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Abstract: Managers face conflicting demands on the organization: one to cut costs and improve quality by reducing 
variance in present processes, and the other to be creative, innovative, adaptable, and flexible and to try out new processes. 
The former consists of exploitative learning, or refining present knowledge, and the latter consist of explorative learning, or 
seeking out new knowledge. While large sample studies show support for the theory that exploitative learning improves 
organizational performance, case studies urge managers to adopt explorative learning. The connection between these 
conflicting forms of learning and organizational performance is hypothesized to be moderated by the dynamism of the 
environment. This hypothesis is studied through a computer simulation using intelligent agents to model organizations with 
different strategies for learning. Results indicate that exploitation may be more suited for environments low in dynamism 
while ambidextrous organizations may be more suitable for dynamic environments. 
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I. INTRODUCTION 
 
Management literature is awash with 
recommendations to improve quality and cut costs 
through initiatives such as Knowledge Repositories, 
Total Quality Management, Six Sigma, Business 
Process Reengineering, zero defects, and ISO 9000. 
At the same time, research and practice urges 
managers to be creative and innovative, to be flexible 
and adaptive, to react swiftly to external events, to 
change rapidly with the times in the new competitive 
environment, and to keep abreast of the latest 
technological advances in each field. These sets of 
strategies may be two very different demands on 
organizational learning. The former consists of 
learning by exploiting an organization’s own current 
knowledge stock, while the latter consist of learning 
by exploring new knowledge in the environment. 
  
Exploration involves searching, experimenting, 
discovering and innovating, while exploitation 
involves refinement, efficiency, selection and 
execution [19]. Exploitation and exploration are two 
fundamentally different approaches to organizational 
learning [16]. They are opposing forces, exploitation 
creating a centripetal force while exploration creates 
a centrifugal force within the organization [28]. 
Adaptation requiring innovation involves creating 
variety and increasing variance instead of tightening 
around the mean [20]. Innovation is risky and 
expensive [29], and empirical results show that 
innovation is a chaotic process [8]. Organizations that 
focus on explorative learning at the cost of 
exploitative learning gain new knowledge but are 
unable to develop those new ideas and benefit from it. 
On the other hand, organizations that focus on 
exploitative learning at the expense of explorative 
learning may be stuck in suboptimal local 
maxima[19]. Developing new knowledge and 
exploiting current competencies are competing goals 
[17].  

It has therefore been argued that organizations need 
to make a choice between exploitative and 
explorative learning [17], [19], [23] as it is a trade-off 
between continuous improvements within a fixed set 
of external conditions and continuous 
reconsiderations of the initial conditions [13]. 
Evidence from a large-sample longitudinal study 
indicates that increasing use of process management 
activities may be increasing exploitative learning at 
the expense of explorative learning [5].  
 
Hence, organizations face a dilemma on the choice 
between exploitative learning and explorative 
learning. Contingency theory posits that the relation 
between organizational choice and organizational 
performance is moderated by the environment. This 
has been a recurring theme in the previously 
mentioned studies on exploitative and explorative 
learning. Therefore, we would need to study the 
environment to understand its role in organizations’ 
learning strategies.  
 
The environment is posited to have three primary 
dimensions: munificence, dynamism, and complexity 
[11]. Munificence is defined as “the extent to which 
the environment can support sustained growth”. 
Dynamism is “change that is hard to predict and that 
heightens uncertainty for key organizational 
members”. Complexity is “the heterogeneity and 
range of an organization’s activities”. Considerable 
support has been found for the three dimensions of 
munificence, dynamism and complexity [27] 
Environmental dynamism and environmental 
complexity has been shown to moderate relations 
between strategy decision process variables and firm 
performance [25], [27]. For this study, environmental 
dynamism is hypothesized to have an important 
moderating role between exploitative or explorative 
learning and organizational performance. 
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II. HYPOTHESIS DEVELOPMENT 
 
It may be argued that process management activities 
are more beneficial in stable environments while they 
are fundamentally inconsistent with dynamic 
environments [4]. In periods of low dynamism, an 
organization may be able to refine its learning 
through exploitation and improve its performance by 
reducing its variance. Minimal exploration may be 
needed to look beyond the boundaries of its current 
knowledge for an organization to verify if it may 
benefit from new knowledge. However, additional 
exploration in a stable environment may be wasteful 
of the organization’s resources and may induce 
unnecessary variance into the organization’s 
performance. Once an organization refines its current 
knowledge, it receives incremental returns on its 
learning, and waste is decreased to a minimum. 
Therefore, we arrive at Hypothesis 1.  

