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EXECUTIVE SUMMARY

A pattern of life is an observable manifestation of an underlying regularity in human behavior. The
operation of social mechanisms provided in this report explain how such manifestations can depend
on the activities and interactions of individuals.

Diagrams and other representational models are shown throughout this report to help bring an
understanding of the workings of such mechanisms and their relationships to the patterns of life that
they are responsible for. Additionally, this report focuses on approaches to understand and measure
the regularity of the responsible mechanisms.
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A simplified illustration of the feedback regulation of the period gene. A) Both period
MRNA and PER protein oscillate, with PER protein accumulating several hours
after the peak in period mRNA. PER protein localizes in the nucleus, and the

period gene activity oscillates as a result of PER protein feedback inhibition of

its own gene. B) Additional proteins are essential for the oscillation of the period
gene. TIM protein, encoded by the timeless gene is also oscillating and interacts
with PER protein. The interaction is critical for PER protein nuclear accumulation
and repression of the period gene. DBT protein is encoded by the double-time
gene. DBT is a protein kinase that phosphorylates PER, leading to PER protein
degradation. DBT-mediated PER protein degradation contributes to the delay
between period mMRNA and PER protein accumulation. CLK and CYK,

encoded by the clock and cycle genes, are two transcription factors that
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1. INTRODUCTION

1.1 OVERVIEW

Existing characterizations of patterns of life [4], [6] do not provide enough information to determine
what a representation of a pattern of life would actually have to represent, in order to be adequate or
useful. Nor do they provide criteria that might be used to distinguish spurious patterns of life from real
ones. Based on the existing work, the characterization of patterns of life provided below tries to fill in
these gaps.

Section 2 provides a characterization that facilitates both representing patterns of life and a way of
verifying their existence. Patterns of life are characterized in terms of mechanisms, following a style
of thinking that is becoming common across the sciences, in medicine, and elsewhere. In this way of
thinking “a mechanism for a phenomenon consists of entities and activities organized in such a way
that they are responsible for the phenomenon” [9, Page 119], where a phenomenon is something
observable. Section 3 discusses the kinds of mechanisms that are adequate for explaining patterns
of life. Section 4 discusses representations of patterns of life based on the characterization from
Section 2, and also discusses exceptions to such patterns. Section 5 presents a tentative approach to
the tricky issue of how much and in what way the operation of a mechanism has to be regular, in
order to count as a pattern of life. Section 6 concludes with a summary of content presented.

2. CHARACTERIZING PATTERNS OF LIFE

A pattern of life is an observable manifestation of an underlying regularity in human behavior.
Here human behavior is meant in the broadest sense to refer to the behavior of individual people, of
groups, teams, crowds, and organizations of people, and—more abstractly—of cultures and
societies; the term actor will be used to refer to any of these.! And behavior is meant to refer to
some meaningful activity or activities of actors, and those activities are assumed to be composed of
simpler actions by actors,? some of which can actually be observed.® In what follows the term
entity will be used to refer to a broader category that includes actors, their equipment, and features
in their environment. Most behaviors are interactions between and among multiple entities, some of
which will be actors; all behaviors last through some period of time; some behaviors are regular.
Finally, the term phenomenon is popularly used to refer to observed happenings that are somehow
attention-getting, perhaps because they are unusual or otherwise notable. And so in these terms a
pattern of life can also be characterized as a phenomenon that is brought about by the activities and
interactions of some entities that are related to that phenomenon, where the right kind of regularity is
involved.

L1t makes sense here to regard lower-level actors, such as teams, as parts of higher-level actors, such as
organizations.

2 And it makes sense here to regard actions as mainly temporal parts of activities.

3 Careful consideration shows that behaviors are also organized by a different relation (other than parthood), in
which higher-level behaviors occur because other lower-level behaviors are also occurring. This is pointed out in

[4].



