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Abstract. Research on routines replication has rapidly grown in recent years. 
By conceiving digital artifacts as certain templates the replication strategy, this 
paper formalizes the complex interplay between component actions undertaken 
by human and material agencies based on Kauffman’s NK theory, and employs 
an agent-based approach to model the internal dynamics and processes underly-
ing routines replication from sites to sites within a decentralized organization. 
The simulation results show that: (1) when there are loose coupling relations of 
actions within and between the human and material agencies, the automation 
level of digital artifacts positively influences the behavioral synchrony but neg-
atively affects the performances of the whole organization; and (2) striving to 
achieve the harmony between organizational tasks and the design of digital arti-
facts seems necessary for the success of the replication strategy. Consequently, 
this work not only theoretically contribute to a better understanding of routines 
replication dynamics, but also shed light on organizational design and the use of 
digital artifacts for routines replication practices in the upcoming digital age. 
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1 Introduction 

Routines provide the ubiquitous means for participants to repetitively finish their 
organizational tasks through a stably standardized and consistent way, and they hence 
function as repositories of organizational memory, skills and tacit knowledge that 
constitute the sustained competitive advantage routines [1]. Some researchers ad-
dressed that organizations often endeavor to replicate those routines as ‘best practices’ 
throughout geographically distributed environmental settings to sustain profitability 
and competitive advantages [2-4]. In this sense, applying existing successful routines in 
new contexts is normally considered as an important value-creating strategy [2,3,5,6]. It 
is particularly the truth for retail chains and franchising organizations [7,8]. 

One underlying assumption of the replication strategy is that the core knowledge 
assets of a routine can be communicated and transferred from one unit to another, and 
then be reutilized into the new practices [3,9]. Existing literature claimed that templates 
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(i.e., working examples) are essential for replicating routines [2,10,11]. However, re-
searchers have primarily focused on either the transfer efficacy or tensions between 
copying the template exactly and adapting it; we still know little about whether and 
how templates actually do affect the learning process regarding the practices being 
transferred [3,7]. Furthermore, recent advances in digital technology offer rich grounds 
for studying the role of artifacts and materiality in routine performances [12]. For ex-
ample, [13] and [14] explored the use of digital artifacts in reconfiguring and extend-
ing existing routines; and [15] showed that human-executed routines can be trans-
formed into automated machines by using digital technology such as software robots 
and intelligent machines. In this context, this paper concerns the research question: 
what would happen when using digital artifacts as templates for replicating routines 
across the intra-organizational boundary? 

In this paper, I create an NK-based landscape based on Kauffman’s theory [16] to 
formalize the complex interplay between component actions undertaken by human 
and material agencies, and construct an agent-based model of the micro-dynamics and 
processes underlying routines replication activities. Leveraging the simulation data, I 
analyze and identify the impact of digital artifacts on routines replication dynamics. I 
believe contributions of this work are twofold: (1) it theoretically contributes to a 
better understanding of routines replication dynamics; and (2) it shed light on organi-
zational design and the use of digital artifacts by managers and practitioners.  

The rest of this paper is organized as follows. Section 2 briefly summarizes the 
literature on routines replication and the roles that digital artifacts play, providing 
sufficient backgrounds information for the research work. Section 3 then presents the 
design of the model. The subsequent section 4 shows the experimental design and 
simulation results. And section 5 is the conclusions. 

2 Theoretical backgrounds 

2.1 Routines replication 

The term replication relates to an organization’s attempts to reproduce the outcome of 
an existing activity through multiple geographically distributed locations [17,18], thus 
allowing the organization to reutilize knowledge which is already in use. At the heart 
of the replication strategy is to transfer a routine across different intra-organizational 
units while pursuing its similarity in significant aspects [3,10]. However, any mismatch 
between those newly created routines and the new contexts imposes the so-called 
‘replication dilemma’ [2]. The fact is that, routines are always fixed in specific organi-
zational and technological structures [19]. The contexts-dependence of routines re-
quires that the recipient units not only (re)create the same ‘best practices’ from part-
ners, but also exploit and explore to ensure the newly created routine being flexible 
and adaptive enough to the new place with subtle differences and multiplicity [5,6].  

