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Dr. Yoram Romem  
The Cohn Institute for the History and Philosophy of Science and Ideas  

Tel-Aviv University, Tel-Aviv,  
Israel 

1. Introduction 

Darwin's theory of evolution by natural selection targeted the living parts of nature. This 
paradigm, which is one of the foundations of the living world, attracted scholars as a 
mechanism which might apply to other areas that change over time. 
This paper creates an analogy between Darwinian evolution processes and Expert Systems 
(ES), where human expertise is utilized by computerized technology. Firstly, Darwinian 
theory is applied to social and cultural areas in general; then, as a special case of culture, it is 
applied to science and technology; lastly, as a special case of technology, Darwinian 
processes are applied to ES. 
The revelation of the strong resemblance that ES bears to Darwinian processes may trigger 
new approaches for future generations of ES. 

2. Initial step: Cultural evolution 

A natural extension of Darwin's evolution theory is to the social and cultural behavior of 
humans. As physical characteristics are governed by genes, there is no reason to restrict the 
theory to this layer. Since behavior is a phenotypic (i.e. observable) phenomenon, and 
behavior includes social and cultural aspects, there is an obvious interest in studying how 
evolutionary ideas apply to these layers too.  
One of the earliest and most influential scholars to apply Darwinian theory to human 
cultural evolution was Donald Campbell. In his view (Campbell, 1960; Campbell, 1965), 
cultural inheritance is a process of imitation, in which successful people are imitated. This, 
of course, differs from natural inheritance which is "blind": the descendant cannot choose to 
inherit from his ancestor only the desired genes…. Cultural evolution includes all that 
humans learn from each other. There is a kind of "injustice" in this process, for what some 
individuals learn by themselves through hard effort others often imitate, typically at much 
less cost to themselves1. However, this "cheaper" way is not perfect and involves variations, 
intended or unintended. 

                                                 
1  Latour (1987) referred to another type of cultural inheritance (without using this term), by 
analyzing knowledge and expertise. While those who have the "real" knowledge (whom he 
called "insiders") know the actual facts and understand them, the others (whom he called 
"outsiders") have only the perception of the real knowledge, or "beliefs" in Latour's 
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As such, cultural evolution applies to technical knowledge, to the language, the habits, 
sentiments and ideas that guide participation in social and political life, systems based on 
belief, like religion, and artistic traditions.  
Cultural inheritance involves variation as humans pick and choose their adopted elements. 
Moreover, the inherited culture is modified by experience. On the other hand, each 
individual has only marginal influence on the group culture, which is shaped by the 
cumulative choices of the whole group. These cultural changes are the evolutionary forces. 
In some cases, natural selection operates directly on cultural variation. For example, the 
mortality rate for drunken drivers directly affects this type of cultural behavior. 
On a personal level there is a clear distinction between genetic and cultural inheritance: a 
childless person can still transmit his or her culture. Even if a person's genetic fitness is in 
doubt, he or she may nevertheless be favored by cultural natural selection if he or she 
succeeds and is influential. However, both approaches intervene in the theories of group 
selection: when the unit of selection is a group, e.g. a species, the forces that act must include 
both the social and cultural aspects 2.  
Socio-cultural forces affect Darwinian natural selection processes: natural selection will, for 
example, cause a species to develop appropriate measures better adapted to cool weather or 
other climatic conditions; similarly, societies and corporations find new niches in which to 
prosper in changing economic and competitive environments (surviving or disappearing, as 
the case may be, by natural selection processes)3.   
Just as evolution in living nature is based on many forces in the struggle for survival of any 
particular variation of species, cultural evolution is affected by various forces as well: in the 
economic market, for example, the success (or even survival) of a company or business 
depends on or is influenced by market conditions, workers' morale, government 
regulations, random catastrophes and so on. Also, in the case of cultural evolution, the 
variation is "guided" and the inherited transmission is biased, as people, societies and 
companies make changes in order to improve or even survive. Even the term "innovation" is 
used both in classic Darwinian evolution for variation, and obviously in social changes, 
especially in science and technology. 
An even greater connection between evolution in living nature and cultural evolution is 
found when considering cooperation and altruism vs. selfishness in both domains. In the 
classical Darwinian theory these phenomena were deeply researched, with the resulting 