Hypothesis 1:  Exploitative learning is 
associated with higher performance than explorative 
learning in environments with low dynamism.  
However, in environments that are dynamic, refining 
an organization’s present knowledge may not be 
sufficient as the knowledge may change radically. In 
such a situation, double-loop learning [3] may be 
more suitable. With double-loop learning the 
organization questions its own knowledge, the 
assumptions on which it was based, and searches for 
alternatives. This search for alternatives may be 
facilitated through explorative learning, in which the 
organization searches the external environment for 
new knowledge. In addition, organizations that follow 
explorative strategies may be aware of changes in the 
environment sooner than others and may be more 
prepared for the change when it arrives. 
Organizations that explore will have learnt more 
about the external environment and will be in a better 
position to decide what knowledge resources from the 
changing environment it may be able to utilize to 
improve its performance. Hence, we arrive at 
Hypothesis 2.  

Hypothesis 2:  Explorative learning is associated 
with higher performance than exploitative learning in 
environments with high dynamism.  
New organizational forms such as ambidextrous 
organizations [2], [14], [26], [31], [33] may be able to 
manage both exploitative and explorative learning. 
These forms have an exploitative subunit that is kept 
culturally and physically distant from an explorative 
subunit. Top management, however, is tightly 
integrated to provide common direction to both 
subunits. Organizations that balance exploitative and 
explorative learning are associated with higher firm 
performance as evidenced by sample surveys [16], 
[18] and case studies [1], [22]. Such organizations 
may be associated with higher performance as they 
are better equipped to deal with environments with 
both incremental and radical change. In environments 
with low dynamism, the exploratory strategies of 

ambidextrous organizations may bring unnecessary 
variance into an organization’s performance. 
However, in environments with high dynamism, the 
exploitative learning that balances an organization’s 
explorative learning may reduce some of the costs 
associated with dealing with such an environment. 
Therefore, we hypothesize:  

Hypothesis 3:  Ambidextrous organizations are 
associated with higher performance than explorative 
organizations and exploitative organizations in 
environments with high dynamism. 
 
III. METHODOLOGY 
 
Research on environments has mainly been done 
through gathering perceptual data through sample 
surveys, or through secondary archival data. Such 
research suffers from three problems: the 
dimensionality of environmental constructs, 
measurement of environmental variables, and 
limitations of predictive validity [12]. Environmental 
variables have been measured through both 
perceptual and archival data, and these measures 
show great divergence [6], leading to serious 
concerns regarding the validity of these studies.  
[21] argues that while conducting research it is 
always desirable to maximize A) generalizability of 
the evidence over populations, B) precision of 
measurement of the behaviors and precision of 
control over extraneous factors that are not being 
studied, and C) realism of the situation and context in 
relationship to the context that you want your 
evidence to refer to. However, no research 
methodology can provide all three desiderata, as all 
methodologies are flawed in one or more of the three. 
Therefore, studies using different methodologies help 
research to come closer to gaining a deeper 
understanding of the true nature of a problem. 
Research that uses sample surveys and archival data 
maximizes concern with sampling of the population 
units to be studied. This methodology maximizes 
generalizability but sacrifices realistic context and 
measurement precision. In this study, the computer 
simulation methodology is used to address the 
limitations of sample surveys and archival data 
studies.  
Computer simulations attempts at modeling concrete 
systems and reaches compromised middle ground 
levels of generalizability and realism of context. This 
study uses an agent-based model in which intelligent 
agents simulate organizations. Each organization 
searches an environment with the goal of increasing 
its returns from the environment. Each agent learns 
about its environment using exploitative and 
explorative learning. 
 
