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ABSTRACT 

 

This initiative briefly discusses the concept of complexity theory via definitions and ideas.  It then goes 

on to discuss one or two classic models found in complexity theory.  As the reader progresses through 

the article he/she will glean the concept of the emergent model and how this model is connected to very 

much utilize models of complexity theory.  Various research methods are listed to give the reader an 

idea of the sensitivity a researcher should possess when working in an IDR environment.   The question, 

“What is the difference between a complex system and a complicated system?” surfaces, and an answer 

attempted.  The concept of IDR is further explained, though briefly, and the value of complexity theory 

to IDR is highlighted. 
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1. INTRODUCTION 

 

“The goal of an experiment is unlike that of an end-of-the-section problem … [It] requires a 

precise result.  The former is a research assignment that has a general goal but not a clear answer.  

Different students may obtain different outcomes and can draw different conclusions.  You are supposed 

to use the knowledge acquired …, 

• To think about the problem for several days, 

• To ask new questions and to try to answer them, 

• To stir your imagination, and 

• To search for suitable references. 

In each case, discuss the model and see whether you can find an alternative or a better one.” 

     --Florin Diacu 

Complex systems are all around us.  Models of complexity abound.  Moreover, complexity 

means different things to different individuals.  According to Merriam Webster,complex is defined as “a 

whole made-up of complicated or interrelated parts.”  We will briefly look at one or two models of 

complexity in nature and observe how feedback plays an important role in these systems.  We will also 

briefly discuss why we believe complex systems are a little more than complicated systems. 

According to Melanie Mitchell (Mitchell, 2009), “In complex systems, many simple parts are 

irreducibly entwined, and the field of complexity is itself an entwining of many different parts.”  This 

statement closely aligns with Merriam Webster’s definition of the word complex;albeit, the concept of 

complexity may be interpreted differently from one discipline to the next.  For example, complex 

systems mean one thing in engineering and quite another in political science.  We will briefly look at the 

ant model, a model that stresses operations, or organizations, that operate with no central manager, no 

central figure, or central controller.  Intuitively, this idea seems counter-productive; albeit, more and 

more sectors of the working and the research worlds are considering systems that operate with no central 

manager.  Imagine groups of rocket ships gliding independently through space without the aid of 

Houston’s NASA controls.  This may be in our not-so-foreseeable future. 

Mitchell (2009) also defines a complex system as follows: 

“A complex system is … an interdisciplinary field of research that seeks to explain how large 

numbers of relatively simple entities organize themselves, without the benefit of any central 
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controller, into a collective whole that creates patterns, uses information, and, in some cases, 

evolves and learns.”  

Mitchell (2009) goes on to say a complex system is “… a system inwhich large networks of components 

with no central control and simple rules of operations, give rise to  

1. Complex collective behavior, 

2. sophisticated information processing, and 

3. adaptation via learning or evolution.”  

Scott Page (2009), in his video, explains that “complex systems are 

1. Unpredictable, 

2. Produce large events, 

3. Robust (can withstand perturbances and still hold together), 

4. bottom-up emergent phenomena (Complex systems produce bottom-up emergent phenomena, 

where what occurs on the macro level differs in kind from what we see in the parts.) 

Page goes on to explain the difference between complex systems and complicated systems.  To 

paraphrase, the difference between complex systems and complicated systems is adaptability:  Complex 

systems adapt; complicated systems do not.  Scott Page (2009) goes on to use the example of a watch as 

a complicated system:  a watch is complicated, it has many diverse parts, but it does not adapt to 

changing situations, et cetera. 

 We begin to see that complex systems will take on many forms.  Moreover, many complex 

systems are found in natural phenomena.  According to the astrophysicist, John Gribbin (2004), 

complexity is defined as follows: “In science, a complex system is one that is chaotic, and [scientists 

study] the way the system developsfeedback on itself to change the way it is developing.”  Feedback 

undergirds the ant model.  One of the many models covered in complexity theory is the ant model, a 

model which concerns individual, self-contained bodies, or ants, that strike out on undetermined paths to 

find food.  These ants have no central contact, or central manager, to direct their paths.Once food is 

found by an ant, other ants are made aware via feedback in the form of pheromone left along a path.  

