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Implementation and Assessment of a Curricular Module on the 

History and Philosophy of Reverse Engineering 

in Biological Systems 

 

 

Abstract 

 

With the current prominence of systems biology and the prevalent application of reverse 

engineering techniques to biological systems, there is wide recognition of the need, not only for 

proper methodology, but also for background information, which would serve to guide these 

activities, and help to place them in an appropriate context. The reverse engineering of biological 

systems has a long and distinguished history, from Galen and DaVinci, to William Harvey and 

E.O. Wilson. In addition, consideration of the moral and philosophical underpinnings and 

implications of such work provides biomedical engineering students with a useful arena in which 

to wrestle with questions regarding how their academic discipline integrates with their larger 

worldview. 

 

Under the direction of faculty members from engineering, biology and philosophy, a multi-

disciplinary team of undergraduate honors students is developing a curricular module on the 

history and philosophy of reverse-engineering. In keeping with the mission of the institution, 

learning objectives and educational outcomes are carefully defined to assist with assessment of 

student learning. This module is currently being implemented among a group of engineering 

students in a course on the history of quantitative thought. Assessment activities are being 

conducted in an effort to determine if objectives and outcomes are being met. It is anticipated 

that both the students taking the course, and the students developing the curricular module, will 

significantly benefit from these experiences. 

 

Current engineering graduates will live and work in an age where humanity is in danger of 

technologically outpacing its ability to wisely implement futuristic ideas. And yet, who better to 

assist in leading this complex society than problem solving engineers who have been educated in 

the history and wisdom of technological development. This is especially true in the fields of 

biomedical engineering and systems biology where strong leadership is needed to channel the 

vast expansion of new knowledge in a way that accomplishes the most good, and avoids the 

pitfalls resulting from limited human understanding. Combining historical and philosophical 

perspectives in systems biology allows students to view past technological achievements in a 

moral context, which should provide them with insights into current ethical dilemmas in 

biomedical engineering. It also provides students with a clearer understanding of reverse 

engineering techniques and the philosophical implications of the significant and repeated 

successes of such an approach to biological systems. 
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The Role of Reverse Engineering in Engineering Education 

 

A recent article in ASEE Prism Magazine refers to a prominent astrophysical institute’s attempts 

at “reconstructing and visualizing the universe’s early days” as “the ultimate reverse engineering 

project.”
1
 This reference to science as the reverse engineering of natural systems is consistent 

with the National Academy of Engineering’s (NAE) recent announcement that one of their 

Grand Challenges for the twenty-first century is to “reverse engineer the human brain.”
2
 Many 

scientists and engineering educators are now beginning to recognize the value of the reverse 

engineering mindset, not only for unraveling the mysteries of nature, but also for teaching the 

intricacies of design in the engineering laboratory. The last two decades have seen a significant 

increase in the number of universities that have integrated this method into their teaching.
3
 

Reverse engineering is simply taking an object apart and analyzing its “inner workings,” in order 

to understand the secrets behind its operation. However, some researchers use a broader term, 

Disassemble/Analyze/Assemble (DAA), for these activities.
4
 

 

A study comparing the results of such activities to the more traditional laboratory approach 

concludes that DAA activities have the potential to increase student motivation and promote 

transfer.
5
 Transfer refers to the ability to apply or adapt knowledge when seeking a novel 

solution to a problem. New courses are being developed that make use of reverse engineering 

projects to help students observe actual designs during “incremental concrete experiences,” 

allowing them to reflect on the “big picture” of engineering.
6
 One such effort integrates the 

introduction to engineering course and the engineering graphics course around a reverse 

engineering project, making use of 3-D computer modeling and rapid prototyping of the 

disassembled parts for reengineering considerations.
7
 Another study compares eight different 

methods for teaching design to first-year students and concludes that a reverse engineering 

model is preferred.
8
 

 

An attempt to increase student interest is made by creating a game whereby students are awarded 

achievement levels for gaining particular insights during reverse engineering activities.
9
 One 

engineering educator went so far as to report that reverse engineering has “proven to be the 

instructor’s fire keg that lights the imaginations of the engineering students.”
10

 Another project 

attempts to “escape the tedium” of traditional instruction by charging students with the task of 

recreating an improved version of an existing mechanical artifact with the Lego Mindstorms
TM