Various templates are often used throughout the life cycle of the replication 
strategy [2,7,10,11]. A template here is defined as a specific working example that con-
tains some critical aspects of the routine and portrays in detail ‘how the work gets 
done, in what sequence, and how various components and subroutines are intercon-



nected’ [11]. By explicitly codifying and representing the core knowledge assets like 
rules and procedures embedded in the original routines, these templates guarantee the 
similarity of newly created routines in significant aspects and facilitate transferring 
the core valuable knowledge of routines from sites to sites [10,11], helping preserve the 
value of replicating routines across the intra-organizational boundary.  

Additionally, real routines are usually the products of interactions between hu-
man and material agencies which closely intertwin to repetitively accomplish their 
organizational tasks [5,20-22]. This indicates the two distinct sources of knowledge be-
ing involved when using templates to (re)create routines [7]: one is the knowledge 
encoded and represented in the templates themselves being duplicated from sites to 
sites; the other one is the knowledge of individual and organizational experiences in 
implementing those templates at the new sites. Nonetheless, both the two forms of 
knowledge accumulate simultaneously with learning and improved performances. 
 
2.2 Digital artifacts as templates  

A routine is commonly defined as some repetitive, recognizable pattern of interde-
pendent actions carried out by multiple actors [17]. There is evidence that the materiali-
ty of artifacts as artifactual representations usually embodies a set of rules or proce-
dures that provide guidance and control for the routines’ enactment by facilitating 
certain courses of actions but making the others more difficult at the same time [23-25]. 
Current technological advances make digital artifacts such as software robots and 
intelligent machines become increasingly able to augment human actors and their 
agency, thus promising to radically reshape the enactment of routines [26], and/or even 
transform human-executed routines into automated machines [13,15,27]. The paper here-
in considers those digital artifacts that take actions to collaborate with human actors in 
accomplishing organizational tasks, and confirms that they can reposit organizational 
knowledge and skills, and serve as specific templates in implementing the replication 
strategy across the intra-organizational boundary, as illustrated in Fig. 1.  

That is, the development of digital technology has made it possible to encode the 
core knowledge of routines in some distributed, network-based collections of both 
human and non-human actants [28,29], allowing the organization to transfer knowledge 
via duplicating digital artifacts and hence promise value creation across the organiza-
tion. Whereas the core knowledge of routines which are replicable and worthy of 
replicating must be acquired by the recipient unit through learning behaviors due to its 
incompleteness nature [30] – i.e., the knowledge itself does not strictly determine indi-
vidual choices and behaviors; rather, human actors can always operate discretion in 
interpreting those rules and procedures. It thus leaves freedom to adapt the newly 
created routines to the new similar but different environmental settings.  

Two foundational learning mechanisms dominating such the adaptation process 
include: (1) human actors learn from digital artifacts as templates which encode and 
represent the valuable knowledge of the original routines; and (2) they learn from 
their own experiences triggered by implementing such new practices [7]. This implies 
that participants in the recipient unit can explore to dispose new digital artifacts and 
incorporate into those automated actions by imitating from the sending unit; or they 
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exploit their experiences to change existing actions or even integrate new actions to 
collaborate with their smart workmates [31]. Moreover, mutual learning activities occur 
between an organization and its individuals [32,33]. This means that the organization 
can learn from its high-performance units, and it hence utilizes the organizational 
knowledge to coordinate the duplication between geographically distributed subordi-
nates vis-à digital artifacts as templates. 
 

 
Fig. 1. Replicating routines vis-à digital artifacts as templates 

3 The model 

3.1 The task environment 

The paper supposes that there is a decentralized organization composed of M branch-
es which are distributed on a lattice and are randomly linked with their partners. Each 
branch agents consists of several human actors with a bundle of digital artifacts. Both 
the human and nonhuman actants intwine and they repeatedly accomplish a given 
organizational task. Further, the organizational task for every branch agent can be 
expressed as a vector of N component actions. Let Nd to denote the number of com-
ponent actions being undertaken by digital artifacts (0 ≤ Nd ≤ N), and the variables 
ai

(d) and aj
(h) to represent component actions undertaken by material and human agen-

cies, respectively (0 ≤ l ≤ Nd; Nd + 1 ≤ j ≤ N). When Nd = 0, it represents that the or-
ganizational task is completely accomplished by human actors; while at the other end 
of the spectrum, Nd = N implies the situation that the organizational task is automated-
ly executed by digital artifacts. For each component action, two states being noted as 
0 or 1 are randomly assigned to represent two different choices for the actants to cope 
with the sub-tasks they face. All the component actions make up some patterned se-
quences being conceived as actual performances of the routine that we concern. 