Different kinds of regularity will be discussed in Section 5. But for now it should be noted that
regularity is important because exceptions to or deviations from regular behavior can be informative.
For example: “the Abbottabad compound suggested immediately the possibility that bin Laden was
living there. Extraordinarily high walls, barbed wire, no telephone or Internet service, trash burned
instead of put out for collection like everybody else’s, children not going to school.” [17] Here
obviously the informative exceptions included burning the trash inside the compound instead of
putting it out for collection and keeping the children out of school instead of sending them, and the
regular behaviors in this example would be just what everybody else did. Such exceptions to
regularity are discussed in Section 4.4. Finally, an observable manifestation—a phenomenon—is not
only something that gets attention, but also something that calls for an explanation. The next section
discusses a way of explaining the phenomena known as patterns of life.



3. SOCIAL MECHANISMS

If regular behavior is what everybody—apart from exceptions like the bin Laden Abbottabad
compound—does, then what is it that they actually do, that results in some observable pattern? For
the specific behavior of putting trash out for collection, something more can be said about this.

In general, every household produces a surplus of solid waste in the forms of organic garbage,
paper, plastic, glass, and metal (in roughly that order). And in general, every community of
households has organized ways of processing that surplus. Locally, each household can participate in
this organization in different ways. But there are patterns. Survey data [10] indicates that in urban
areas of Abbottabad, 12% of households report being serviced by door-to-door municipal trash
collectors, and 47% report that municipal workers collect garbage in their areas and carry it to
designated collection points, while in rural areas only 3% of households benefit from this collection
service.* Additionally, the same survey suggests that up to 90% of households are also served by an
informal Kabari system of trash recycling.® Since the Bilal neighborhood of Abbottabad where the
bin Laden compound was located is a higher class area®, it is likely that it was part of the 47%, and
possibly even the 12%.

Statistics show differences in trash collection participation in Abbottabad, and the hypothesis here
is that this correlates locally with other social factors. But what could explain a connection between
the general social status of a neighborhood, or the general cost of construction of the houses there,
and the regular participation of the households located in that neighborhood in some form of trash
collection system (either municipal or informal)? What connects social variables or factors like class
status, wealth, community, neighborhood, and household with trash collection systems (which
themselves involve interacting social variables like funding, competition, bribery, and class status)?
Where is the pattern?

4 These 3% are households of influential individuals who reside in the outskirts of town [10].

5«“Scavengers and scrap dealers (kabaris) ... collect reusable materials from garbage dumps or purchasing such
items directly from households. ... Theirs is a significant contribution to waste management in the district.” [10]

6«Abbottabad is known ... for its ... well-regarded schools and colleges.... Bilal Town is one of its
most upscale neighborhoods, an area with large, sometimes garish houses and open fields” [18].



One way to arrive at the kind of explanation that is called for here is to look for social mechanisms,
and to find regularities in the operation of these mechanisms. In mechanistic explanations in general
the occurrence of phenomena, such as patterns, is explained as the operation of mechanisms, and
mechanisms are just bounded collections of actors interacting is some organized way [9]. For social
mechanisms in particular, this kind of explanation has a further degree of organization into three parts.
When successful, then the operation of the social mechanism shows how higher-level (“macro’) social
facts are grounded in lower-level (“micro™) facts, which in turn bring about other lower-level facts,
which then in turn underlie some other higher-level facts, which were to be explained.

Instead of analyzing relationships between phenomena exclusively on the macro level,
one should (1) identify the situational mechanisms by which the macro environments in
which actors are embedded—organizations, fields, networks, etc.—shape actors’
opportunities, goals, beliefs, etc., as well as (2) the action-formation mechanisms that
show how these opportunities, goals, beliefs, etc. influence the actors behavior, and
finally (3) the transformational mechanisms that show how the behavior of many
individuals jointly brings about various intended and unintended macro outcomes. Only
by considering the entire chain of situational, action-formation, and transformational
mechanisms, have we explained the observed macro phenomenon [7, page 94].