 

kits.
11

 This focus on improving an existing design is also emphasized in a course where reverse 

engineering activities lend insight into “evolutionary product design,” which also assists with 

student retention.
12

 In another course, students are encouraged to dissect “a device with some 

kind of malfunction to study the reason behind the unit breakdown,” and try to come up with 

conceptual ideas for improvement based on their studies.
13
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Reverse Engineering and Design Recovery 

 

These kinds of activities demonstrate the value of reverse engineering for answering deeper 

questions than simply how a product works. Good questions range from how the components are 

designed, what materials are used, how the parts are assembled and how each component 

functions as part of the whole, to what criteria and constraints are met, what primary need is 

addressed, what engineering disciplines contributed, what limitations exist in the design and how 

the product might be misused.
14

 In this regard, some researchers make a distinction between 

reverse engineering (as artifact dissection for recovering its mechanisms of operation) and design 

recovery, which has “the goal of recovering the design processes that went into creating the 

artifact,” emphasizing the later, rather than the former. They argue that design recovery 

considerations are the key to confronting students’ common design misconceptions.
15

 While 

somewhat dependent on the particular field of study, other researchers have a slightly different 

definition for design recovery.  

 

One helpful article, although dealing mainly with the reverse engineering of computer software, 

provides more detail on the concept of design recovery. Here, it is defined to be “a subset of 

reverse engineering in which domain knowledge, external information, and deduction or fuzzy 

reasoning are added to the observations of the subject system to identify meaningful higher level 

abstractions beyond those obtained directly by examining the system itself.”
16

 In other words, the 

goal of design recovery is to work out, at a higher level of understanding, what a system or 

component was engineered to do, and (to some degree of confidence) why, rather than just 

examining its subcomponents and their interrelationships. This generally involves extracting 

design artifacts, by detecting design patterns for example, and synthesizing abstractions that are 

less dependent on implementation. It is these higher level abstractions that the authors of the 

current paper believe to be the key to fully reverse engineering complex natural systems. 

“Design recovery recreates design abstractions from a combination of code [system], existing 

design documentation (if available), personal experience, and general knowledge about problem 

and application domains…Design recovery must reproduce all of the information required for a 

person to fully understand what a program [system] does, how it does it, why it does it, and so 

forth.”
17

 The development of a comprehensive design recovery framework for mechanical 

components
18

 appears to be a promising approach that addresses these questions. 

 

Reverse Engineering of Natural Systems in Engineering Education 

 

Reverse engineering activities can even be helpful in advancing engineering education, and 

relating science and engineering, in the P-12 classroom. Such activities are advocated since 

younger students do not know all the intentions of the original engineer and must infer them by 

observing and systematically evaluating the causal relationships that produce functionality. “This 

process is not trivial and can involve very similar scientific inquiry skills used to understand 
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natural systems.”
19

 Indeed, natural systems have become popular objects of reverse engineering 

activities at the university level also. Students learn the biomedical engineering design process 

by developing 3-D physical models of human anatomy based on medical imaging data using 

rapid prototyping and reverse engineering.
20

 Other modules have been developed to teach 

chemical engineering students how to apply engineering principles to living systems. These 

modules include reverse engineering of the human body, the beer making process, and the design 

of a microbial fuel cell.
21

 

 

Other studies highlight the multidisciplinary aspect of this approach. ‘The human body is an 

exquisite combination of interacting systems which can be analyzed using multidisciplinary 

engineering principles…Students are engaged in the scientific discovery process as they explore 

the engineering systems within the human body using exciting hands-on “reverse engineering” 

methods.’
22

 Since students have a natural curiosity to learn how their own bodies work, such 

activities are thought to increase understanding and retention of new concepts, such as energy 

balances in the human body.
23

 Other researchers use modules on the reverse engineering of 

living systems and ecosystems to teach concepts that are vital for sustainability.
24

 Of course, the 

reverse engineering of the human brain (as per the NAE’s Grand Challenges) is also being 

addressed by engineering educators and researchers. In an introductory digital signal processing 

course, students learn about “the process of collecting and analyzing electroencephalography 

data in a local neuroscience research laboratory.”
25

 

 

A Curricular Module on the History and Philosophy of Reverse Engineering in Biological 

Systems 

 

While the studies referred to previously are certainly interesting and valuable for engineering 

education, the authors seek to add background and context to these activities by proposing a 

curricular module on the history and philosophy of reverse engineering in biological systems. 