3.1. Agents 
Each agent has private and public properties. Its 
position in the environment on the x plane is public 
and its position on this plane is visible to other 
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agents. However, the return it obtains from this 
position, i.e., its position on the y plane, is private. It 
stores in its memory a list of the points on the 
environment it has learned about, and the returns it 
has obtained from them. Each agent follows a 
particular strategy for learning, and explores with a 
constant probability which may vary between zero 
(completely exploitative) and one (completely 
explorative).  
Based on this probability, at each time period, each 
agent decides to either exploit or explore. If it 
exploits, it picks a point in its immediate vicinity 
limiting itself to its current knowledge stock. As the 
complexity of the environment represents the 
different bodies of knowledge in the environment, the 
agent limits itself by a function of the complexity of 
the environment. It moves to the new state, and stores 
it in memory. It then compares its new state to its 
previous state. If its present state offers better returns, 
it remains there; and if its previous state offered 
better returns, it moves back to it. If the agent decides 
to explore, it picks a point at random in the 
environment and moves to it. The agent then does a 
similar comparison of the present state with its 
previous state, and chooses between the two based on 
the returns each point offers. 

 
3.2. Environment 
The environment has three properties: complexity, 
dynamism, and munificence. Only the first two 
properties were manipulated in this study. The 
environment also has an array of the positions agents 
can occupy inside it, and the returns an agent may 
receive by occupying a particular position. The 
environment also has a future state in its memory, one 
that it moves towards.  
The environment was initially modeled as a quasi-
normal distribution around a set of average returns. 
Points in the environment were distributed with a 
sixty-eight percent probability that a position in the 
environment will return a profit that is within one 
standard deviation of the mean. There was a ninety-
five percent probability of obtaining a return within 
two standard deviations of the mean, and a hundred 
percent probability of obtaining a return within three 
standard deviations of the mean.  
However, returns from task environments do not 
usually follow a normal distribution. It is very often 
skewed, with a larger proportion of organizations 
making returns around normal, and just a few 
organizations earning returns significantly above 
average. It may also be more of a uniform distribution 
than a normal distribution, with several organizations 
earning above average returns and several 
organizations earning below average returns. 
Therefore, two other distributions were modeled – a 
skewed distribution and a uniform distribution. The 
skewed distribution has a high probability of offering 
a return around the mean, with a very low probability 
of offering a return much higher than the mean. The 

uniform distribution on the other hand, has equal, and 
large, probabilities of offering returns much above 
average and much below average.  
Environmental dynamism is modeled as following a 
punctuated equilibrium model. The environment is 
usually in a state of relative stability or equilibrium 
but is punctuated by radical discontinuations in the 
equilibrium.  A phase of relative stability is followed 
by one which is marked by change. When the 
environment enters an equilibrium state, it then starts 
moving towards a new future state that is distributed 
in the same skewed or uniform distribution it started 
with. Dynamic environments have more frequent 
punctuations and larger disruption. 
3.2. System 
The system initializes one instance of an environment 
and several instances of agents in the environment. 
For this study, there are three groups of ten agents, 
each attempting to increase returns from the 
environment. Exploitative agents have probabilities 
varying between 0 and 0.1 of picking an explorative 
strategy; explorative agents have 
probabilitiesbetween 0.9 and 1.0 of exploring, and 
ambidextrous agents have probabilities of between 
0.45 and 0.55 of exploring.  
After the system initializes the environment, it 
randomly places the agents onto the environment. 
The agents exploit or explore the environment 
depending on their individual strategies, and the 
environment changes based on its dynamism, 
complexity, and probability distribution.  For both the 
skewed and uniform distribution, environments were 
generated at low complexity and at high complexity. 
These were then tested at low dynamism and high 
dynamism over one thousand runs. 
 
IV. RESULTS AND DISCUSSION 
 
The first set of results deal with environments from 
which potential returns have a skewed distribution, 
and the next set of results deal with environments 
with a uniform distribution of potential returns. 
 
4.1. Skewed Environments 
Skewed environments have global maxima that are 
far above local maxima, as shown in Fig. 1 and Fig. 
4. These were tested at low complexity and at high 
complexity. 