So for the Bilal case, the situational mechanism might talk about how rising class status is
correlated with acceptance of “modern” waste management systems, the action-formation
mechanism might explain how acceptance leads to arranging for the servants to get the trash to the
collectors, and the transformational mechanism might explain how the collective behavior of
household servants leads to observable participation in some trash collection system. This makes
sense, but actually filling in all the details is hard, and requires training. Nevertheless, this example
shows a case where the operation of a mechanism can explain a pattern—something observable, and
where exceptions to the pattern can be significant.



4. REPRESENTING PATTERNS OF LIFE

In Section 2 a pattern of life was characterized as an observable manifestation of something, and
Section 3 suggested that such manifestations were constituted by the operations of organized
activities and interactions of social actors. And further, it was suggested that some kind of regularity
was involved, in order to justify calling the observable phenomenon a pattern. This section discusses
how representations or models can be useful for both discovering and then presenting:

1. phenomena,
2. the relations between phenomena and their underlying mechanisms, and

3. the mechanisms themselves, and their operation.

Examples of such representations, especially diagrammatic representations—charts, graphs, and
other kinds of diagrams—will be presented in the following subsections. For social mechanisms the
most common diagram is the Coleman diagram [22], shown in Figure 1.

Figure 1. The Coleman diagram. From [22].

The intent of the Coleman diagram is to represent a social mechanism, that is, to illustrate how an
observed social relation between nodes A and D in the diagram can be explained by following an
explanatory path through nodes B and C. There are four kinds of nodes in the diagram, which are
distinguished by both the level at which they participate and also by the two ways (vertically and
horizontally) in which they participate in the explanation. A nodes are considered to be higher-level
social factors that might determine social phenomena and that also might influence lower-level actors.
D nodes are social factors that seem to correlate with A nodes. A nodes and D nodes are
characteristics of the social environments or social contexts of the lower-level actors. B nodes
represents characteristics of actors and their situations. Examples of such characteristics are “beliefs,
desires, goals, values, preferences, motives, emotions, habits, routines, scripts, heuristics, cognitive
schema, and identities.” [22, page 6] C nodes represent behavioral outcomes, which can be choices,
behaviors, or actions. C factors both result from B factors and are important for explaining D factors.
The arrows in the Coleman diagram refer to the three parts of the overall mechanism, as mentioned in
Section 3. Reference [22, page 20] points out that the original use of the diagram was to emphasize the
importance of arrow 3, the transformational mechanism. It is often assumed that social D factors are



merely aggregates of many individual C factors, but a number of clear results show how this assumption
is wrong in even very simple settings. The diagram shows where in the larger argument this erroneous
assumption lies, and thus points out which mechanism discovery steps need to be refined. Thus the
diagram helps a researcher to think more clearly about where weaknesses in the overall explanation
occeur.

4.1 REPRESENTING PHENOMENA

In a number of areas of science (and also in medicine) mechanism discovery precedes by creating
different, and different kinds of, diagrams during different phases of the process. In [1] these three
kinds of diagrams are referred to as phenomenon diagrams, explanatory relations diagrams, and
mechanism diagrams. A phenomenon diagram is used to represent some observed relation,
potentially corresponding to arrow 4 in a Coleman diagram. A phenomenon diagram is often a
simple line graph, as in Figure 2.



Figure 2 shows a clear pattern: whenever there is a change in spending there is a corresponding
change in the suicide rate, and the correlation is strongly positive. But is this pattern really a pattern
of life?” According to the characterization given in Section 2, the answer is: not yet. What is still
missing is the connection to some social mechanism that would bring about this pattern, regularly
enough to explain the strong correlation. In other words (i.e., in Coleman diagram terms) what is
missing are the B factors and the C factors, and the three component explanations for arrows 1, 2,
and 3. Only then would Figure 2 become a representation of a real pattern of life, rather than just a
spurious correlation.