This module is not intended to be an extensive or exhaustive coverage of these topics, but rather 

will serve as a brief introduction to the subject. It is believed that this background information 

will further motivate and equip engineering students in the wise application of knowledge and 

stewardship principles when dealing with living systems. Not much has been found in the 

literature on the history and philosophy of reverse engineering in biological systems, although 

some preliminary discussions have been recently offered.
26, 27

  

 

The module is being developed by a multidisciplinary (engineering, biomedical engineering, 

philosophy) group of five undergraduate honors students under the guidance of faculty members 

from engineering, biology and philosophy. The students meet weekly to share research findings 

and discussion on the reverse engineering of natural systems. The module is being implemented 

and tested in an undergraduate honors course on the History of Quantitative Thought. This 

course is comprised of engineering majors, biology majors and some honors students in non-
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technical majors. The learning outcomes entail that, upon completion of this module, students 

will be able to: 

 

1. Discuss the history of reverse engineering in biological systems 

2. Discuss the philosophical issues and implications associated with the reverse engineering 

of biological systems 

3. Discuss current techniques and applications in reverse engineering 

4. Conduct an effective reverse engineering investigation 

5. Work toward reconciliation of findings in biology with personal spirituality and 

worldview 

6. Apply principles of stewardship and wisdom in dealing with ethical dilemmas in biology 

and biomedical engineering 

 

This module contributes to the following educational objectives, which are among those that 

engineering graduates are expected to attain within a few years after graduation from this 

program: 

 

1. Graduates will apply their technical knowledge to design and analyze systems and to 

solve ever-changing real world engineering problems 

2. Graduates will engage in lifelong learning and professional development 

3. Graduates will apply wisdom in the administration of stewardship principles and 

discipline, being committed to professional and ethical standards of responsibility 

 

These learning outcomes will be accomplished (contributing to the realization of the educational 

objectives as well) through implementation of a curricular module consisting of the following 

elements: 

 

1. Overview of the concept and techniques of reverse engineering 

2. Legitimacy of applying reverse engineering principles to natural systems 

3. Brief history of reverse engineering in biological systems 

4. Overview of philosophical issues arising from reverse engineering in biological systems 

5. Reverse engineering laboratory exercise #1: Man-made object 

6. Reverse engineering laboratory exercise #2: Natural object (second-hand) 

7. Testing and assessment activities 

 

Several good books that discuss the concept of reverse engineering, its methods and techniques, 

are currently in use in academia and industry.
28, 29, 30

 The module will draw from these sources, 

as well as journal articles
31, 32

 in providing an overview, with examples of both artificial objects 

and natural objects. A classic example of the reverse engineering of an artificial object is 

illustrated in the case of the Antikythera Mechanism. This 100-year-saga of the design recovery 
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of what is thought to have been the first analog computer provides many insights into the 

potential and processes of reverse engineering.
33

 Several working models of the Antikythera 

Mechanism have now been developed based on the results of this reverse engineering project. 

 

A fascinating example of the reverse engineering of a biological system is provided by a team of 

researchers who studied the mechanism by which E. coli bacteria withstand heat shock.
34

 Their 

study was reviewed by another team (consisting of an engineer and a pathologist) in a paper 

entitled, “Understanding Biology by Reverse Engineering the Control.” The original team 

applied techniques such as “subtract and operate” in systematically eliminating both feedback 

and feedforward information pathways and observed the resulting performance. In assessing the 

overall achievement and results of the study, the reviewers concluded that “the mechanism used 

in Escherichia coli to combat heat shock is just what a well trained control engineer would 

design, given the signals and the functions available.”
35

 

 

One can easily see that these kinds of conclusions naturally lead to interesting discussions about 

how such exquisite engineering can emerge by accident. Nevertheless, researchers continue to 

apply reverse engineering techniques to natural systems simply because it works. Biologist E. O. 