                                                                                                                            

definition. Thus, the imitators (in the present context), acquire only the "surface" of the 
knowledge, gaining only perceived knowledge but not the real thing. This observation will 
be very important later as we focus on Expert Systems.      
2  Richerson & Boyd (2000, 4): "Suppose, for example, a tendency to be more cooperative 
arose through natural selection on cultural variation. A cultural environment might thus 
arise in which excessively belligerent or selfish individuals suffered discrimination or 
ostracism, reducing their chances of acquiring mates. A population composed of more 
compliant personalities would follow, perhaps quite rapidly on the paleontological time 
scale." Other theories suggest that selfish individuals might prosper when residing among 
altruistic societies, e.g. Dawkins (1976).   
3  In order to adapt to the dynamic economic and technological environment, companies 
need to change their strategies (e.g. find new niches) and their structure (e.g. becoming more 
responsive). 
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conclusion that cooperative species are usually better fitted in many cases of struggles for 
survival: "A tribe including many members who…were always ready to give aid to each 
other and sacrifice themselves for the common good, would be victorious over most other 
tribes; and this would be natural selection" Darwin (1871, 166)4.   
Once the theory of evolution has been found to relate to the phenomena associated with 
cooperation as a driving force affecting natural selection, the next logical step is the 
determination of the unit of selection. While genetic inheritance affects individuals, thereby 
pointing to their fitness as the selection criterion, the cooperation aspect may change this. 
Less fitted individuals can survive when the group forces "protect" them. The cooperation 
tactics employed by the whole group may change natural selection effects.  
The next step is a short one: if group tactics practically affect natural selection, then we must 
treat the "unit of selection" as group-centric and not only as gene-centric. According to this 
approach, in the struggle for survival, what matters (in addition to the fitness of the 
individual) is the group's fitness or ability to adapt to the environment and the threats5. 
This discussion reciprocally affects the altruism vs. selfishness dilemma: since altruism is, by 
definition, acting against one's immediate selfish benefit (e.g. sharing food with others, 
alerting the group while risking oneself, self-sacrifice), when considering the wider group 
aspects, one can benefit from the group's wellbeing. So may we refer to an altruistic 
behavior caused by selfish considerations…. 
The recognition of the importance of the group's characteristics, beyond the individual's, 
leads to focus on the forces that affect groups' behavior. Obviously, one of the main forces in 
human societies is culture, which like physical phenomena, is continuously changing, thus 
laying the basis for research of its variation, adaptation, survival and inheritance. 
In a sense, cultural selection operates sometimes to prevent natural selection forces from 
having their way: when societies and corporations make changes (like reorganization, 
replacing management, mergers etc.), they fight against the forces of natural selection that 
would otherwise extinguish them. Sometimes the fight is against problems created by the 
same self society, such as the contamination of the ozone layer, where both the fighters and 
the perpetrators belong to the same species. So, evolution provided us with the intellectual 
capabilities to create problems and then to solve them.    
Human societies created institutions (like universities) to enable better adaptation of the 
society to the dynamic environment by inventing new ways and technologies. This is their 
tactical way of guiding the way for the variations needed for adaptation and survival. 
Cooperation is another method of coping with threats in the struggle for survival, although 
natural selection sometimes favors uncooperative, selfish individuals6. Cooperation is, 

                                                 
4  In animals, self-sacrifice and other altruistic behavior is very common (e.g. vampires 
sharing blood, bees caring for the queen, vervet monkeys alerting the group while risking 
themselves). 
5  One of the scholars promoting the group selection approach is Wynne-Edwards (1962), as 
well as Campbell (1965) and Richerson & Boyd (2005). On the other hand, critiques like 
Williams (1966) and Dawkins (1976) emphasized the dominance of gene-selection over the 
group's aspects.   
6  Various scholars (e.g. Dawkins [1976]) contended that selfishness is the regular "winning" 
strategy for individuals, especially within cooperative societies. This may be traced to Adam 
Smith's "invisible hand" principle as a major theory of directing a society comprising selfish 
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therefore, part of the broader argument about the unit of selection (group or individual). 
This argument is even broader when applied to nations and states: the socialist system 
which included government controlled economies (maybe the ultimate example of 
cooperation is the multinational one), collapsed while capitalist paradigms prevailed7. 
However, when applied to former communist states, not all absorbed it at the same success 
rate. It seems that the cooperative forces are less dominant compared to open-mindedness 
for changes as a winning strategy.  
The ultimate outcome of cooperation, trust and collective decision making (which by 
definition apply only when groups are involved) is group selection on cultural variation: the 
survival of the fittest, in this context, relates to the culture of the group as a whole. Personal 
survival is not relevant, as even unfitted individuals (in the biological sense) may still 
transmit their culture. However, cultural group selections (e.g. political systems) affect only 
short-term phenomena (less than half a millennium), and not phenomena which take longer 
to develop. Capitalism vs. communism is an example of a short term phenomenon, while an 
example of a long term phenomenon is the transition from an agricultural society to an 
industrial one.  
The reason why humans were able to develop complex societies compared to other species 
seems to be what Darwin called their "social instincts". Other close species, like 
chimpanzees, could not adapt and cooperate by inventing tools and machines that need 
large-scale planning and cooperation in their cultural evolution. 
When we judge these social instincts using Darwinian methods, we should be cautious and 
not conclude as to which is better (or more fitted). Just as Darwinian evolution cannot 
predict future developments, we cannot state which of the various social approaches will 
prevail in the long run.  
The attractiveness in applying Darwinian theory when analyzing cultural processes is in the 
use of its methods of dealing with change. The forces which pertain in the global 
evolutionary equilibrium include religious fundamentalism (of various religions), 
liberalism, global weather, free market economics and the like. The immediate evolutionary 
effect can be measured by birth rates, which may be regarded as a measure of natural 
selection8, or standard of living.  Another force which affects cultural evolution is human 
"happiness" (i.e. what makes individuals more comfortable or "happy"), as a driver of 
preference among societies when variation exists. However, this force is difficult to monitor 
as it varies from society to society. Open economies as a driving force, on the other hand, 
seem to be directly correlated to dynamic change, especially technological change, which 
affects social change. 
The general tendency for people to cooperate and be trustworthy (at least within their own 
in-groups), to follow group norms, to be altruistic as expected when the group's well-being 

