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Previous studies have noted that both punishment and reward can improve knowledge sharing to some
extent; however, which one better promotes knowledge sharing remains debatable. Furthermore, it has
yet to be thoroughly investigated whether a higher fine or a higher bonus precipitates better knowledge
sharing performance. Here, we analyze knowledge sharing behavior by introducing four models of the
public goods game (PGG) with the following incentive mechanisms: no incentive, a reward, a punishment,
and a mix of reward and punishment, to determine which mechanism best promotes knowledge sharing
in the workplace. Each model is then used to simultaneously consider difficult pressures and coworkers’
attitudes in a work environment. A simulation was conducted using the Java programming language, the
results of which revealed the following: (1) Both punishment and reward can promote knowledge sharing
behavior, but punishment is more effective than reward for sustaining knowledge contribution. Contrary
to what was expected, the mixed mechanism is not as efficient as punishment or reward in facilitating
knowledge sharing. (2) The amount of the fine/bonus is nonlinearly related to the quality of the knowl-
edge shared. Thus, we suggest that the moderate fine/bonus is a satisfactory choice for organizations
to promote knowledge sharing. (3) Peer pressure, time pressure, and coworkers’ attitudes all contribute
crucially to the equilibrium of the PGG. (4) It is easier to improve and maintain knowledge contribution
when the facilitating influences, e.g. peer pressure, from the work environment are stronger than the in-
hibiting ones, e.g. time pressure. Our research not only promotes an understanding of the influences of
incentive mechanisms and the effects of pressures and team atmospheres on knowledge sharing, but also
provides practical implications for organizations and leaders.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Knowledge sharing refers to the provision of task information
and know-how to help others and collaborate with others to solve
problems, develop new ideas, or implement policies or procedures
[1]. Knowledge sharing has received considerable attention [2], as
it is vital to the development of an organization’s competitive
advantage. Additionally, knowledge sharing is integral to knowl-
edge management [3]. However, sharing personal knowledge with
coworkers does not come naturally to most individuals [4]; knowl-
edge can be considered as an individual’s intellectual property, an
intangible private asset, and power. Accordingly, individuals tend
to hoard rather than share knowledge, as the knowledge contribu-
tors may fear that diminishing their internal competition makes
them expendable, and thus puts their job at risk [5-11]. Schol-
ars have conducted research of knowledge sharing in two primary
ways. The first involves identifying important factors that affect
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knowledge sharing behavior. These include (a) the properties of the
environment, including macro-level and micro-level environmental
factors, (b) the properties of management and managerial actions,
(c) the properties of the individuals, and (d) the properties of the
knowledge itself [12]. In real life, decision-making is influenced
by external environmental conditions and an individual’s abilities
based on bounded rationality [13]. Therefore, the individual’s will-
ingness to share knowledge is inevitably affected by the organiza-
tional environment. Contemporary employees are facing multiple
pressures from the organizational environment, such as time pres-
sure and peer pressure; they are busier than ever and require more
cooperation than ever before. Some scholars have analyzed the in-
fluence of time pressure and peer pressure on knowledge shar-
ing; however, these have all comprised empirical research. That is,
there is no study regarding those pressures and their relation to
knowledge sharing involving the public goods game (PGG) method
and simulation. The second approach to investigations of knowl-
edge sharing involves providing effective incentives for knowledge
sharing. As many researchers have suggested, it is difficult to form
cooperative relationships in the system when everyone makes de-
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cisions in pursuit of maximizing their own payoffs [14]. However,
both punishment and reward can improve knowledge sharing to
some extent; but which one encourages better knowledge shar-
ing is debatable. Furthermore, a research gap remains regarding
whether a higher fine or a higher bonus leads to better knowledge
sharing performance. Here, we analyze knowledge sharing behav-
ior by introducing four models of the PGG followed by four in-
centive mechanisms: no incentive, a reward, a punishment, and a
mixed reward and punishment. Each model is then used to simul-
taneously consider difficult pressures and coworkers’ attitudes in
a work environment. With Java programming language simulation,
the following issues are investigated: (1) Punishment or reward,
which on is better in promoting knowledge sharing? What hap-
pens if we adopt the mixed incentive mechanism? (2) Does the
higher fine or higher bonus better encourage efficiency in facilitat-
ing knowledge contribution? (3) How do time pressure, peer pres-
sure, and coworkers’ attitudes influence knowledge sharing?