Wilson writes, “The surest way to grasp complexity in the brain, as in any other biological 

system, is to think of it as an engineering problem…Researchers in biomechanics have 

discovered time and again that organic structures evolved by natural selection conform to high 

levels of efficiency when judged by engineering criteria.”
36

 This is reason enough to legitimize 

its application to natural systems, and especially in systems biology, which has been defined as 

“the quantitative analysis of networks of dynamically interacting biological components, with the 

goal of reverse engineering these networks to understand how they robustly achieve biological 

function.”
37

  

 

Several sources provide a step by step method for conducting a reverse engineering 

investigation. Although the paper cited earlier by Wilson and Rosen, entitled “Systematic 

Reverse Engineering of Biological Systems,” is primarily aimed at determining biological 

solutions for technological advancement, they provide the following helpful “Steps for Reverse 

Engineering Biological Systems.” 

 

1. Identify and detail sub-function of interest 

2. Identify candidate biological systems 

3. Decompose architecture of biological system of interest 

a. Decompose physical architecture 

b. Decompose functional architecture 

4. Identify state and function cycles 

5. Develop behavioral model and truth table for functionality 

6. Extract biological strategy in abstract form 
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7. Idea generation (for engineering technologies to mimic this strategy) 

 

An illustrative example of reverse engineering bird wings to assist in the development of 

morphing aircraft wing structures is also offered in the paper.
38

 The structure of bird wings have 

recently received attention as elegant optimal solutions to multiple
39

 and particularly difficult
40

 

engineering problems. The next section contains examples of some material that will provide a 

historical perspective of reverse engineering. This material also provides a good lead-in to some 

of the important philosophical issues that arise. 

 

Historical Examples in Galen and William Harvey 

 

Aelius Galenus, or otherwise known as Galen of Pergamon, was a well known Roman scientist 

and physician around 170 AD. His anatomical discoveries about the physiology of the body were 

studied for hundreds of years after his death, even into the nineteenth century. As a student of 

Hippocrates, Galen was constantly focused on learning more about the world around him, 

especially when it concerned the workings of the body. Eventually finding himself at the 

prestigious medical school in Alexandria, he began to sharpen his understanding about the 

theories of the body of the time. He continued this education by taking a position as a surgeon to 

the gladiators, where he learned much about the treatment of injuries, maintenance of hygiene, 

and living anatomy. 

 

It wasn’t until 162 AD that Galen left for Rome to establish himself as a prominent physician. It 

was at this time, while he was the acting physician under Marcus Aurelius that Galen began to 

contribute to scientific understanding. Galen was most noted for his theories on the circulatory 

system. Since human dissection was banned in Rome during Galen’s time, he had to settle on 

dissecting pigs and other animals. It was through this that Galen learned much about the 

circulation of blood through the body and the various parts that perform those functions.  

 

However, dissections were not the only means by which Galen was able to make these 

discoveries. During this time, there were two main schools of thought relating to the proper way 

to do science. The first were the Empiricists, who believed that the only way to go about finding 

scientific truth was through direct observation of physical phenomena. The second were the 

Rationalists, those who held the belief that study of already established teachings through 

philosophical reasoning was the correct method. Galen, rather than choosing one side or the 

other, thought it best to combine the two schools of thought. This became known as being a 

Methodist. Galen understood the need for direct observation in scientific discovery (empiricism), 

but he did not discount the importance of philosophical reasoning in the pursuit of scientific truth 

(rationalism). 
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Galen was very philosophical and was a firm believer in involving philosophy and purposeful 

thinking in scientific endeavors. In his work entitled That the Best Physician is also a 

Philosopher, Galen emphasized the fact that science should be considered a cross disciplinary 

art, making use of observation as well as philosophical thought. Galen also held the belief that 

“Everything in nature has a purpose, and that nature uses a single object for more than one 

purpose whenever possible.” This principle continues to evoke wonder, even today, as evinced 

by a recent article where a biological engineering researcher at MIT writes, “Nature, it appears, 

copies and pastes design elements for motors with similar roles and physical constraints. Despite 

different tracks and overall purposes for motility, all of the designs of common biological 

machines have been optimized.”
41

 This perceived economy of nature was what drove Galen to 

consider the way by which the blood received oxygen. He deduced that the heart was not only 

vital in driving the blood through the body, but also driving it to be resupplied with vital oxygen. 

Although some of his thoughts were incorrect, he established the main concept of the circulatory 

system through the use of direct observation and purposeful reasoning.
42

 

 

 Galen’s views on the anatomy of the circulatory system continued to be the standard for 

hundreds of years after his time. The view remained generally the same until a physician by the 

name of William Harvey challenged the teaching with his own new theory in the mid 1600’s. 