                                                                                                                            

individuals, however even he added another social aspect: "How selfish soever man may be 
supposed, there are evidently some principles in his nature, which interest him in the 
fortune of others, and render their happiness necessary to him, though he derives nothing 
from it, except the pleasure of seeing it" (Smith [1790, II.1]) 
7  After the recent global economic crisis of 2008-2009 we may see the signs of yet another 
needed adaptation cycle, mainly in capitalist societies.   
8  However, it is not clear what is meant by high birth rate: either a winning successful 
species or one doomed because of its inability to provide itself with food and therefore 
lagging behind.  
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is at stake – is basic to a social natural selection. In the struggle for survival, groups which 
developed high cooperative cultures were able to prevail when only a whole group effort 
could provide technological or economic solutions.   
The above ideas about cultural evolution lacked a major element which resides in natural 
evolution: the mechanism for transmitting the genetic information. Since genes provide the 
physical data platform which is transmitted by inheritance, there must be an equivalent 
mechanism in cultural evolution to make it a real "colleague". This missing link was bridged 
by Dawkins (1976), who coined the term "memes" to describe units of human cultural 
evolution analogous to the genes. In his book "The Selfish Gene", Dawkins contended that 
the meme9 is a unit of information residing in the brain and is the mutating replicator in 
human cultural evolution. 
Memes contain the information about habits, skills, songs, stories, or any other kind of 
information that is copied from person to person. Memes, like genes, are replicators. That is, 
they are information that is copied with variation and selection. Because only some of the 
variants survive, memes (and hence human cultures) evolve. Memes are copied by 
imitation, teaching and other methods, and they compete for space in our memories and for 
the chance to be copied again10. Large groups of memes that are copied and passed on 
together are called co-adapted meme complexes, or memeplexes. 
Blackmore (1999) took Dawkins' ideas to the extreme: as the memes are the replicators, they 
also have a selfish nature (like Dawkins' selfish genes). This selfishness drives human 
thoughts, talking, sex, and even communication instruments and Internet, for one major 
purpose: distribution of memes and their survival…The human large brain serves, of 
course, the same purpose; we are just Meme Machines (which is the name of her book). So, 
according to Dawkins and Blackmore, humans serve a dual purpose: the continuation of 
genes at the physical level, and the continuation of memes at the cultural level.     
Several scholars criticized Dawkins' ideas (and those of other cultural evolutionists as well), 
especially his neglect of human special characteristics which differentiate us from other 
species. The main weak point, in the view of the critiques, was the randomness of variation 
in Darwinian evolution theory, which is not applicable in the human case. One of the most 
extreme objections was Midgley's (1999) attack on Dawkins' theories11. She claimed that 
since humans are actively making choices, affecting their environment and not only being 
affected, their progress cannot be determined by the same scientific methods that are 