Within a very short time, all ants in the field will have converged on the food areas.  Termites behave 

the same as ants. 

 Notice the quoted statements below about the Human-Environment Systems (HESs) by Julie 

Rehmeyer (2010): 
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“Robustness and a related property—adaptability—are essential features of HESs.  Resilience is 

a remarkable trait of the human components of an HES, and it is not entirely clear how this 

concept can be expressed unambiguously, mathematically, let alone incorporated in an HES 

model.  Indeed, it could be one of the many emergent properties of the system.—unpredictable 

properties of an assembled system that appear (emerge) when constituent components are 

assembled and put in a dynamical interaction, but are not clear when the components are 

considered in isolation:  the whole is more than the sum of its parts.  An example of emergence is 

collective behavior, global coordination among the agents of a complex system, which may or 

may not be a direct, predictable consequence of explicit individual properties.”   

In referring to the HES, Julie Rehmeyer (2010) makes it clear that she is well aware of the ideas of a 

complex system and its properties. 

 

2. RESEARCH EFFORTS IN INTERDISCIPLINARY ENVIRONMENTS 

 

To meet the demands of tomorrow’s workforce students must be better prepared.  They must 

possess the right tools and skills.  With improved student learning come improved skills and improved 

confidence to compete in the job market.  Research skills and student learning are complementary.  As 

the students’ research skills improve, the students’ inquisitiveness peaks, the students’ interest increases 

and ultimately, student learning improves.   

Senior researchers and student researchers alike benefit from productive research efforts.  In 

many cases, researchers grasp a feel of the subject research areas so well that they are better able to 

apply their learned tools to other fields and solve long-standing problems in those said areas.  

Interdisciplinary research affords researchers the opportunity to work with other researchers in other 

fields.  Interdisciplinary research groups composed of a mathematician, an archeologist, a biologist, a 

chemist, a computer scientist and an engineer may eventually solve long-standing problems in 

archeology that have been mysteries for centuries.  Both senior researchers and student researchers 

benefit from interdisciplinary research efforts.    

 

We formed a research group in our department at Clark Atlanta University in Atlanta, GA, 

U.S.A. a little more than a year ago to study what we believe to be some of the most recent cutting-edge 

research being done in the area of mathematical sciences.  These topics are 
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1. Chaotic Dynamical Systems 

2. Mathematical Biology 

3. Complexity Theory, and Chaos and Complexity Theory 

The research group formed in the Department of Mathematical Sciences at Clark Atlanta University 

prior to the summer of 2011was intended to do the most recent cutting-edge research in the areas of  

1. Chaotic Dynamical Systems 

2. Mathematical Biology/Mathematical Ecology 

3. Chaos and Complexity Theories 

There are many commonalities that exist between these topics.  (Pierreet.al., 2012) (Strogatz, 

1994) (Devaney, 1992)  We believe in our department that the subjects mentioned above bridge the gap 

between mathematics and many other disciplines.  Equipped with the tools above, and a great deal of 

sensitivity towards the research efforts and the research methods of other disciplines, mathematicians, 

applied mathematicians, statisticians and mathematics educators alike will be better able to work in 

interdisciplinary research environments.   