William Harvey was the son of Thomas Harvey, a wealthy politician and governor of 

Folkestone, England. Being born into a privileged family gave young Harvey the chance of 

furthering his education and pursuing higher degrees. After graduating from Caius College in 

1597, Harvey travelled to the medical college at Padua where he would find his calling as a 

physician. Harvey was an excellent student, familiarizing himself with all the theories and 

knowledge of the time. It was once said about him that he “conducted himself so wonderfully 

well in the examination and had shown such skill, memory and learning that he had far surpassed 

even the great hopes which his examiners had formed of him.” 

 

After graduating from Padua in 1602, the now 24 year old Harvey travelled back to London to 

practice medicine. After some time, his skill showed through and he was eventually appointed to 

physician of King James I in the year 1612. It was in this station that Harvey began to start his 

research and further his understanding about the anatomy of the human body. Harvey spent these 

years focused upon the circulatory system of the body. He was fascinated with the process of 

blood circulation, and was continually searching for the truth behind the process. As “physician 

extraordinary” to James I, Harvey had some access to cadavers by which to conduct his research. 

This access to the human body proved invaluable in Harvey’s research, however he began to see 

things that did not match up to the commonly held teachings of the time. 

 

During the 1600’s the view of the circulatory system was that of a body full of veins which could 

pump blood both to and from the heart simultaneously. Harvey, however, noticed a problem with 

this theory. He discovered that there was a network of valves placed throughout the circulatory 
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system within the veins. These valves were shown to resist the flow of blood when closed. Also, 

they were shown to work in only one direction. Other scientists had noticed this anomaly as well, 

but had discounted it. In 1628, however, Harvey went against the commonly held view by 

publishing his work De Motu Cordis, in which he outlined his findings. Harvey postulated that 

there were actually two veinous systems involved in the circulatory system: veins and arteries. 

These were both one-way systems, with arteries carrying blood away from the heart and veins 

carrying the deoxygenated blood back to it. 

 

This discovery was based upon his thoughts on the quantity of valves in the circulatory system. 

Harvey said, “I was invited to imagine that so provident a cause as nature had not placed so 

many valves without design: and no design seemed more probable than that... it [the blood] 

should be sent through arteries and return through veins, whose valves did not oppose its course 

that way.” Harvey, rather than merely looking at empirical evidence, chose to deduce that nature 

would design a system to work utilizing all of the components efficiently. Hence, Harvey’s 

theory on circulation would provide the “best” explanation of why there were so many valves 

present in the circulatory system. This theory was rejected by Harvey’s peers, and it wasn’t until 

much later that his work was fully appreciated and proven to be true. However, it is important to 

understand that his discovery of this system was brought about through a combination of 

empirical findings and rational reasoning with a reverse engineering mindset. Harvey went about 

science by considering natural systems as designed entities with purpose and intent in their 

function.
43, 44

 Indeed, a recent article suggests that methodological naturalism may be too 

restrictive for achieving the most insight during reverse engineering investigations.
45

  

 

Connections between Science/Engineering and Philosophy 

 

Other researchers throughout the history of science and engineering have made similar 

connections to philosophy (consisting of the sub-disciplines of epistemology, logic, ethics, 

metaphysics, and aesthetics). After detailed dissections and analyses of the human body, 

Leonardo DaVinci is credited with the following statement, “The human foot is a masterpiece of 

engineering, and a work of art.” A recent book on reverse engineering claims, “The human body 

is a beautiful piece of engineering work in nature. Reverse engineering is the most effective way 

to reinvent the component parts of this engineering marvel due to lack of the original design 

data.”
46

 

 