I use the NKCS model [34,35] to formalize the interdependent relations between 
those component actions of an organizational task as that: (1) the performance of each 
action undertaken by human actors depends on not only this action’s own state, but 
also the states of K (0 ≤ K ≤ N – Nd – 1) other human executed actions and C (0 ≤ C ≤ 
Nd) machine-automated actions; and (2) the performance of each action undertaken by 
digital artifacts is rigid and just determined by its own state. For every organizational 
task, the interdependent relations between its component actions taken by either hu-
man or non-human actants are randomly assigned [16]. 

However, all branch agents within the organization usually share some common 
goals, and they are hence ‘more or less similar to each other’ [36]. In this case, I follow 
Kauffman’s NK theory [16] and use the ρMNK algorithm [37] to create M landscape 
matrixes with pairwise correlations ( ), ',corr ,i s i sf a aρ  =  

 ( ( ) ( )
, ',, a ah d

i s i sa a ∈ ∪ , 0 ≤ s ≤ N 

and 0 ≤ i, i’ ≤ M) representing the closeness between task environments of different 
branch agents. We have that ρ∈[0, 1] and that the higher the ρ value is, the higher is 
the similarity between those niches that all branch agents live in.   

Next, the performance of every branch agent is defined to equal to the average 
value of the performance contributions of all those component actions undertaken by 
human and material agencies within it, and the performance of the whole organization 
can be expressed as the average value of the performances of all the branch agents. 

( )( ) ( )( )
1 1

1
, ,

d

i
d

N N
d h

agent i l i j
l j N

f f a f a
N = = +

 
= + 

 
∑ ∑    (where, 0 ≤ i ≤ M)                      (1) 

( ) ( )( ) ( )( )
1 1 1 1

1 1
, ,

d

i
d

NM M N
d h

agent i l i j
i i l j N

performance f f a f a
M M N= = = = +

 
= = + ⋅  

∑ ∑ ∑ ∑                      (2) 

 
3.2 Agents and activities  

This model assumes all the branch agents as autonomous and heterogeneous, and they 
are bounded rational to pursue to optimize their performances being defined in equa-
tion (2). This implies that the branch agents have the motivation to communicate and 
replicate routines as ‘best practices’ from partners throughout the organization. Fig. 2 
summarizes the flowchart of the simulation design. At each simulation tick, the or-
ganization as an aggregate would search for the branch agent with the highest perfor-
mance. It then encodes this branch agent’s use of digital artifacts as the global code or 
knowledge to coordinate the replication of subordinates. However, replication by 
duplicating digital artifacts as templates are often subject to either internal or external 
constraints. It hence involves a trade-off between exploration and exploitation in that 
branch agents need to decide how their limited resources are allocated [38].  

Meanwhile, the branch agents repeatedly explore to dispose some new digital ar-
tifacts to replace the already existing ones with a probability pdisp (0 ≤ pdisp ≤ 1) to 
pursue to improve their actual performances. This can be realized through two distinct 
approaches – i.e., the branch agents can rationally utilize the organizational code or 
knowledge to duplicate the global optimal strategy, or they can communicate and 
exactly copy the digital artifacts from partners. The branch agents’ possibility to 
change their digital artifacts based on the organizational code or knowledge is denot-
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ed as δsoci (0 ≤ δsoci ≤ 1), which reflects the effectiveness of socialization [32]. Nonethe-
less, individuals of the recipient unit are required to learn from the knowledge in digi-
tal artifacts as templates and cooperate with those new artificial workmates.  

When certain digital artifacts have been copied and disposed, individuals in the 
recipient unit are then triggered to learn from experiences and adjust the actual actions 
aiming at adapting to their own niches and improving performances – e.g., they might 
(re)interpret the digital artifacts to gain new understandings and knowledge. This 
allows the branch agents to change their existing actions or even integrate new actions 
into the newly created routines by exploiting their own experiences.  
 