1.1. PGG and knowledge sharing

While previous works regarding knowledge sharing have con-
tributed to an improved understanding of knowledge sharing, most
have been empirical. Thus, these studies involve several limitations,
such as the use of variables based on a questionnaire completed by
a single source at one time period [1]. Alternatively, some scholars
have investigated knowledge sharing from the perspective of so-
cial dilemmas existing in realistic organizations. The frameworks
presented in these studies, borrowed from sociological research
on cooperation, inform the socio-psychological processes govern-
ing exchanges among employees. Cabrera & Cabrera suggest that
shared knowledge becomes a public good from which interdepen-
dent members of an organization can benefit directly, whether or
not they have contributed; this may lead to opportunistic behav-
ior and free riding [15]. Additionally, personal behaviors are pri-
marily motivated by self-interest, from an economic perspective;
people therefore tend to do their best to maximize individual util-
ity [10,11]. This implies that knowledge sharing is a phenomenon
with the potential to evoke feelings of conflict of interest among
the individuals involved [16,17]. As a result of this, free riding is
often the personal strategy that yields the best outcome for em-
ployees. Accordingly, such free riding resulting from maximizing
one’s own utility creates a public goods social dilemma, i.e. sit-
uations arise in which individuals’ rational actions performed in
an attempt to maximize their personal benefits damage the collec-
tive [18,19]. Evolutionary game theory has become one of the most
prevalent methods to solve social dilemma situations [20], vari-
ous approaches for promoting cooperation have been discussed in-
cluding coevolution [21,22], reputation-based popularity [23], and
independent networks [24]. Meanwhile, PGG also provides a rea-
sonable explanation for group interactions among multiple play-
ers [25]. The knowledge sharing dilemma with the PGG model re-
quires further investigation; thus far, this application of the PGG
model has attracted a reasonable degree of supporting evidence
from other disciplines which study human social behavior [15].

1.2. Incentive mechanisms and knowledge sharing

Promoting knowledge sharing is a difficult task as hoarding and
guardedly considering knowledge are natural human tendencies
[26]. Consequently, the willingness of an individual to share is one
of the central barriers to knowledge sharing [27]. Research through
the lens of providing effective incentives for knowledge sharing
has thus attracted considerable attention. Their results show that
knowledge sharing cannot be forced or mandated but can be en-
couraged and facilitated [28,29], as knowledge sharing is most
likely to occur when employees perceive that incentives exceed

costs [30]. Negative incentive, or punishment is used to reduce the
free-rider’s payoff, and positive incentive, or reward, can be uti-
lized to increase the contributor’s welfare [31]. Confrontation with
the threat of punishment or the promise of reward can effectively
induce individuals to contribute in the PGG, but considerations of
which is more effective have historically returned different results.
Some researchers believe that punishment is traditionally consid-
ered to be more successful than reward since it can have a stabi-
lizing effect on cooperation [32,33]; however, another study shows
that costly punishment is surprisingly ineffective in promoting co-
operation [34]. Other scholars suggest that reward is preferred as
the main catalyst behind collaborative efforts, a reward has several
advantages over punishment [35-37]. Furthermore, there is still a
research gap in this area: does a higher fine or a higher bonus
instigate higher knowledge contribution? Inspired by these past
works and continuing questions, we compare the knowledge shar-
ing behavior by introducing four models of the PGG followed by no
incentive, a reward, a punishment, and a mixed incentive mecha-
nisms. Then, with a Java programming language simulation, we in-
vestigate the effects of fines and bonuses on knowledge sharing as
well as the relationship between the frequency of punishment and
knowledge sharing.