 

3. INTERDISCIPLINARY RESEARCH ALLOWS FOR SENSITIVITY TO OTHER 

RESEARCH METHODS 

 

There are many research methods out there:  there are several methods of research used in 

different disciplines.  When working in interdisciplinary research environments, researchers will have to 

adjust for these different disciplines:  they must develop sensitivityfor the different disciplines.  Some of 

the different research methods are given below: 

a. Research in Sociology and Psychology: 

i. Create hypothesis 

ii. Formulate research method and design 

iii. Gather data and review existing research 

iv. Analyze, infer, extend 

 

b. Research in Biology: 

i. Hypothesis  

ii. Research method/materials/design 
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iii. Data 

iv. Results 

v. Discussions 

 

c. Research in the Other Sciences: 

i. Hypothesis 

ii. Research methods/materials/design 

iii. Data and evidence 

iv. Analysis and Interpretation 

v. Conclusions 

 

d. Science Writing for General Audiences: 

i. Establish context 

ii. Explain different concepts and specialized terminology 

iii. Relate that knowledge to what readers will find familiar and interesting 

 

As you can tell, these methods are similar, but somewhat different.   

There is a huge departure between the research methods mentioned 

above and the research method used in the discipline ofEnglish. 

 

4.  AN OVERVIEW OF THE EMERGENT MODEL 

 

One method we will use in the mathematics department is the Emergent Model. (Pierre, et.al., 

2012)We will use the Emergent Model as one of the key components to facilitate improvement in 

undergraduate, and graduate, student learning at Clark Atlanta University (CAU).  We believe the 

Emergent Model will prompt student interest, high student performance, student learning, etc.  The 

Emergent Model draws its name from the concept, emergence, which means the following: 

“The appearance of structure in systems as they become more complex.  When the whole is 

greater than the sum of its parts.”  (Gribbin, 2004)  According to Scott Page (2009)  

“Emergence is when the macro differs from the micro—not just in scale but in kind. … One 

common form of emergence is self-organization.  This occurs when a spatial pattern or structure 
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emerges, such as flocks of birds or schools of fish. … One fascinating thing about emergent 

phenomena is that they arise from the bottom up, without superimposed formalism”  

The Emergent Model is an excellent research vehicle within which contemporary research methods may 

be used and, hopefully, exploited to seek out emerging schemes to resolve issues and/or to solve 

problems.   (Waldrop, 1992) (Pierre, 2012)This model, based on concepts found in complexity theory 

(ant model, bee model, genetic algorithm, etc.) gives a fresh approach to research design, and it stresses 

groups operating as individual, self-contained entities to which no central manager, or central center, is 

answered.   (Fisher, 2009)(Mitchell, 2009) The ideas of both feedback and interdisciplinary research will 

undergird this model.  By using this model, we believe the resulting research results will be superior 

results.  We are trying to produce a superior research model using positive feedback, observation, etc.  

This is equivalent to ants leaving pheromone along a path.  (Fisher, pp.38-40)(Pierre, et.al.)  “…the 

resulting process will usually provide an efficient and fair solution that optimizes…” (Fisher, p. 41) We 

are always trying to get the best solutions, or the best methods when using the Emergent Model.  

“…getting the best solutions, however, requires very carefully setting conditions…” (Fisher, p. 41)   

 The Emergent Model is a shell in which all canonical research  

methods, including the Scientific Method, will function; a shell through  

which all canonical research methods will progress.  All canonical  

methods will thrive in the Emergent Model. The Emergent Model is  

given below in algorithmic form for ease of understanding. 

 

5. THE EMERGENT MODEL 

 

Ways to create superior groups, projects, products and schemes (Pierre, et.al., 2012): 

 

1. Create groups of small sizes, say 3-4. 

2. The number of groups should be no more than 10. 

3. Work within groups and across groups. 

4. Assign a complex task, the same task, to all groups. 

5. Send out a directive that all groups, initially, should work independently for about two weeks. 

6. The task assignment should take about one to two months. 
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7. After the first two weeks, pair the independent groups to review, brainstorm, and strategize about 

the assignment for a day (two to four hours). 

 

Example – Week 1 

{Group 1 with Group 10}  

{Group 4 with Group   2} 

{Group 8 with Group   3} 

{Group 5 with Group   9} 

{Group 6 with Group   7}       

 

Note:  The pairings may change every week. 

 

8. During the week or bi-week, individual groups will research and collect data, review, brainstorm, 

evaluate and strategize about the assignment as well as the groups’ plans and progress. 