A recent article in Mechanical Engineering provides the following explanation, “Through 

biological evolution, Nature has conducted a 3.8 billion-year research and development program, 

and we find ourselves preparing to make commercial use of its discoveries.”
47

 This is a very 

interesting state of affairs, rife with metaphysical implications. In a new paper on the origin of 

life for the Royal Society journal Interface, cosmologist Paul Davies writes, “To a physicist or 

chemist, life seems like ‘magic matter.’ It behaves in extraordinary ways that are unmatched in 
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any other complex physical or chemical system. Such lifelike properties include autonomy, 

adaptability and goal-oriented behavior – the ability to harness chemical reactions to enact a pre-

programmed agenda, rather than being a slave to those reactions.”
48

 This reference to “magic 

matter” is reminiscent of Eden Philpotts famous quote, “The universe is full of magical things, 

patiently waiting for our wits to sharpen.”
49

 It appears that even though he wrote this in 1918, the 

universe is still patiently waiting. Even the title of militant atheist Richard Dawkins’ latest book 

refers to the “Magic of Reality.”
50

 Perhaps Arthur C. Clarke’s Third Law is apropos, “Any 

sufficiently advanced technology is indistinguishable from magic.”
51

 But from where does such 

advanced technology come? Could it actually be obtained without intentionality, that is, by 

accident? 

 

Biologist Francois Jacob pictured evolution as a tinkerer, as opposed to an engineer,
52

 but how is 

only a tinkerer able to produce “stunningly  well-engineered”
 53

 systems? To be fair, not all 

scientists agree that the human body is so well-engineered. Biologist John Avise
54

 and science 

writer Philip Ball
55

 argue that such “shoddy” workmanship, as seen, for example, in disease-

causing genetic malfunctioning, is not worthy of attributing to any form of intelligence. Even so, 

explanations for the “dark side” of the human condition that are consistent with new findings 

from the fledgling field of epigenetics have recently been offered.
56

  

 

A more recent article by biologist Uri Alon takes up Jacob’s discussion of tinkerer vs. engineer.
57 In this 

article, Alon aims to compare evolution and evolutionary processes to that of a “tinkerer,” 

instead of an engineer. He says that unlike an engineer, tinkerers do not plan out what they are 

going to do, nor do they use any type of process to come to a certain solution. Instead, they use a 

process of guess and check, and try different things until they find something that works—a 

process of elimination. Though Alon makes this claim, that evolution is much like a “tinkerer,” 

he does state that the “solutions found by evolution have much in common with good 

engineering design.” He elaborates on three examples of these similarities between engineered 

systems and biological systems: modularity, robustness, and the use of recurring circuit 

elements.  

The first, modularity, Alon defines as “a set of nodes [in a system] that have strong interactions 

and a common function.” In order for a set of nodes to be identified as a module, there must be 

input and output nodes, as well as internal nodes that do not have much effect on the nodes 

outside the module. Alon explains how networks with modularity, both in engineering and 

biological networks, make a system more adaptable to many different situations, because of the 

modules’ unique attributes. Though non-modular devices and networks exist in both engineered 

and natural systems, modular systems have the advantage because each component is not frozen 

by its inability to adapt; in modular networks, when new conditions arise, each can be configured 

and optimized to meet the new requirements—without the need for the whole system to change 

collectively.  
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The second similarity between biological networks and engineered systems is the need for 

robustness. Alon points out that the systems that survive the most in nature have the ability to 

work under several different conditions, in several different environments. This need for 

robustness, Alon claims, “imposes severe constraints on its design,” thus narrowing the vast 

range of possible designs on paper to only a few that are adaptable enough to survive under the 

several demands that are placed on the system due to changing conditions.  

The third, and final parallel found in both biological networks and engineered systems is the 

existence of recurring circuit elements. Both types of systems use repeated elements in a design 

to help the system carry out its function. These recurrences in biology are known as “network 

motifs,” and are found across several diverse systems; for example, similar network motifs are 

found in both the E. coli bacteria and the transcription network of yeast. Alon is careful to point 

out that just because network motifs exist; it does not mean that these similar circuits are 

duplicated one from another. It simply means that evolution, as a “tinkerer” seems to converge 

on the same network motifs time and again because these are the systems that have been proven 

to be the most effective for a wide range of biological systems. Once a motif has been defined, 

Alon claims, and a dictionary of sorts is completed, it will aid researchers in identifying different 

network motifs in each new network they come across, enabling a quicker identification and 

classification process.  

Each of these comparisons between biological networks and engineered systems may help 

humans understand and model natural systems. It is a huge task to undertake, to understand 

completely the vast range of cell-wide networks. The similarities between evolution as “tinkerer” 

and the engineer also raise the challenge, Alon states, of “understanding the laws of nature that 

unite evolved and designed systems.” 