1.3. Time pressure, peer pressure, and knowledge sharing

Time pressure occurs when the environment creates a percep-
tion of limited time to complete a task, resulting in feelings of
stress and the need to cope with the limited time constraint [38].
Today, time is a scarce resource in the workplace, and each activity
requires some amount of time [39]. Accordingly, employees are un-
likely to engage in sharing if they are fully utilized by their regular
tasks at work. Significantly, employees’ responses to time pressure
reduce the amount of trust and quality of communication had be-
tween each other [40,41], which can affect an individual’s attitude
toward knowledge sharing [16,42,43]. Resultingly, the sharing be-
havior becomes discontinued [8,12]. In addition to time pressure,
peer pressure contributes to the extent to which knowledge is
shared. Peer pressure can be defined as pressure from peers to do
something or to keep from doing something else, no matter if one
personally wants to do it or not [44]; the existence of peer pres-
sure leads to the belief that the peer group demands conformity
to its norms [45]. The notion that peer pressure can be an effec-
tive motivator is not new [46]. It plays a critical role in promoting
biological cooperation and is often invoked to explain why group-
based incentives are surprisingly successful despite the incentive
to free ride [47]. Furthermore, knowledge sharing occurs through
peer interaction [48]. Employees may choose to share knowledge
as a way to help develop personal relationships with peers or to
simply manage their impression on others [1]. Prior research also
shows that perceived coworker support has a strong positive rela-
tionship with knowledge sharing [49]. Therefore, peer pressure in a
public institution results in a higher propensity of knowledge shar-
ing among colleagues and peers [50]. These studies inform the re-
lationships between various pressures and knowledge sharing be-
havior; however, they are all empirical investigations. As there is
currently no study regarding the relationships between work pres-
sures and knowledge sharing that utilizes the methods of the PGG
and an ensuing simulation, we aim to provide such through this
work.

The remainder of this paper is organized as follows. The spatial
PGG models are elaborated upon in Section 2. The corresponding
simulation results are provided in Section 3. Lastly, conclusions are
given in Section 4.
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2. Models

Spatial PGG models are presented to analyze the knowledge
sharing behavior by introducing four models followed by no incen-
tive, a reward, a punishment, and a mixed incentive mechanisms,
respectively. Each model is then used to simultaneously consider
difficult pressures and coworkers’ attitudes in a work environment.
For these four models, all assumptions and whole frames are the
same; the only difference is the payoff.

All of the PGG models are run with a large network size to ob-
tain stable results; in our models, PGG is staged on networks in-
cluding 1000 players, wherein each person has a different num-
ber of neighbors («). That is, each player participates in x + 1 PGG
groups, where one group is centered on themselves and other «
groups focus on their neighbors. The per capita number of neigh-
bors is ayn, which is set as ay, = 36; the largest number of neigh-
bors is 100. The neighbors are created randomly, which means
some players have many neighbors while others have few. This is
acceptable as long as a player has one neighbor in the network,
which is in line with reality.

There are three types of player in our models, denoted as CA,
CT, and HO: CA is a knowledge contributor with an altruistic in-
tention, CT is a knowledge contributor, and HO is a player who
chooses to hoard knowledge. For the convenience of presentation,
each type of player, CA, CT, and HO, is set to account for a differ-
ent proportion of the total number of people, represented as p1,
P2, and ps3, respectively. It is assumed that the CA player always
chooses the sharing strategy, because people with altruistic inten-
tions are typically enthusiastic to help others. Additionally, the CA
player gets along with others in pleasant, satisfying relationships,
in which knowledge sharing is directly engaged [51]. The original
value of pq is defined as p; >0, as this conforms better to reality
[52]. Initially, all the players are distributed randomly on the net-
work. For players who are not a CA, they are randomly assigned to
be a contributor or a free-rider, with the equal probability. Addi-
tionally, p1 + p = p3 = 50% is set as the starting values, such that
half of the players choose the sharing strategy while the other half
choose hoarding in the initial state. This also means that CA play-
ers are derived from CTs, i.e., all of the CAs are CTs, but not all of
the CTs are CAs.

2.1. Model 1: no incentive mechanism

Players choose to share or to hoard knowledge both simulta-
neously and independently. Each individual contributes one unit
(C=1) to the public pool if the player adopts the strategy of
knowledge sharing; conversely, a free-rider individual contributes
nothing, but exploits from the public pool if the individual chooses
to hoard. The sum of contributions within a group is multiplied
by a synergy factor (r>1), such that the value of r needs to be
less than the number of players in the group to ensure the exis-
tence of the social dilemma [35-53]. Next, the total contributions
is distributed among all group members equally, such that every-
one in the group can enjoy the public goods fairly. lL.e., a free-rider
can also benefit from public goods without contribution. Thus, the
payoff obtained by each player can be calculated as follows:

G
m:Z(eriT:J]mC) (M
Je

In Formula (1), players are numbered by parameter i, where ;
represents the payoff of player i. 2; denotes the set of PGG groups
in which player i participates, and group j is one of the sets of ;.
k; denotes the number of neighbors to player i in group j; m is one
element of group j, correspondingly; G indicates the contribution
of one player in groupj; C; indicates the contributions of player i
(G; =0 if player i is a free-rider, C; = 1 if a knowledge contributor).