9. By pairing groups each week, or bi-weekly, it is hoped that the feedback and collaborations will 

make each group better.  We are counting on the fact that the feedback knowledge will make 

each group better, improve each group’s process, strengthen the communication skills of all 

involved, prompt greater responsibility in all groups, prompt all groups to work towards a 

common goal and improve the ties and relations between groups. 

10. There will be no central figure or manager controlling or managing the groups. 

11. The groups, as self-contained and self-supporting entities, will work independently. 

12. By the end of the task assignment, members of each of the manager-less or self-directed groups 

will have worked together to complete the task assignment. 

13. The end result should be the emergence of a superior project, product or scheme. 

14. Communication within and across groups must be stressed and done regularly. 

15. In all, it is hoped that a deeper learning and engagement will be prompted by the processes and 

that the passion for persistence and performance will undergird the overall operation. 
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6. INTERDISCIPLINARY RESEARCH 

 The interdisciplinary nature of the fields of dynamical systems, mathematical biology and 

complexity theory makes the pursuit very ideal for broader interdepartmental collaborations because the 

emerging market needs trained STEM graduates that are adept at interdisciplinary thinking and problem 

solving.It is an established pedagogic fact that interdisciplinary learning fosters interest in subject 

matters, and enhances the learning and retention process.   According to Nancy Andreasen, Theodore 

Brown and the Committee on Facilitating Interdisciplinary Research (2005)  

“Individual researchers involved in interdisciplinary research (IDR) require a supportive 

environment that permits them to work in multiple disciplines and departments and to be fairly 

evaluated and rewarded for both their interdisciplinary and their disciplinary work.  They have a 

responsibility to explain and demonstrate the benefits of IDR, venture into new fields, and be 

open to the cultures and values of other disciplines.” 

Andreasen, et.al.go on to say 

“Researchers need opportunities to train in two or more disciplines and to work closely with 

faculty members and students in each.  Such cultural and intellectual immersion is a prerequisite 

to high-quality interdisciplinary work.  Researchers may need to spend considerable time on 

activities (teaching, research, committees, and committee service) outside their home 

department.” 

Senior researchers and students alike can benefit from interdisciplinary activities.  We believe that many 

courses in a discipline have commonalities that bridge many disciplines.  For example, as we mentioned 

above, many faculty in our department believe that dynamical systems, chaos theory, complexity theory 

and mathematical biology make up a bridge between mathematics and other disciplines.  However, to be 

truly involved in interdisciplinary research, a researcher must immerse himself/herself in the other field.  

Notice what is said about tenured professors, and their desire to do IDR, by Andreasen, et.al. (2005) in 

their statements below: 

“For professors who have secured tenure and would like to pursue IDR, a critical step is to 

immerse themselves in the “other” field so that their work can be of the best quality and have the 

greatest impact.  That takes substantial time—not only in learning the language of other 

disciplines but also in learning new value systems, aesthetics, tastes, and methods.  Establishing 

close relationships with researchers in another discipline on the other side is critical to the 

productivity and quality of a researcher’s work.”  
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7. CONCLUSION 

 Although, complexity theory has come a long way over the past 20 years, still it has a long way 

to go.  According to Mitchell (2009),“…neither a single science of complexity nor a single complexity 

theory exists yet, in spite of the many articles and books that have used these terms.”Until the 

conceptual components of complexity theory are identified and put in place, a unified complexity theory 

does not exist;albeit, there are wonderful models and examples in complexity theory that command 

attention from the most renowned individual. 

 The Emergent Model is a wonderful shell in which research methods can function effectively.  

Complexity Theory offers neat models (the ant model, the bee swarming model, the concept of generic 

algorithms, etc.) that may be exploited in the IDR arena.  The Emergent Model (which is undergirded by 

the ant model, the bee swarming model and the concept of genetic algorithms) has great utility in IDR.  

It is hoped that as we go forward more and more researchers will utilize this model when designing their 

research activities. 
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