 
Fig.1. Environment with skewed distribution and low 

complexity. (Blue agents follow exploitative strategies while red 
agents follow explorative strategies) 
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Fig.2. Results: Low complexity and low dynamism 

4.1.1 Low complexity:  Environments with low 
complexity have few global maxima and few local 
maxima, as shown in Fig. 1. When these 
environments are low in dynamism, exploitative 
agents perform better than explorative agents and 
ambidextrous agents, but only after a certain time 
period, as shown in Fig. 2. This is explained as 
exploitative agents move slower as they gradually 
refine their knowledge, and hence, take a longer time 
to reach their local maxima. Explorative agents and 
on the other hand, quickly climb up local maxima and 
then find the global maximum. However, even 
though these agents find the global maximum much 
sooner than exploitative agents, they continue their 
explorative strategy even after they reach the global 
maximum. Ambidextrous agents take a little longer 
than explorative agents to find the global maxima, but 
after they do, they gain higher returns than 
explorative agents. This is because they engage in 
exploitative learning as well as explorative learning, 
and therefore have lower associated costs than a 
mainly explorative strategy.  
When the environmental dynamism increases, the 
performance of all agents vary depending on the 
environment. As the environment goes through 
equilibriums punctuated by periods of change, the 
fortunes of the agents vary accordingly. However, on 
analyzing the results in Fig. 3, it appears that in some 
phases explorative agents are associated with lower 
performance, contrary to hypothesis 2. Exploitative 
agents perform better than explorative agents in some 
phases. This may be explained as the environment 
goes through phases of equilibriums, in which 
exploitative agents are associated with higher 
performance as seen in the previous environment 
with low dynamism. In addition, ambidextrous agents 
performed better than other in all phases, which lends 
support to the ambidexterity hypothesis.  

 
Fig. 3.  Results: low complexity and high dynamism  

4.1.2 High Complexity:  Environments with high 
complexity have a larger number of global maxima 
and local maxima as shown in Fig. 4.  

 
Fig. 4.  Environment with skewed distribution and high 

complexity. (Blue agents follow exploitative strategies, red 
agents follow explorative strategies, and green agents follow 

ambidextrous strategies)  
 

Like the environments with low complexity and low 
dynamism studied earlier, explorative agents find 
higher points in the environment before other agents. 
However, they take longer to reach the maxima as 
they rarely refine their existing knowledge and climb 
up to the peak. As ambidextrous agents use both 
explorative and exploitative strategies, they lag 
behind explorative agents initially, but once they 
reach a peak they climb to the top through 
exploitation quicker than explorative agents can. In 
addition, since they have probabilities of exploiting 
close to their probabilities of exploring, they bear 
lesser costs of exploring than explorative agents. 
Hence, in complex environments, ambidextrous 
agents are associated with higher performance. 
However, as exploitative agents also explore, albeit 
with low probabilities, they gradually increase their 
performance. Therefore, if the environment remains 
low in dynamism long enough, exploitative agents 
may ultimately perform better than both explorative 
and ambidextrous agents in the long run.  

 
Fig. 5.   Results: High complexity and low dynamism  

 
When the environmental dynamism increases, the 
performance of all agents vary, but not as much as 
they did with low complexity. With the higher 
complexity agents still manage to find a few peaks 
associated with higher performance even in phases of 
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equilibrium. Explorative agents perform worse in 
complex environments than in environments where 
the complexity was lower as seen earlier in Fig. 3. 
This is another contradiction to hypothesis 2. 
Exploitative agents perform significantly better than 
explorative agents during phases of equilibriums. As 
with low complexity and high dynamism, 
ambidextrous agents performed better than other in 
all phases, which lends further support to the 
ambidexterity hypothesis.  

 
Fig. 6.  Results: high dynamism, high complexity  

4.2. Uniformly Distributed Environments: 
Uniformly distributed environments have a 
distribution of local peaks that are not very far below 
global maxima. The tests done for the skewed 
distribution were repeated with the skewed 
distribution. These environments were tested at low 
complexity, as shown in Fig. 7, and at high 
complexity, as shown in Fig. 10.  
4.2.1 Low Complexity:  In the uniform distribution 
we see a marked difference from the skewed 
distribution: exploitative agents reach higher points 
faster than explorative agents. This is explained as 
local maxima are almost as high as global maxima, 
explorative agents and ambidextrous agents do not 
benefit much more than exploitative agents by 
finding global maxima. Again, ambidextrous agents 
suffer lesser costs than explorative agents. Hence, 
exploitative agents consistently perform better than 
ambidextrous agents, who, in turn perform better than 
explorative agents.  