In real life, players make decisions within a given work environ-
ment. Accordingly, propensities of knowledge sharing are affected
by the situation in an organization. In our models, parameter E is
used to represent the propensity of knowledge sharing for each
player, wherein E is related to several work conditions: time pres-
sure, peer pressure, and coworkers’ attitudes towards knowledge
sharing. Only a few previous studies have considered the role of in-
dividual personality or disposition in knowledge sharing [51], even
though it has been confirmed that an individual’s disposition has
a significant impact on work attitudes and behaviors [54,55]. To
account for individual personality and disposition, in our models,
Ng is defined as the number of the players who exhibit openness,
agreeableness, and conscientiousness as personality traits. These
relate positively to higher work group and individual attitudes to-
wards knowledge sharing [51,56,57]. N;, is defined as the number
of the players who have greater self-interest, which relates nega-
tively to the individual’s attitude towards knowledge sharing [58].
The percentage ratios for N, and N, among all the players are ¢,
and ¢, respectively. Additionally, P, and P, denote the influence
coefficients of N, and N, respectively, which either facilitate or in-
hibit knowledge sharing. Accordingly, the propensity of knowledge
sharing is summed as follows:

E(t+1)=E(t) + Py — P + NoP; — NyP, (2)

where P, and P; denote peer pressure and time pressure, respec-
tively. NgP; and NyP, are the positive and negative influences
of coworkers’ attitudes towards knowledge sharing, respectively.
Lastly, t represents the time step. Since the entire evolution pro-
cess is a dynamic repeat-play, E changes with time. In the real-
world system, people cannot be expected to share their ideas and
insights simply because it is the right thing to do [59]; e.g., po-
tential knowledge contributors may refrain from a knowledge ex-
change if they feel they can better benefit by hoarding rather than
by sharing [26]. Therefore, T, ! is used as a threshold, indicating
the critical value at which the player would like to share knowl-
edge with others. When E > T;, the player makes the decision to
share knowledge, otherwise, the player is considered to be profit-
driven. Consequently, the player pursues the maximized profit by
imitating a neighbor. For example, player i chooses to update its
strategy S; by learning the strategy S; from the neighbor j, who is
chosen randomly, with a probability given by the following Fermi
rule [60]:

1

W(Si eSj) = W
m

3)

where p characterizes the bounded rationality or uncertainty
of the player during the course of making the decision. ©— 0
(u — o0) denotes the completely deterministic (random) learning.
Here, u = 0.1 is set as in Ref. [60]. Additionally, ; — 7; represents
the difference of payoffs between player i and player j. Notably,
these two players acquire payoffs in the same way.

2.2. Model 2: reward mechanism

Rewards may vary and can be used at all levels of human orga-
nizations to enhance cooperation, from gift giving to teamwork re-
warding, and from community to international organizations [31].
Accordingly, in Model 2, a sum of bonuses is offered to the player

T For each type of the players, the initial values of T, are set as this: for player CA,
we assume his propensity E > T;, since he seeks cooperation rather than competi-
tion [61]; for player CT, we let his propensity E = T, as cooperative behavior always
emerges in PGG although defection is an optimal strategy [62]; and for player HO,
we set his propensity E <T,, given free riding is the personal strategy that yields
the best outcome for employee [19].
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when the player shares knowledge with others for a certain num-
ber of times. §; denotes the bonus and 7 indicates the cumulative
times for which knowledge sharing occurred. Thus, the payoff ob-
tained by each player is calculated as follows:

Z e'cm
wl=3 (rk']"jil -G ) +6& (4)

jefy
2.3. Model 3: punishment mechanism

In Model 3, cost is added by giving the player a penalty when
the player hoards knowledge for a certain number of times, as the
player may instead choose a cooperative strategy to avoid losing
profit. 6, denotes the fine and t, indicates the cumulative times
for which knowledge hoarding occurred. Consequently, the payoff
obtained by each player is summed as follows:

e (e Cn
77:1' = Z (Tk]_i__l _Cl —82 (5)

Jjed
2.4. Model 4: mixed mechanism

In Model 4, both reward and punishment mechanisms are
adopted simultaneously by following the same rules of Model 2
and Model 3. In this case, the payoff obtained by each player is
calculated as follows:

S e
T _Z<rkj+1_ci +681 -6 (6)

Je2
3. Simulation results and discussions

Java programming language was used to simulate the evolution
processes of knowledge sharing. All simulations were conducted
on a network with N = 1000 and a,, = 36. To ensure the reliabil-
ity of the evolutionary results, a large number of simulations are
conducted. Each data point is obtained by averaging 20 indepen-
dent runs with 10,000 time steps for each. A representative index
to characterize the knowledge sharing behavior is the fraction of
knowledge contributors (6), defined as the ratio of the knowledge
contributors to the total number of players. Initially, & = 0.5.