 

Reverse Engineering Laboratory Experience 

 

A key aspect of the module is the reverse engineering laboratory experience. The students first 

conduct a reverse engineering investigation into an artificial object, such as a simple electric 

motor or an aquarium pump. Dissection is conducted and reverse engineering techniques and 

methodology is followed to determine the nature of the device and the details of its design. 

Necessary tools and instruction are provided to allow the students to safely accomplish this 

investigation. The students are required to write a report that communicates the details of their 

investigation and the conclusions that were drawn. 

 

The students next conduct a reverse engineering investigation into a natural motor or pump that 

is regularly found in biological systems at the molecular level. Unfortunately, since not all the 

students in this class (History of Quantitative Thought) are biology majors, and hence lack the 

skill and equipment to conduct such an investigation first-hand, this is a “second-hand” or 

“virtual” reverse engineering investigation. In other words, students will gather digital 
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information on the subject system reported by those who have conducted such investigations. 

Although perhaps not as valuable as a first-hand experience, students learn how to take 

advantage of the wealth of scientific and engineering information that is currently available on 

biological systems. Similar to the reverse engineering experience with the artificial object, 

students collect enough information to complete their investigation of the natural system, after 

which, they also write a report. In this report, they are asked to compare and contrast the 

workings of the artificial and natural systems, and draw conclusions with regard to the origins of 

each system. They are also asked to discuss any impact the module might have had on personal 

worldview and/or spirituality. 

 

Assessment of the Module and Conclusions 

 

Laboratory reports are graded and returned to the students in a timely fashion. Midterm and final 

examinations are conducted that contain questions relating to material from the module on 

reverse engineering. Grades from the laboratory reports and examinations are used to assess the 

achievement of the learning outcomes. Pre- and post-module test/surveys are also conducted to 

help with assessment of learning outcomes. Student comments regarding the effectiveness (or 

lack thereof) of the module are also requested, both at the end of the module and at the end of the 

course. 

 

A shorter, preliminary version of this module has been conducted with small groups of 

undergraduate engineering and honors students over the past few years. An overwhelming 

amount of positive feedback, both anecdotally and from student opinion surveys, has encouraged 

further development of the more comprehensive module, which will be implemented by the end 

of January of 2013, with more complete assessment data available for the final draft of this 

paper. Currently, assessment of the preliminary version, based on a five point Likert scale 

survey, indicates that participants are assisted in reconciling problems in science and faith (4.2), 

realize a greater sense of understanding and personal purpose (4.6), and are assisted in their 

ability to communicate with others on issues in science and faith (5.0).
58

 In other words, all the 

surveyed participants strongly agreed that they had been assisted in communicating with others 

on issues in science and faith. The assessment instrument is currently being rewritten to cover the 

more complete set of learning outcomes and revised terminology associated with the 

comprehensive module. It is anticipated that assessment results from students taking the 

comprehensive module will be similar to those who have experienced the preliminary version. 

 

Assessment results for the comprehensive module on the history and philosophy of reverse 

engineering in biology are very encouraging. Based on a five point Likert scale, students 

generally agreed that participation in the module helped them understand the history of reverse 

engineering in biology (3.8), helped them understand the philosophy of reverse engineering in 

biology (4.4), helped them understand current techniques and applications in reverse engineering 
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(4.2), taught them how to conduct an effective reverse engineering project (4.1), helped them 

reconcile modern biology with personal spirituality and worldview (4.3), and helped them apply 

principles of stewardship and wisdom in dealing with ethical dilemmas in biology (3.4). The 

relatively low score on the last item indicated that perhaps more time should be devoted to 

stewardship and ethics in the future. Ninety-two percent of respondents either agreed or strongly 

agreed that the module both helped them understand the philosophy of reverse engineering in 

biology, and helped them understand current techniques and applications in reverse engineering. 

Multiple respondents indicated their desire to have more time devoted to this subject. One 

respondent thought students should be “required to engineer/design/construct a device” rather 

than simply conduct a dissection. Another respondent appreciated being “asked thought-

provoking questions in regard to the implications of our findings.” Although the sample size is 

relatively small (class of 14 with 2 absent on assessment day: N=12), the positive results and 

feedback are motivating and informing the continuing development of this module for 

implementation in other courses at Oral Roberts University such as Introduction to Engineering 

and Biomedical Engineering Survey. 
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