US Spending on Science, Space, and Technology

correlation to Suicides by Hanging, Strangulation and Suffocation
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Figure 2. A correlation (r = 0.99789) between two social factors, from [19].

4.2 REPRESENTING EXPLANATORY RELATIONS

The next step in mechanism discovery is to find correlations between the factors that form the
pattern to be explained and other factors that can be part of an explanation for the pattern. These
other correlations are called explanatory relations, and they can be inspected for clues about missing
parts of a potential explanation by looking at diagrams which represent what is known so far about
the mechanism in question. In order to continue following the development in [1], this subsection
(and the following one) will switch from a “sociological” example, where the higher level involves
social groups and the lower level involves individuals, to a “biological” example, where the higher
level involves organized groups of cells, and the lower level involves individual cells. Conveniently,
the biological example focuses on exactly those aspects of the daily behavior of all living organisms
which form patterns, of which there are many.

An explanatory relation diagram is much like a phenomenon diagram, but it has a different
purpose. “What makes a particular diagram explanatory is that one or more of its variables is not
among those portraying the phenomenon but is causally linked to it—often due to its role in an
existing or emerging mechanistic explanation” [1, page 123]. Figure 3 shows how the Coleman
diagram represents such linked variables.

" The point of the original Figure 2 seems to be to show that appearances are deceptive, because intuitively the
correlated factors cannot possibly be related. But the point could just as well be that untrained intuition is weak, and
isn’t very good at finding explanatory relations.



Reference [3] was an investigation that tried to show that population encoding was an explanatory
relation that could explain how a “team” of neurons in a small area of the brain could regulate the
daily behavior of laboratory mice as precisely as it does. Reference [1] uses this work as their
primary example of mechanism discovery in action. By the time that the work in [3] was being
performed, researchers already knew that:

1. in general, most living organisms exhibit circadian behavior;®

2. individual cells in the organs of mammals contain autonomous molecular genetic circadian
clocks that drift unless they are entrained (i.e., synchronized) somehow by a master clock, or
“pacemaker”;

3. that a small area of the hypothalamus, called SCN®, is where the master clock is located;

4. that the tens of thousands of neurons in the SCN must be synchronized among themselves in
order for the SCN to function as a master pacemaker for the rest of the organism.

SCN behavior Organism behavior
|/j1\‘ ! "/1; )
£ ) |
N fLJ
\\ 1 3 ,I /
\ . - , ’
(B p---m-Zeee- +L/ C J\:
_/ N 4
SCN neuron clock Unknown

Figure 3. The research context of [3]. The dashed arrows and
the grey node were open research questions.

8<The period of a biological rhythm is tied to the 24-h rotational movement of the Earth. Organisms across
different domains of life evolved timing mechanisms called biological clocks to coordinate function and behavior to
specific times of the day. Each day environmental cues such as light and temperature reset your biological clock in a
process called entrainment.” [12]

9 The superchiasmatic nucleus (SCN) contains 20K neurons. It receives information about ambient light from the
eyes.



So in terms of the Coleman diagram in Figure 3, the A nodes represent the “social behavior” of the
neurons in the SCN, and the D nodes represent circadian behaviors of the organism*°, arrow 4
represents the relation to be explained, and the dotted lines in the diagram shows just how much of
the social mechanism remained to be explained, at the time of [3].

The B nodes are clearly the individual autonomous circadian clocks of the SCN neurons, and C
nodes are the circadian clocks in the cells somewhere (unknown) in the tissues of the organs in the
rest of the body of the organism. Some things are known about the relation shown by arrow 2 in the
diagram: control signals flow from the SCN neurons through both sympathetic and parasympathetic
pathways. [13] Arrow 3 is mostly an unknown.'* And arrow 1 in the Coleman diagram is what the
researchers in [3] were trying to understand: how does the organization of the neurons in the SCN
synchronize the individual clocks in those neurons?