 
Fig. 2. The flowchart of branch agents during the simulation runs 

4 Simulation design and results 

4.1 Simulation design 

The simulation model is constructed by using the NetLogo software (see details at: 
https://ccl.northwestern.edu/netlogo/). Several software engineering techniques such 
as structured code walkthroughs and unit testing are employed to ensure that the mod-
el is comprehensively verified. Based on a series of sensitivity analysis and robustness 
testing results, I run the simulation program with the following two experimental 
scenarios. First, I let Nd = 2, 4, 6 and 8 and keep the other input settings as the default 
values shown in Table 1 to explore the role of digital artifacts during the organiza-
tional learning and routines replication processes (Scenario I). Second, I compare 
configurations of parameters K and C values (see in Table 2) to identify the impact of 
the characteristic of organizational tasks (Scenario II).  
 

https://ccl.northwestern.edu/netlogo/


Table 1. Input settings of the simulation model 
The parameter Value(s) * Description 

M 16 Number of branch agents involved in the organization. 
N 10 Number of component actions for the organizational task. 
Nd [2, 4, 6, 8] Number of component actions undertaken by digital artifacts (0 ≤ 

Nd ≤ N); in contrast, the value of N – Nd denotes the proportion of 
component actions undertaken by human actors.  

K [1, 3, 5] Connections between component actions by human actors (0 ≤ K 
≤ N – Nd – 1). 

C [1, 3, 5] Connections between component actions by human actors and 
that by digital artifacts (0 ≤ C ≤ Nd). 

ρ [0.85, 0.95] The closeness or similarity of task environments between differ-
ent branch agents (0 ≤ ρ ≤ 1). 

pdisp [0.01] Probability for branch agents to explore and dispose some new 
digital artifacts to replace their existing ones (0 ≤ pdisp ≤ 1). 

δsoci 0.1 Probability for branch agents to utilize the organizational code or 
knowledge to duplicate the global optimal strategy (0 ≤ δsoc ≤ 1); 
otherwise, they communicate and exactly copy artificial artifacts 
from partners with the probability 1 – δsoc. 

* Note: the underlined values represent the default settings of input parameters. 
 

Table 2. Configurations of K and C values as input settings of Scenario II 
Nd = 2 Nd = 4 Nd = 6 Nd = 8 

K C K C K C K C 
1 1 1 1 1 1 1 1 
3  3 3 3 3  3 
5  5   5  5 

 
Two aggregate measures are used in the model to evaluate the simulation out-

puts. The first measure refers to the organizational performance as defined in equation 
(2). This serves as an important indicator of the outcome of branch agents by under-
taking the action sequences repetitively. The second measure refers to the synchrony 
level, or similarity of action sequences between different branch agents. For any two 
branch agents i and j (1 ≤ i, j ≤ M and i ≠ j), at each simulation tick, the pairwise co-
sine similarity of their action sequences can be defined as 
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  (where π = h, d)              (3) 

Next, the average of all the pairwise similarity values between branch agents are 
utilized to represent the behavioral synchrony of the whole organization, 

( )( ) ( )
1

1 1
2 1,

M M

i j
i j i

synlevel synlevel M M
−

= = +

= ⋅ ⋅ −∑ ∑                                   (4) 

 
4.2 Simulation results 

For each simulation scenario as aforementioned, I set the number of simulation runs 
as 300 by using the ANOVA test technique to prevent under-/over- powering of the 
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simulation results. I keep every simulation run lasts 40000 simulation ticks that is 
sufficient for the routines system to converge into a stable status, and calculate mean 
output values for each input parameters configuration over all simulation runs.  

The simulation results of Scenario I as shown in Fig. 3 reveal that, when there 
are loose coupling relations of actions within and between the human and material 
agencies (e.g., K = C = 1), it is hard for the newly disposed digital artifacts to trigger 
the exploitation and experiences-based learning activities in the recipient unit. In this 
case, if much more human-executed actions are transformed into automated machines 
(i.e., Nd values vary from 2 to 8), the rigidity of those digital artifacts would constrain 
the participants’ search spaces and delimit their autonomy in decision-making. This 
largely restricts the variety of strategic solutions during the organizational learning, 
leading to a high behavioral synchrony level between branch agents (see in Fig. 3a) 
but suboptimal performances of the whole organization (see in Fig. 3b). 