                                                 
9 The word “meme” has recently been included in the Oxford English Dictionary where it is 
defined as follows: “meme (mi:m), n. Biol. (shortened from mimeme ... that which is 
imitated, after GENE n.) “An element of a culture that may be considered to be passed on by 
non-genetic means, esp. imitation”. 
10  It seems that Dawkins missed the dual meaning of inheritance in his memes analogy: on the 
one hand there are ideas and habits that are just memorized as existing; on the other hand, 
there are ideas and habits which influence the behavior of the "descendants". The difference 
between simply storing the information without causing any behavioral change (or continuity) 
vs. transmitting behavioral direction is significant, I believe, in cultural evolution. 
Interestingly, this distinction is equally important in genetic evolution: in fact, most genes of 
most organisms play no direct role in changing - either their behaviors or their morphologies.  
11  Midgley also attacked Dawkins' attribution of selfish motivations to genes; this backfired 
on her when she was accused of misunderstanding Dawkins' metaphor.   
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applicable to other species. Another argument (Frank, 1988) was that in the case of humans 
emotions like love, sympathy, hate, preferences for fairness, anger or fear are strong 
incentives to people to react in certain ways; these emotions may even induce them to 
behave in ways not in accordance with conscious selfish rational calculus in a narrow sense. 
However even Frank concluded that emotions are a stable phenomenon in a selfish rational 
competitive environment12. 
Another criticism against Dawkins was of his elimination of God's role once evolutionary 
theories are adopted (McGrath, 2005). However, as religion is part of culture, it seems that it 
may nevertheless serve as an example of cultural inheritance, variation and evolution by 
natural selection.                
Whether fully or only partially, it is clear that cultural evolution resembles almost all the 
ingredients of "classical" Darwinian evolution in nature13. Next, we will take a special case of 
culture – science and technology – and examine whether Darwinian methods can apply and 
be helpful in creating deeper understanding. 

3. Second step: science and technology as an evolutionary process 

Campbell (1974) took another step towards the application of Darwinian theory to science 
(although we can consider science as a subset of culture, hence every aspect is relevant by 
definition), by comparing new ideas to mutations in genes: as a prerequisite for a mutant 
gene to be able to survive, it must first meet the structural selective requirements of "being a 

                                                 
12  I think that both Midgley and Frank attacked one of the weak points of the whole 
Darwinian evolution theory, and not only cultural evolution per se: the random variation 
component. While their criticism points to the intentional characteristics of human culture 
and motivation, it seems that there is a lack of any intentional direction or any kind of 
connection between challenges and the resulting "responsive" variations in the adaptation 
process, in current evolution theories. An initial step towards bridging the gap may be 
attributed to Jablonka & Lamb (2005), showing the existence of non-random semi-directed 
mutations and "induced and acquired changes" that play a role in evolution. They also 
strongly back the analogy between cultural and biological evolution.     
13  Darwin himself was rather surprised that his ideas were applied to social and cultural 
phenomena, but he nevertheless favored this approach: "You will readily believe how much 
interested I am in observing that you apply to moral and social questions analogous views 
to those which I have used in regard to the modification of species. It did not occur to me 
formerly that my views could be extended to such widely different and most important 
subjects." (Charles Darwin's letter to Hugo Thiel, 1869, in: Weikart (1995)). Darwin similarly 
corresponded with K. Marx as well. Later, Darwin adopted some of the cultural implications 
of his theory: "Selfish and contentious people will not cohere, and without coherence 
nothing can be affected. A tribe rich in the above qualities would spread and be victorious 
over other tribes: but in the course of time it would, judging from all past history, be in its 
turn overcome by some other tribe still more highly endowed. Thus the social and moral 
qualities would tend slowly to advance and be diffused throughout the world." Darwin 
(1871, Ch. 5). He also discussed the psychological forces driving human behavior in society 
while affecting evolutionary processes, e.g. the need to be praised by colleagues and to 
conform to the majority.  
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gene". Likewise, new scientific ideas must meet the implicit requirements of being accepted 
by the scientific community. Just as genes must adhere to the DNA "rules" which preserve 
the ever developing inheritance, the scientific community has its "tribal" continuity which 
must be maintained. There is a difference, however, between "illegally mutated" ideas and 
genes: ideas can still cause a paradigm shift which will make them "legal" in the new 
paradigm, whereas illegal genes (as defined above) will not survive.     
So, in Campbell's view, the survival of scientific ideas depends not only on their actual 
compliance with some objective truth, but also on their conformity to the tribal basic instinct 
for survival14. Similar ideas were expressed by Collins (1985) who coined the term "core set" 
(which basically means the leaders who keep the scientific tribe together). 
This criterion should be regarded as the environment which affects the natural selection of 
scientific ideas. Moreover, a strategy of maintaining tribal continuity is probably inherited in 
the scientific community and resides in the genes (or memes) of the members.  In a way it 
resembles the "selfishness" of the genes, as discussed in Dawkins (1976), where the main 
driving force for survival in the natural selection is described as the need to preserve the 
genes' continuity.  
After establishing the survival strategy, the next step must be to determine the variation 
mechanism: in natural Darwinism, it consists of random mutation and natural selection 
preferring the fittest; what is the equivalent in the scientific case? In fact, at first glance one 
might wonder if there is any resemblance, as science advances by logic, deduction, 
engineering and mathematical reasoning; how can these fundamental advantages of 
scientific thought be compared to a random, "blind" process? 
Campbell's (1960) second major contribution was indeed the insight of the pseudo-random 
nature of scientific progress. In his paper he describes scientific progress as something 
which cannot be deduced from prior knowledge. Each step which expanded knowledge 
beyond anything that could be deduced, was "blind" and taken in a trial-and-error process. 
Thus we may have found the missing element in the analogy between scientific progress 
and Darwinian theory: "A blind-variation-and-selective-retention process is fundamental to 
all inductive achievements, to all genuine increases in knowledge, to all increases in fit of 
system to environment." Campbell (1960, 2.1.1).       
Campbell was probably aware of the "hole" in his theory, which neglected the intentional 
nature of scientific progress, but he nevertheless contended that even planned steps (to 
which he referred as "shortcuts") are more blind than deductive.15  
A more comprehensive theory of how scientific progress is achieved was presented by 
Pickering (1995). He referred to the two sides, scientists ("human agency") and 
science/technology ("material agency"), as participating in the same "actor-network", 
mutually affecting each other. The technological progress is an unstable process until it 