3.1. Incentive mechanisms

In this section, punishment, reward, and mixed incentive mech-
anisms are compared to identify whether reward or punishment
better facilitates knowledge sharing. Additionally, simultaneously
adopting reward and punishment mechanisms, in the mixed mech-
anism, is considered. The simulation results regarding incentive
mechanisms are specifically exhibited as follows.

Fig. 1 aims to characterize the dynamical evolutionary processes
of the fraction of knowledge contributors (8) for four types of in-
centive mechanisms: no incentive (y1), reward (y2), punishment
(¥3) and mixed mechanism (y4). Fig. 1(a) shows the results of y1,
¥2, ¥3, and Fig. 1(b) shows the results of y1, y2, ¥3, y4. In Fig. 1(a),
y2 and y3 are both higher than y1, but the effect of y3 is more sig-
nificant than that of y2. Accordingly, either reward or punishment
can promote knowledge sharing behavior, but knowledge contribu-
tion increases more noticeably with punishment rather than with
reward. Meanwhile, in Fig. 1(b), the green curve (y4) is between
the black curve (y1) and the red curve (y2). Thus, 6 is hardly im-
proved in the mixed mechanism. In other words, the mixed mech-
anism is not a good choice to promote knowledge sharing. Imple-
menting one incentive mechanism can better promote knowledge
sharing than implementing both. Furthermore, punishment is more

effective than reward in sustaining knowledge sharing. This phe-
nomenon may be explained by the prospect theory [63], i.e., losses
cause a greater emotional impact on an individual than does an
equivalent amount of gain.

Since the punishment mechanism facilitates better knowledge
sharing than does the reward mechanism, the punishment mecha-
nism was investigated more deeply. Regarding the effect of a fine
on knowledge sharing, we considered: does a higher fine facili-
tate a higher knowledge contribution? Additionally, the influence
of the frequency of punishment on knowledge sharing was also
investigated. During the simulation processes, different punish-
ment patterns were implemented by adjusting two aspects: chang-
ing the amount of fines (§,) and altering the cumulative times
(t,) a player chooses the hoarding strategy. This means a player
would get the fine §, when the player withholds knowledge for
T, rounds. Fig. 2 indicates the different results of the fraction of
knowledge contributors (6) for different fines (Fig. 2(a)) and differ-
ent cumulative times (Fig. 2(b)).

Accordingly, several conclusions are drawn from Fig. 2: (1) Pun-
ishment can significantly promote knowledge sharing behavior. In
Fig. 2(a), @ improves noticeably after the fine is changed from 0 to
10, 50, 200, and 300. (2) A higher fine does not necessarily yield
a better result. That is, the amount of the fine is nonlinearly re-
lated to the quality of the knowledge shared. As Fig. 2(a) shows, 6
reaches a maximum value when the fine is 50; then, it does not
increase further but remains roughly at the same value when the
fine is higher than 50. Thus, within a certain range, 6 improves as
the fine increases. It is easy to make up for the player’s loss by be-
coming a free-rider when the fine is small. Thus, the payoff-driven
player would like to obtain more benefit from choosing the hoard-
ing strategy even when doing so requires paying a small penalty.
However, the situation changes as the fine reaches a certain level.
When the fine exceeds the benefit from being a free-rider, the
player alters the strategy taken to avoid the big fine, and conse-
quently, the knowledge contribution improves. Nevertheless, 6 has
a maximum value when the fine increases. Thus, a moderate fine
is suggested as the satisfactory choice to promote knowledge shar-
ing with the punishment mechanism. (3) 6 attains a higher equi-
librium state when the frequency of penalty is higher. Fig. 2(b) il-
lustrates the different results of 6 for four values of 7,: 7, =1,
2, 3, and 5, respectively. The lower value of t, represents the
higher frequency of fining. It is shown that 6 achieves the highest
equilibrium status when 1, =1 (black curve). Based on the above
conclusions, the satisfactory solution to facilitate knowledge shar-
ing with the punishment mechanism is to set a high frequency of
punishment with a moderate fine. Nonetheless, punishment is a
kind of negative incentive mechanism that may cause dissatisfac-
tion among employees. Thus, organizations should set an appropri-
ate frequency of punishment (7,) according to their realistic cir-
cumstances.

