ innovative
behavior in high level of environmental uncertainty.
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