                                                 
14  "An idea is not followed up because it would offend the laboratory head, or because it 
would give comfort to a rival research group, or because of lack of funding... an idea is 
rejected because of reasons why it will not work, or because of rumors that a trusted 
researcher is known to have tried it and failed." Campbell (1997, 8.12).   
15 "The many processes which shortcut a more full blind-variation-and-selective-retention 
process are in themselves inductive achievements, containing wisdom about the 
environment achieved originally by blind variation and selective retention." Campbell (1960, 
2.1.3 ).   
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becomes "tuned". As human agencies strive to advance by modifying the material agencies, 
they encounter "resistance" (i.e. things are not working exactly as planned), which in turn 
needs to be accommodated by further modification.  
This resistance-accommodation relationship was described as a kind of dance which has a 
direction. This direction is not straightforward and is continuously modified by redefining 
of the gaps and the new goals. This type of progress was called by Pickering "the mangle of 
practice", with an evolutionary type of unpredictable behavior.16  
Thus, Pickering was able to show that although technological progress appears to have an 
intentional nature coupled with engineering logic, it is much closer to the trial-and-error 
process judged by the force of natural selection, as are other evolutionary blind-variation-
and-selective-retention phenomena17.    
Lastly, as a special case of technological change, we will examine Expert Systems' 
fundamental paradigms, and endeavor to identify additional analogies with Darwinian 
evolution processes, beyond those that are common to every technology. 

4. Third step: expert systems in evolutionary perspective 

4.1 Knowledge renewal – expertise as an evolutionary process 
Expert Systems (ES)18 are based on a simple and attractive paradigm: since experts are able 
to perform better than others, if their unique knowledge is extracted, stored in a 
computerized system, and then made available to the "users" to be applied by them – we can 
achieve an expert-level performance by any user.    
However, there is a fundamental concern when we look at the future: may we assume that 
something that worked in the past will work in a similar way in the future? The underlying 
paradigm of ES is that if we apply the unique expert knowledge, based on past experience, 
in future events, we will be able to succeed. This assumption seems obvious, when applying 
the same rules repeatedly with the same results. However, various scholars warned in the 
past that this inductive assumption is dangerous. David Hume (1748), as early as the 
eighteenth century, doubted that any prediction of future events based on past experience, 
is justified. Karl Popper (1972) added the insight that we believe in causal relationship only 
because we observe the repetition of past results coupled with our expectation that there is 
an underlying rule which is the reason for them. Actually, claimed Popper, this is a 
deductive process rather than an inductive one19.  