Next, the reward mechanism is considered as it ignites coopera-
tiveness [64]. Particularly, we investigated whether a bigger bonus
may contribute to a better knowledge contribution. The simulation
results regarding reward mechanisms are exhibited as follows.

Fig. 3 depicts the different results of the fraction of knowledge
contributors (8) for different bonuses. Generally, the change of 6
is not particularly significant when the bonus is adjusted. How-
ever, a moderate bonus can promote contribution better than ei-
ther a high or low bonus. We compare the values of 8 under three
bonuses (Fig. 3(a) and (b)): the bonus equals 10 (black curve), 50
(red curve), and 100 (blue curve). Herein, 6 reaches the highest
equilibrium state when the bonus is 50. The low bonus is not at-
tractive enough for a free-rider to transform into a knowledge con-
tributor. Understandably, the profit-driven player would choose to
hoard knowledge since the benefit from being a free-rider is higher
than the small reward. Similarly, a free-rider converts to a knowl-
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Fig. 1. Time evolution of the fraction of knowledge contributors 6 for different incentive mechanisms. The y1, y2, y3, y4 graphs represent Model 1, Model 2, Model 3,
and Model 4, respectively. Models 1-4 represent four types of incentive mechanisms, respectively: no incentive, reward, punishment, and mixed mechanism. (a) Shows the
results of y1, y2, y3; (b) shows the results of y1, y2, y3, y4. Other parameter settings are as follows: T, = 25, r = 1.8, p; = 0.1, p; = 0.4, p3 = 0.5, #g = ¥, = 0.5, P, = P, = 0.002,
P,=P =058 =50,1=1278,=501,=1
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Fig. 2. Time evolution of the fraction of knowledge contributors 6 for different fines (a) and different cumulative times (7,) of a player choosing the hoarding strategy (b)
with the punishment mechanism. Other parameter settings for (a) are as follows: T, =25, r=1.8, p; =0.1, p, = 0.4, p3 =0.5, ¥y =¥, = 0.5, P, =P, =0.002, P, =P, = 0.5,
7, =1, and for (b): T, =25, r =18, py = 0.1, py =04, p3 =0.5, ¥y =@, = 0.5, P =P, = 0.002, P, =P, = 0.5, §, = 50.

edge contributor when the bonus is high enough. However, when 3.2. Pressures and coworkers’ attitudes

the bonus exceeds a certain range, the process does not work as

hypothesized. In Fig. 3(b), the blue curve is lower than the red
curve, signifying that a high bonus is less effective in promoting
knowledge sharing than is a moderate bonus. Accordingly, the sat-
isfactory solution to promote knowledge sharing with the reward
mechanism is to set a moderate bonus.

In this section, the impacts of time pressure, peer pressure, and
coworkers’ attitudes on the evolution of knowledge sharing behav-
ior are considered.

Fig. 4 explains the influences of peer pressure and time pres-
sure on knowledge sharing. In the absence of other external condi-
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Fig. 3. Time evolution of the fraction of knowledge contributors 0 for different bonuses in the reward mechanism. (a) Shows the different results when bonuses equal 10
(black curve) and 50 (red curve). (b) Shows the different results when bonuses equal 50 (red curve) and 100 (blue curve). Other parameter settings include: T, = 25, r = 1.8,
p1=0.1, p, =04, p3 =0.5, ¥ =¥, =0.5, P, =P, =0.002, P, =P = 0.5, 7; = 1. (For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)
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Fig. 4. Time evolution of the fraction of knowledge contributors 6 under time pressure (P;) and peer pressure (P,). Other parameter settings include: T, = 25, r=1.8,
p1=0.1, p, =04, p3 =05, ¥y =¥, = 0.5, P, = P, = 0.002.