Furthermore, it was proved that although the high technological distance be-
tween branch agents increases the novelty and value of knowledge being exchanged 
across the organization, it preclude the mutual understanding required to utilize the 
valuable knowledge embodied in the newly copied digital artifacts as templates [39,40]. 
This elaborates not only the postponement of the organizational learning process (see 
in Fig. 3a), but also the decrease of organizational performances (see in Fig. 3b). 
 

(a)    (b) 
Fig. 3. Simulation outputs of Scenario I 

(a) the behavioral synchrony level; (b) the organizational performance 
 

Next, simulation results of Scenario II as shown in Fig. 4 demonstrate that in-
creasing the stickiness between human-executed actions (e.g., K values vary from 1 to 
5) makes it difficult for participants in the recipient unit to progressively exploit and 
adjust their actions to collaborate with the newly disposed digital artifacts. Such a 
resistance to change individual actions, to some extent, negatively influences both the 
behavioral synchrony level and organizational performances. Whilst increasing the 
stickiness of actions between human and material agencies (e.g., C values vary from 1 
to 5) has no significant effects on the behavioral synchrony level as the simulation 
output (see in Fig. 4a). But there exists certain intermediate C value which can yield 
optimal performances for the whole organization (see in Fig. 4b). The reasons might 
be that: very loose coupling relations between actions of both human and material 
agencies make it hard for participants in the recipient unit to switch to the exploitation 
and experiences-based learning activities triggered by the newly disposed digital arti-



facts as templates; in contrast, too tight coupling action relations also impede partici-
pants from improving their performances step-by-step through exploitative and expe-
riences-based learning activities [4,41]. It hence confirms that pursuing to substitute 
machines for human beings is not always an ideal strategy for organizational opera-
tions. Hence, a trade-off should be made regarding the complex interplay between 
human and material agencies in the organization design practices. 

Additionally, curves in Fig. 4 imply that the impact of parameter Nd values pat-
terns similarly with several configurations of K and C values – which to some degree 
also verifies the robustness of the simulation outputs against different input settings. 
However, an exception is K = 3 and C = 1 (see in Fig. 4b) – when the routines system 
behaves much more complicated and further detailed discussions are needed. 
 

(a) 

(b) 
Fig. 4. Simulation outputs of Scenario II 

(a) the behavioral synchrony level; (b) the organizational performance 

5 Conclusions 

In this paper, I consider digital artifacts as certain templates in routines replication 
across the intra-organizational boundary. I formalized the complex interplay of com-
ponent actions undertaken by human and material agencies based on Kauffman’s NK 
theory [16], and employ an agent-based approach to model the micro-dynamics and 
processes underpinning routines replication practices. The conclusions are that: (1) 
when there are loose coupling relations of actions within and between the human and 
material agencies, improving the automation level of digital artifacts would enlarge 
the technological distance between the sending and recipient units. It hence leads to 
obstacles for the mutual understanding necessary for participants to absorb and utilize 
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the valuable knowledge embodied in the newly disposed digital artifacts as templates 
of ‘best practices’ [39,40]. This implies that much more attention should be paid to the 
actual disposition of newly developed digital artifacts which have taken on agency, 
rather than just fulfil a supporting function, in routines replication dynamics [15,31]. 
And (2) there are prevalent interrelations between the component complexity and 
near-decomposability of organizational tasks on the one hand, and the design of digi-
tal artifacts on the other. Such intertwining relations request practitioners to consider 
the decomposing characteristic of their organizational tasks when incorporating the 
material agency in replicating routines [42]. The paper proves that there exists some 
optimum configurations of the parameter K, C and Nd values which can lead to the 
best organizational performances. It’s hence worthy to pursue the harmony between 
organizational tasks and the design of digital artifacts to provide guidelines for rou-
tines replication practices in the upcoming digital age. 

Some rigid limitations of this research are that: first, either the simulation model 
or the analyzing results are theoretically driven, requiring empirically grounded veri-
fication and validation to capture the natural world of organizational routines [43]; 
second, the model considers only those digital artifacts that can reposit organizational 
knowledge and skills, and taking actions to collaborate with human actors; and third, 
some influential factors like the human-machine trust [44,45] can be involved and deep-
ly investigated when extending this simulation model in the future work.  
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