                                                 
16  Others (Tenner (1997); Brown & Duguid (2000)) referred to the same phenomenon as 
"technologies bite back" and "fight back". 
17 "Scientists do not simply fix their goals once and for all and stick to them, come what may. 
In the struggles with material agency that I call tuning, plans and goals too are at stake and 
liable to revision. And thus the intentional character of human agency has a further aspect of 
temporal emergence, being reconfigured itself in the real time of practice, as well as a 
further aspect of intertwining with material agency, being reciprocally redefined in the 
contours of material agency in tuning." Pickering (1995, 20).  
18  The discussion on ES and the analogy suggested in this paper is limited to "Rule-Based 
Expert Systems", which are the most popular type of ES. Also, much debate exists on ES's 
successes and failures, limitations, social resistance and others; this paper deals only with 
the basic paradigms. A more comprehensive discussion on ES may be found in Romem 
(2007) and Romem (2008).    
19  Popper (1972) even named his book as providing "an evolutionary approach"… 
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So, if we want to be cautious, we should not just take for granted that what has worked in 
the past will do so in the future. Still, the rules are written in ES for future use, so perhaps 
this paradigm is too dangerous? 
A partial answer to this concern is that experts, at least the better ones, are aware of the fact 
that what has worked in the past might not work in the future. Those who are fixated by 
former experience, always performing as they did in the past, are probably not "good 
experts". Only those who are capable of adapting past experience to new circumstances may 
be considered good experts. The rules, which refer to past experience, are only adequate as 
one input for the right decision in a new scenario. This "adaptation" capability is most 
important for making a good expert20. 
The issue of adaptation is strongly related to the dynamic nature of the relevant 
environment. If everything is stable, including the goals, then we may expect that all the 
concerns about updates of the rules are less significant. Once there is a "steady state" where 
the rules function as a "close enough" recipe for decision making, there will be no need to 
change them. All that is required is to learn how to use them properly. However, we must 
assume that organizations experience continuous changes, where the business and cultural 
environments are dynamic. As ES are static in nature, the adaptation issue becomes crucial. 
There are various researches dealing with "adaptive expertise", trying to trace what makes 
experts employ adaptive capabilities21. However, the fact that experts can adapt better than 
others to new circumstances, is beyond our current knowledge extraction capability. This 
tacit, non-algorithmic and possibly intuitive capability, remains out of the reach of current 
ES, as further analyzed in Romem (2008). Since the need for adaptation originates from 
changes, and we assume that experts have good adaptation skills, the key to understanding 
this phenomenon is by trying to understand how successful knowledge changes occur. 
Various scholars described the process of knowledge renewal as "a trial-and-error process, 
which leads unconsciously to improvement without specifically knowing how we do it" 
Polanyi, (1957, 101). The dynamics of this process presents an obvious challenge to ES:  
"…beliefs held by individuals are modified through negotiation with other individuals…But 
the information encoded in a knowledge base is not modified in this way" Forsythe (1993, 
466). What is especially challenging is the innovation aspect. How experts find new ways to 
cope with new circumstances remains mystifying. Collins (1990) described innovation not as 
a structured methodological strategy, but rather more like a "gang of cutthroats" fighting for 
the wheel to direct a truck, with almost random result. Similarly, as mentioned in the 
previous chapter, Pickering (1995) described it as a kind of "dance of agencies" where 
human and material agencies participate in a "resistance – accommodation" relationship, 
resulting in unpredictable progress.   

                                                 
20  Polanyi (1958) found a clear distinction between assimilation of experience into an 
existing fixed environment, and the adaptation of a current framework according to the 
lessons of a new experience. The degree of novelty and an even heuristic approach is much 
stronger in the second case. In our case, the users of ES are required to perform the more 
challenging task of adaptation of the rules provided to them, which correspond to what 
Polanyi defined as "current framework". Shanteau (1992, 267) referred to "The competence 
seen in experts [which] depends on having stable strategies developed in response to their 
environments."     
21  E.g. Fisher & Peterson (2001). 
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Combining all the above observations on expertise renewal, a dynamic, trial-and-error 
process, with random steps, which eventually lead to improvements (or "adaptation") – it is 
tempting to compare it to a Darwinian evolutionary phenomenon. Darwinian Theory is 
based on similar processes and even uses similar terminology22. As revealed here, ES and 
Darwinian evolution have similar characteristics, apart from a crucial one: natural selection's 
retention criterion. How can we compare these two processes if there is no mechanism 
which determines the "winning direction"?  
A careful consideration may lead to an answer to the missing component: experts gain their 
positions as the ones who are able to adapt; the natural selection criterion is the survival of 
experts in their position. Those who do not adapt successfully do not survive as experts. 
Fisher & Peterson (2001) and Wineburg (1998) distinguished between "sure-footed" experts 
whose expertise is based almost solely on "prior knowledge" and experts who continuously 
seek new insights with a broader perspective, thus employing an "adaptive expertise". In the 
present context, the latter are the "winning species". 
Thus, we may have found the missing link: experts react to dynamic environments; they 
(sometimes unconsciously23) engage in trial-and-error processes while creating intuitive 
"mutations" of previous behavior; as long as they are successful, thereby maintaining their 
expert status, they have  successfully adapted; those who fail to adapt, are passed over as 
future expertise reference.  
Although the analogy contains all the required ingredients, it seems that one step is weaker 
than the others: the variation step. While biological variation originates from random 
mutations, the usual strategy of experts when striving to solve an unprecedented problem is 
not to try "all" possible mutations, at random, until one prevails; they rather apply more 
thoughtful considerations, favoring those directions which seem to offer better solutions24.  