The authors of [3] used an elaborate series of measurement techniques in order to produce
information that they could represent in different kinds of phase diagrams, and they argued that the
patterns seen in those diagrams was characteristic evidence of population encoding. Time has shown
that the organization of the SCN is more intricate than the authors of [3] must have imagined, but the
point remains that researchers discover—or attempt to discover—mechanisms using intermediate
constructs, represented diagrammatically, that they hope will lead to complete mechanisms.

10 Such as wheel running by laboratory mice in experiment [3].
11 How for example, would the activity of the individual cellular circadian clocks be organized so that it would
affect the circadian wheel-running behavior of laboratory mice?



4.3 REPRESENTING MECHANISMS

Once the picture of the mechanism underlying a pattern begins to emerge, diagrams of the
mechanism itself become an important part of the investigation. Although the overall mechanism
represented in Figure 3 is still mostly unknown, the B node mechanism (i.e., the neuron clock) was
discovered in the 1990’s and has been since refined.

The Nobel Prize in Physiology or Medicine 2017 was awarded jointly to Jeffrey C. Hall, Michael
Rosbash and Michael W. Young “for their discoveries of molecular mechanisms controlling the
circadian rhythm” [15]. The Nobel Assembly at Karolinska Institute provided advanced information
for the 2017 awards ceremony which contained Figure 4, as a representation of the mechanism that
the recipients had discovered. The discovery was essentially that a fact from systems theory—that a
negative feedback loop produces oscillations—was actually realized in a molecular genetic
mechanism within living cells.

Figure 4.A shows what was discovered in 1990 by the prize winners, and Figure 4.B shows a
number of additional factors which are now known to regulate the oscillation to make it occur
approximately daily. The authors of [1] comment that:

the two mechanistic diagrams in Figure 4 provide just a glimpse of the diverse formats, styles,
and uses of mechanistic diagrams not only by circadian researchers but across a broad range of
fields. They are ubiquitous in laboratories: stacked on desks, inserted into lab notebooks, drawn
on whiteboards with warnings not to be erased, and so forth. These diagrams support scientists’
cognitive activities as they develop mechanistic explanations and revise them in the light of new
findings. Some are used as well for communication and interaction within the research group or
in presentations. A very small number get published.[1, page 129]

So if patterns of life depend on the underlying “social” mechanisms that are responsible for them,
then can understanding the workings of those mechanisms, using diagrammatic representations, lead
to understanding of the corresponding patterns of life? If the behavior of scientists is any indication,
then it seems that the answer here is yes.

10



Nucleus

Figure 4. A simplified illustration of the feedback regulation of the period gene. A) Both period
MRNA and PER protein oscillate, with PER protein accumulating several hours after the peak in
period mMRNA. PER protein localizes in the nucleus, and the period gene activity oscillates as a
result of PER protein feedback inhibition of its own gene. B) Additional proteins are essential for
the oscillation of the period gene. TIM protein, encoded by the timeless gene is also oscillating
and interacts with PER protein. The interaction is critical for PER protein nuclear accumulation
and repression of the period gene. DBT protein is encoded by the double-time gene. DBT is a
protein kinase that phosphorylates PER, leading to PER protein degradation. DBT-mediated
PER protein degradation contributes to the delay between period mRNA and PER protein
accumulation. CLK and CYK, encoded by the clock and cycle genes, are two transcription
factors that activate the period gene. [After 16]

11



4.4 REPRESENTING EXCEPTIONS

Section 2 pointed out the importance of exceptions to patterns of life: the bin Laden compound in
Abbottabad stood out for analysts precisely because it did not fit with the local patterns of life. But
what does “not fit with” mean, really? This section looks at that question and tries to extend the
mechanism—based methodology for investigating patterns of life to the investigation of their
exceptions.