tions, when P, (peer pressure) is equal to P; (time pressure) (green step is close to 10,000. Then, 8 drops sharply to 0, signifying that
curve), 0 is maintained at a stable state of around 20%. This in- P; has an inhibitory impact on 6; however, this affect is not very
dicates that the effects of P, and P; can likely be offset. When strong. Overall, knowledge sharing is easier to promote and main-
P, exceeds P (red curve), & reaches 70% in 100 time steps; after tain when P, exceeds P;, thus partially illustrating the importance

another 100 time steps, 0 achieves the equilibrium state of 100%. of the role of Pp.
Thus, P, has a significant effect on 6, as it can promote the rapid Then, the effect of coworkers’ attitudes on knowledge sharing
increase of 6. Conversely, when P, is less than P; (blue curve), 6 behavior was investigated. Specifically, the roles of N; (the number

is sustained at about 20% for most of the rounds until the time of the players with the personality traits of openness, agreeable-
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Fig. 5. (a): Time evolution of the fraction of knowledge contributors 6 for P, and P,. N, is the number of the players with personality traits of openness, agreeableness,
and conscientiousness; Nj is the number of the players who have greater self-interest. ¢, and ¢, are the percentage ratios for N, and N, among all the players, respectively.
Meanwhile, P, and P, are the influence coefficients of N, and N, respectively, which either facilitate or inhibit knowledge sharing. Other parameter settings include: T, = 25,
r=18, p1 =0.1, p, =04, p3=0.5, fg =0, =0.5, P, =P =0.5. (b) Time evolution of the fraction of knowledge contributors 6 for varying #;. Other parameter settings
include: T, =25, r=1.8, py =0.1, p, =04, p3 =0.5 P, =P, =0.002, P, =P =0.5, 0, + ¥, = 1.

ness, and conscientiousness), N, (the number of the players who
have greater self-interest), P, (the influence coefficient of Ng), and
Py (the influence coefficient of Ny) are considered in the PGG. For
the convenience of explanation, ¥, and ¢, are defined as the per-
centage ratios for N; and N, among all the players, respectively.
Fig. 5(a) indicates the influences of P, and P, on knowledge shar-
ing; the result shows that P, (the promotion effect) has a stronger
influence on 6 than P, (the inhibition effect). Thus, P, contributes
to the quick improvement of #, which achieves an equilibrium
state of 100%. Fig. 5(b) demonstrates the impacts of ¢, and ¢, on
knowledge sharing. When ¢, = @, = 0.5, 8 remains at a stable sta-
tus of approximately 20% (black curve). For the next step, the value
of @, is altered to O, 0.1, and 0.3 respectively (green, red, and blue
curves, respectively); contributions die gradually, and finally, all the
players turn into free-riders as the time steps reach 63, 78, and
136, respectively. Alternatively, when ¢, is set to equal 0.55 and
0.6, respectively, the knowledge sharing strategy is adopted by all
players after only a few rounds, and 6 quickly achieves the equi-
librium state of 100%. Therefore, the facilitating effects from the
work environment have important influences on knowledge shar-
ing; they can influence 6 to grow rapidly and reach an equilibrium
status of 100%. The effects of P, and @4 on 6 are stronger than that
of P, and @, signifying the relative ease with which knowledge
contribution can be improved and maintained when P, is bigger
than P, or when ¢, is bigger than .

3.3. Other parameters

To analyze the models comprehensively, other important pa-
rameters, including r (the synergy factor) and p; (the percentage
of CA, knowledge contributor with altruistic intention), need to be
tested. The simulation results are elaborated upon in the following
content.

Fig. 6 illustrates the effects of different values of r (synergy fac-
tor) on knowledge sharing. Four cases are compared here, when
r is set to be 1.2, 1.8, 3, and 5, respectively. As shown, 6 reaches
its highest point when r = 3 (blue curve), signifying that optimal

45 ¢ S — S ——— ey

r
r
r
r

[ S AL
% to

107
time step

10°

Fig. 6. Time evolution of the fraction of knowledge contributors 6 for different
values of r (synergy factor). Other parameter settings include: T, =25, p; = 0.1,
p2 =04, p3 =0.5, ¥y =0, =0.5, b =P, =0.002, P, =P = 0.5.

value of r (= 3) exists, allowing the evolution to achieve its high-
point.