                                                 
22  In the classical Darwinian Theory literature, the terms of "random variation", "mutations", 
"adaptation" and "survival of the fittest" are fundamental. The last is discussed in this 
section; another basic Darwinian term – "inheritance" – is discussed in the next section.     
23 Penrose's (1989) analysis reveals a somewhat surprising conclusion about the way 
humans make decisions: their consciousness enables them to make "non-algorithmic" 
decisions; only when they are unconscious do they make pre-defined procedural decisions. 
Therefore, we can conclude that rule-based Expert Systems are closer to simulated 
unconscious decisions. Unlike ES, when experts make conscious decisions, these decisions 
may be different from their corresponding rules…  
24  Brandon (1994) contended that humans, unlike other species, act thoughtfully. 
Combining this idea with Penrose's (1989) (mentioned above) about humans' conscious non-
algorithmic behavior, it may strengthen the concern that Expert Systems' rules can only 
cover unconscious decisions by experts. However, one explanation is that the reason  that 
experts' conscious decisions seem to be intuitive/tacit/non-algorithmic is because the 
experts do not know their algorithm; yet when experts make conscious decisions (or 
thoughtful, as Brandom would say), the fact that they cannot tell us how they did it, may 
suggest that at the moment of decision they made it unconsciously. So, there might be some 
underlying rules which caused the decision (although experts are not aware of them). This 
means that even conscious decisions may be governed by rules; we simply asked the wrong 
person…    
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This difference between the human approach to solving unprecedented problems and 
nature's approach may indeed be regarded as, on the one hand, a gap in the analogy 
revealed in this paper and, on the other hand, a trigger for further research. For such 
research two potential directions are recommended: one, in the area of "genetic algorithms" 
– which currently imitate nature's approach by applying random variations when trying to 
find the best way to solve a problem; and the other in the post-Darwinian evolution theory 
itself – by seeking some hidden mechanism in the genes that reacts to problems which the 
species experience. I believe that such a mechanism which "shortcuts" the blind-variation-
and-selective-retention process (by making it less blind) will make the evolution theory 
more comprehensive. 
The two suggested areas of further research may strengthen the analogy suggested in this 
paper; nevertheless, there are much more important reasons for adopting them. In any case, 
the similarities between knowledge renewal (in life and in ES) and evolutionary process 
were shown; we are ready now to turn to another area of resemblance: the inheritance 
process.              

4.2 Knowledge transference as an inheritance process            

ES’ common process of knowledge transference from experts to the users seems to be very 
straightforward: the expert tells a "Knowledge Engineer" (KE) all the details of his or her 
knowledge, than the KE codifies the knowledge as rules in the Knowledge-Base (KB) of the 
ES. These rules are in the form of: IF {A} THEN {B}: when situation {A} occurs, the users 
should do {B}. This process of knowledge extraction from the expert and the use of it by the 
user are described in figure 1. 
 

 

Fig. 1. Knowledge Transfer in Expert Systems 

The goal of knowledge transfer is to enable the non-expert to act as an expert, or to be 
regarded by the outside world (above the dashed line in figure 1) as an expert. Adopting the 
Darwinian connotation, we may define the behavior of the expert as the phenotypic 
characteristics which should be transmitted to the non-expert, like an inheritance process 
(the upper arrow in figure 1). This can be regarded as "memetic" inheritance (using memes 
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as the unit of selection). It differs from the original Darwinian inheritance only in that it is 
not between generations but rather between colleagues, but this is similar to any cultural 
evolution.  
This difference should not detract from the analogy: Mameli (2005) contended that even the 
use of the term 'inheritance' for genetic transmission was always a metaphorical one. In his 
view, the reference by evolutionists (including Darwin himself) to the practice of parents 
giving property to their offspring to describe the "like-begets-like" phenomenon, should not 
mislead us in our research. In fact, knowledge transference and genetic inheritance seem to 
be closer than the original metaphor of gift of property: unlike the latter which involves the 
transition from one owner to another, in the knowledge case as well as the biological case, 
the donor remains in possession of the original "property".        
Now, the next step is to examine how this inheritance mechanism is implemented in ES: the 
knowledge is articulated as rules in the Knowledge-Base (KB). Thus the rules in the KB are 
in essence the "code" representing an expert's behavior, just as genes are the code for the 
characteristics of any species. In other words: rules represent expertise, just as genotype 
represents phenotype. This relationship is shown in figure 2. 
 