 
Fig. 7.  Environment with uniform distribution and low 

complexity (Blue agents follow exploitative strategies, red 
agents follow explorative strategies, and green agents follow 

ambidextrous strategies)  

 
Fig. 8.  Results: low dynamism  

 
As environmental dynamism increases, agent 
performance varies depending on the phases. 
Exploitative agents appear to do better than other 
agents in equilibrium phases and worse than other 
agents in punctuations in the equilibrium. Explorative 
agents do not manage to perform above average in 
any of the phases. Ambidextrous organizations, 
however, seem to have a slightly better overall 
performance, as they perform better than explorative 
and exploitative agents in times of change, and they 
perform better than explorative agents in times of 
equilibrium.

 
Fig. 9.  Results: high dynamism 

 
4.2.2 High Complexity:  Uniform distributions under 
high complexity have several local maxima that are 
not far below the global maxima, as shown in Fig. 10.  
 

 
Fig. 10.  Environment with uniform distribution and high 
complexity (Blue agents follow exploitative strategies, red 

agents follow explorative strategies, and green agents follow 
ambidextrous strategies)  
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At low dynamism, exploitative agents perform better 
again, as they reach higher points faster than 
explorative agents. As at low complexity, exploitative 
agents reach local maxima that have returns not far 
below global maxima. Hence explorative learning by 
the other agents does not bring them any added 
benefits, but instead harm them due to added costs. 
Here too, exploitative agents consistently perform 
above ambidextrous agents, who, in turn, perform 
above explorative agents.  

 
Fig. 11.  Results: low dynamism  
 

With higher dynamism, agent performance varies 
with the environment as seen in earlier simulations. 
Exploitative agents are initially associated with 
higher performance, but lose this advantage as the 
environment changes. Explorative agents consistently 
perform lower than average. Again, ambidextrous 
agents have slightly better performance than other 
agents.   

 
Fig. 12.  Results: high dynamism  

 
In three of the four environments studied with low 
dynamism exploitative learning is associated with 
higher performance. In the fourth case, that of a 
skewed environment with high complexity, the trend 
in Fig. 5 seems to indicate that exploitative 
organizations may eventually be associated with 
higher performance if the environment maintains its 
state of low dynamism, as it did in the environment 
with lower complexity (Fig. 2). In environments with 
uniform distribution exploitative organizations are 
clearly associated with higher performance. These 
results lend considerable support for Hypothesis 1.  
In dynamic environments, in most cases, explorative 
organizations perform worse than exploitative 
organizations, refuting Hypothesis 2. In low 
complexity environments, explorative organizations 

performed marginally better than exploitative 
organizations for a very short period. In high 
complexity environments, exploitative organizations 
consistently performed marginally better than 
explorative organizations. Therefore, Hypothesis 2 is 
unsupported by the results.  
In dynamic environments, ambidextrous 
organizations perform marginally better than other 
organizations at some phases. Ambidextrous 
organizations do not always outperform exploitative 
organizations, but they seem to consistently 
outperform explorative organizations in all cases of 
high dynamism. Therefore, partial support is obtained 
for Hypothesis 3.  
 
V. IMPLICATIONS  
 
5.1. Implications for Practice 
This study concludes that neither the exploitative 
learning strategy nor the explorative learning strategy 
is a superior strategy across varied environments. 
Therefore, managers should not adopt ‘silver-bullet’ 
strategies for learning, including knowledge 
management, flexibility, adaptation, TQM, six sigma, 
and BPR without first gaining an understanding of 
their particular industry environment. Organizations 
may benefit from first engaging in environmental 
scanning and mapping their environment before 
deciding on a strategy. Organizations that find 
themselves not far behind the performance of the 
industry leader may then decide to focus on 
exploitative learning and refine their existing 
knowledge to improve their organizational 
performance. On the other hand, new entrants and 
organizations that find themselves lagging far behind 
the industry leader in several dimensions of 
performance may need to focus on explorative 
‘double-loop’ learning to challenge existing industry 
assumptions, and use radical innovation to gain an 
edge in the industry. 
 