As a minimal number of cooperators are needed to elicit coop-
eration [52], a deeper investigation into the influence of CA play-
ers on promoting knowledge sharing is still needed. As in Fig. 7,
6 could be greatly increased as p; is increased, suggesting that pq
has a significant effect on 6 and can promote the rapid increase of
0.
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4. Conclusion

Previous studies have elucidated that both punishment and re-
ward can improve knowledge sharing to some extent; however,
which one better encourages knowledge sharing has been debat-
able. Additionally, the ability of either a higher fine or a higher
bonus to lead to a better knowledge sharing performance has re-
mained largely uninvestigated. Therefore, we analyzed the knowl-
edge contribution behavior by introducing four models of a PGG
followed by the following incentive mechanisms: no incentive
mechanism, a reward mechanism, a punishment mechanism, and
a mixed incentive mechanism. Each model was used to simulta-
neously consider the effects of difficult pressures and coworkers’
attitudes in the work environment. With a Java simulation, the fol-
lowing conclusions were ascertained:

First, either punishment or reward can promote knowledge
sharing behavior; however, punishment can lead to a much bet-
ter performance than reward. Contrary to what was expected, the
mixed mechanism is not as effective as either punishment or re-
ward in facilitating knowledge sharing. Second, the amount of a
fine is nonlinearly related to the knowledge sharing performance.
Within a certain range, 0 improves as the fine increases; however,
6 reaches a maximum value when the fine reaches a certain level.
Accordingly, a moderate fine is suggested as the most satisfactory
choice to promote knowledge sharing with the punishment mech-
anism. Additionally, knowledge sharing can attain a higher equilib-
rium state when the frequency of penalty is higher. Nonetheless,
punishment is a kind of negative incentive mechanism that may
cause dissatisfaction among employees. Thus, organizations should
set an appropriate frequency of punishment according to their re-
alistic circumstances. Third, the change of 0 is not particularly sig-
nificant when the bonus amount is adjusted; however, a moderate
bonus can promote knowledge contribution better than either a
high or low bonus. Thus, the most satisfactory solution to promote
knowledge sharing with the reward mechanism is to set a moder-
ate bonus. Fourth, the influences of peer pressure, time pressure,
and coworkers’ attitudes on knowledge sharing were investigated,
wherein they all demonstrated crucial roles in knowledge sharing
behavior. Furthermore, it is easier to improve and maintain knowl-

edge contribution under three conditions: (1) when peer pressure
is stronger than time pressure, (2) when the attitude of sharing
from coworkers is stronger than that of hoarding, and (3) when the
number of players who have personality traits of openness, agree-
ableness, or conscientiousness is greater than that of those with
greater self-interest. Lastly, the synergy factor r and the number
of CA players both have important influences in promoting knowl-
edge sharing. Moreover, there exists an optimal value r (= 3) that
allows the evolution to achieve its highest point.

From the above conclusions, the following management sug-
gestions are proposed to promote knowledge sharing in an orga-
nization. First, it is necessary to create an open and caring or-
ganizational climate, as such an environment is essential to en-
couraging knowledge sharing. Organizational climate refers to an
organization’s value system in terms of risk taking, reward sys-
tems, and providing a warm and supportive environment [65]. A
good climate can facilitate knowledge sharing [66] for several rea-
sons: (1) It encourages interaction among individuals and, conse-
quently, the exchange of learning and knowledge. (2) It helps to
reduce the cost of communication between employees while en-
hancing the synergy factor of knowledge sharing. (3) The influ-
ence of the group norm or subjective norm, such as peer pressure,
can prompt employees to adopt the strategy of knowledge shar-
ing. Secondly, to more effectively overcome the knowledge sharing
dilemma in an organization, punishment should be adopted rather
than reward. However, a higher fine or higher bonus does not in-
duce better knowledge sharing. Rather, a moderate fine or bonus
is the more satisfactory choice for the organization to promote
knowledge sharing. Thirdly, leaders should pay more attention to
an individual's personality trait. Different personality traits tend
to exhibit different behaviors and attitudes; namely, whether an
employee has a facilitating or inhibiting attitude towards knowl-
edge sharing is related to the individual’s personality. Additionally,
different personalities are perhaps better suit a different level of
pressure. If leaders could provide the appropriate level and type
of pressure based on an individual’s personality trait, employees
may be better encouraged to share knowledge and thus create a
better learning environment. Lastly, it is beneficial to help employ-
ees deal with time pressure while reducing the negative impact of
time pressure. This not only promotes knowledge sharing, but also
ensures the physical and mental health of employees. Therefore, it
is conducive to the overall wellbeing of employees, and thus the
development of the competitive advantages of an organization. Ul-
timately, this work informs the use of incentive mechanisms in the
workplace and seeks a further understanding of workplace pres-
sures that impact knowledge sharing.
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