 

Fig. 2. Knowledge Transfer in Expert Systems 

In the expertise inheritance process, the expert is asked to articulate his or her expertise. 
There is a hidden assumption in equating what we are doing with what we think or say we 
are doing namely, that when we do things we can always tell how we did them. This 
assumption is found to be wrong. This is marked in figure 2 in the gap between the expert's 
mind and the expert's words.  
This gap was recognized by various philosophers such as Polanyi who argued that there is a 

distinction between practicing expertise and being able to explain it explicitly: “the aim of a 

skilful performance is achieved by the observance of a set of rules which are not known as 

such to the person following them” Polanyi (1958, 49). His conclusion: “even in the modern 

industries the indefinable knowledge is still an essential part of technology”. For this kind of 

indefinable knowledge Polanyi coined the term "tacit knowledge". 
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This is a rather surprising observation, as people naturally tend to assume that experts know 
the rules by which they practice their expertise. Examples include: the skill of swimming, a 
cyclist's balance, the ‘touch’ of the pianist, flying, skiing, cooking and many others. It is very 
difficult for experts to shift their attention from doing what they are doing to being aware of 
how they are doing it. In many cases, they cannot do both at the same time Polanyi (1957; 1958).  
The point is that describing explicitly what one does requires different skills from just doing 
it25. Proclaimed experts will have "earned" their title not on account of any skills of 
articulation they may have but because of their practicing skills. Yet, the whole process of 
knowledge transfer relies heavily on the ability of experts to describe what they do, 
something in which they are not experts at all.      
But after our conclusion that knowledge transfer resembles inheritance in evolution, this 
difficulty is not so surprising: determining the underlying rules from the behavior of the 
expert is similar to determining the genetic structure from the phenotypic appearance… Just 
as the latter is not likely to succeed, we should not be surprised about the tremendous 
challenges that are encountered in expertise transference.  
Another challenge was pointed out by Mameli (2005); in his view, simple DNA-copying is 
not sufficient for transmitting the full phenotypic behavior which is influenced by the 
environment and culture in a non-genetic way. ES knowledge transference resembles the 
same phenomenon: the rules must be interpreted in the context of the original environment 
when they were coded. As this environment is not part of the rules themselves, following 
them may produce wrong results.  
There is a limit, however, to the suggested analogy: in the ES case, there is an ultimate 
measure of success: users performing in an expert-like way or being able to do "the right 
thing" as needed; in the genetic inheritance case the measure of success, if any, is more 
vague. Is the offspring "as good" as the ancestors? It seems that this direction is more 
philosophical than practical, although one may conclude, in the Dawkins' way of thinking, 
that the success of genetic inheritance is in the survival and continuity of the genes.           

5. Conclusion    

In summary, there is a close analogical relationship between Expert Systems fundamental 
processes and Darwinian evolution processes: Just as evolution reaches a stabilization phase 
only after a successful mutation survives the natural selection, so does the new knowledge 
of the expert become a habit and noticeable only after it has been successfully transmitted as 
rules in the Expert System26.  

                                                 
25  Polanyi (1958, 88) summarized this phenomenon: “I know that I know perfectly well how 
to do such things, though I know the particulars of what I know only in an instrumental 
manner and am focally quite ignorant of them; so that I may say that I know these matters 
even though I cannot tell clearly, or hardly at all, what it is that I know.” Polanyi (1957) also 
quoted Gauss: ‘I have had my solutions for a long time but I do not yet know how I am to 
arrive at them.’ 
26  This is not enough to make the new knowledge inheritance successful: Romem (2008) 
showed that even if the rules are correct, the user might wrongly interpret them, the future 
scenario might be different, the goals or motivation for acting in a certain way may have 
changed and various other conditions may cause unexpected results.    
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The challenge of transforming phenotypic new knowledge to genotypic new explicit rules is 
the articulation challenge. In this analogy, rules in the Knowledge-Base act as does DNA in 
humans. The rules are implicit in their phenotypic phase and become explicit in their 
genotypic phase, thus enabling "inheritance" by the users. This inheritance is, in a sense, the 
goal of Expert Systems. 
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