5.1. Implications forResearch 
The absence of direct effects of organizational 
learning strategy has important implications for 
research. It indicates that a greater understanding of 
the direct effects of the environment on 
organizational performance is needed. In addition, the 
absence of direct effects of organizational learning 
strategy on organizational performance may indicate 
the presence of moderating or mediating variables.  
An important mediating variable that may distinguish 
organizations from each other is its absorptive 
capacity, which is defined as “the ability of a firm to 
recognize the value of new, external information, 
assimilate it, and apply it to commercial ends” [9]. 
This capability not only allows it to exploit new 
environmental knowledge, but also enables it to 
predict future knowledge developments [10]. 
Simulation studies predict that developing absorptive 
capacity is a superior strategy in complex knowledge 
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environments [7]. Absorptive capacity is mainly a 
function of the organization's existing knowledge [9], 
as well as organization forms and combinative 
capabilities [32]. Firms in stable environments may 
focus more on exploiting current knowledge by 
increasing the efficiency dimension of knowledge 
absorption, while firms in dynamic environments 
may focus more on increasing the scope and 
flexibility dimensions of absorptive capacity, and 
thus increase their explorative activities [32]. 
However, high levels of absorptive capacity may 
bring diminishing returns, as it has an inverted-U 
shaped relationship with new product development 
[30]. Future studies may need to model absorptive 
capacity into computer simulations to analyze if this 
variable mediates the relationship between 
organizational learning strategy and performance.  
In addition, the direct effects of the environment need 
to be studied in greater detail. This study uses 
contingency theory as a basis for the research 
question and this theory may not be appropriate for 
studying direct effects of the environment. Other 
theoretical perspectives that deal more explicitly with 
the relationship between the organization and its 
environment may provide a better understanding of 
this complex relationship. Resource Dependence 
Theory [24] posits that the behavior of an 
organization is best understood by analyzing the 
environmental context. Control over environmental 
resources occurs through possession, access, or 
determining usage of those resources. Influencibility 
of an organization then depends on the importance of 
the resource to the organization and the extent to 
which control is concentrated or diffused. Population 
Ecology Theory [15] posits that adaptation of 
organizational structures to environments occurs 
principally at the population level. Forms of 
organizations replace one another as the environment 
changes.  
There are other possibilities that could be modeled in 
future studies. Organizations ‘enact’ the environment 
[34] i.e., organizational perceptions of the 
environment may actually differ according to the 
actions they take. In addition, organizations that 
engage in explorative learning may actually change 
the competitive playing field through radical 
innovation. By changing the environment itself in 
their favor, these organizations may then be 
associated with higher performance while other 
organizations are associated with lower performance. 
However, for this to be modeled in a computer 
simulation, we need to gain a better understanding of 
which organizations are able to change the 
environment, how they change the environment, and 
how the environment changes after this process. 
 
CONCLUSIONS 
 
This study attempted to resolve conflicting 
recommendations for practice in business literature 

by analyzing contingent effects of the environment. 
While some studies recommend variance-reducing 
strategies such as cutting costs, Total Quality 
Management, ISO 9000, six sigma, and zero defects 
to increase organizational performance by exploiting 
current knowledge and engaging in single-loop 
learning, others recommend innovation, creativity 
and radical change to increase organizational 
performance by exploring new knowledge and 
engaging in double-loop learning. As these two 
strategies are conflicting approaches to managing 
organizational learning, their effects on performance 
may be due to the moderating effect of the 
environment. This study tests the hypotheses that the 
former strategy is more suitable in stable 
environments and the latter strategy is more suitable 
in dynamic environments. The hypothesis that the 
ambidextrous strategy of organizations that manage 
the complex task of balancing both exploitative and 
explorative learning is a superior strategy in dynamic 
environments is also analyzed.  
 These hypotheses are tested through a computer 
simulation using intelligent agents. The agents are 
modeled to follow small ranges of either exploitative 
strategies, explorative strategies or ambidextrous 
strategies. The environment the agents use these 
strategies in varies among the dimensions of 
complexity and uncertainty. In these environments, 
the agents attempt to improve their performance by 
using these strategies to find point in the environment 
that provide them with maximum returns.  
 The results indicate that the environment is a larger 
determinant of organizational performance than 
theorized. The environment, and not organizational 
strategy, is the primary determinant of organizational 
performance. Exploitative learning strategies are 
associated with higher performance than explorative 
learning strategies in environments with low 
dynamism. Ambidextrous organizations are 
associated with slightly higher performance that 
explorative organizations in environments with high 
dynamism.  These results indicate that 
recommendations for exploitative and explorative 
learning are not for all organizations, and that 
organizations would need to engage in environmental 
scanning to gain an understanding of their unique 
environment before choosing between exploitative 
and explorative learning. 
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