Once a pattern has been shown to be connected to an underlying mechanism, and the workings of
the mechanism itself have been illustrated—i.e., once a pattern of life has been shown—then what
about exceptions to the pattern? Here too representations are helpful, and for similar reasons. One
area where the investigation of exceptions is important, because it now matters or will matter to
everyone, is medicine. On one view, if the typical pattern of life is health, then disease becomes an
exception to that pattern. On this view—called the “broken normal” view—disease is characterized
as a “normal” healthy mechanism, but with some broken parts and/or some broken interactions. This
view, while intuitively appealing, has been criticized on several grounds, including its reliance on the
notion of “normal”. An influential alternative view, proposed in [14], reverses the perspective on
characterizing disease. This alternative view notes that over the course of time medical research fills
in the details of how healthy mechanisms operate by examining the details of how disease
mechanisms operate. In doing this, most exceptions turn out to be mere anomalies and are ignored,
but some are actual abnormalities, and are taken as evidence of an underlying pathology.*? Reference
[14] also notes that the behavior of disease mechanisms is different'®, and proposes that in fact
disease mechanisms are built from chains of healthy mechanisms, perhaps suitable altered so as to
support the pathologies exhibited by the disease mechanism. Reference [5] presents a form of
diagram that has been tailored for representing exceptions to patterns in this sense of abnormality
(versus anomaly). The idea is that when researchers are investigating the causes of diseases, they are
really constructing or refining disease mechanisms in order to understanding precisely where
therapeutic interventions can be beneficial, in order to restore health. Figure 5 shows two such
disease mechanisms, and as is apparent from the figure, disease mechanisms are structurally more
complex than healthy mechanisms in that they may contain both alternate and paralleled chains of
embedded mechanisms.

12Reference [14] calls healthy mechanisms “physiological mechanisms” and it calls disease mechanisms
“pathological mechanisms”.
13 In particular, it points out that
— the outcome of disease mechanisms is variable, but the outcome of healthy mechanisms is regular;
— disease mechanisms are less constrained by dependable background conditions than healthy mechanisms
are; and

— disease mechanisms are ambivalent, where healthy mechanisms are always beneficial.

12



Returning to the example of bin Laden’s Abbottabad compound, how might the representation
technique of Figure 5 be applied? First, exceptions like burning the trash inside the compound and
keeping the children out of school, instead of being treated as anomalies, would be treated as
evidence of underlying social pathology.* Second, general properties of pathological social
mechanisms—such as cults, cartels, and the Camorra, and of how they are constructed from chains of
suitably altered “healthy” social mechanisms, would be brought to bear. And third, for the particular
case at hand, a diagram such as the ones in Figure 5 would be developed, connecting the observed
abnormalities to the candidate pathological mechanism.

14 It has been reported that bin Laden’s neighbors assumed that the compound’s occupants were devout religious
conservatives, and might therefore have kept the children out of school in order to keep foreign or “Western” ideas
out. Evidently this pattern of behavior was subverted in this case, in order to keep information in.

13
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5. CHARACTERIZING REGULARITIES

A number of people have observed that regular behavior is not necessarily something that occurs
always or most of the time. Even for the bin Laden compound trash collection case, it seems as if the
relevant regularity might only be occurring 12% of the time. So if regularity is not typicality® or
normality, then what is regularity, really? A tentative approach to answering this question might
begin by asking how regularity could be measured. This approach would then try to characterized
regularity by looking at whether regularity is a measureable property of mechanisms, and if so, then
what kind of measurement process would be applicable to it. An important observation comes from
reference [2], which examines in detail the locations within the operation of a mechanism where
regularity can occur. These are:

1. Regular occurrence of startup conditions,

2. Regular triggering of the mechanism once startup conditions occur,

3. Regular operation of specific activities connecting the entities within a single mechanism,

4. Regular production of termination conditions once the mechanism has been triggered.
This is a partial list, and reference [11] adds:

5. Regular occurrence of the connection between the mechanism and the phenomenon that it
explains.

So it seems that different measurements of regularity can come from different organizational
locations in the overall structure of a mechanism. And the next question would then be: how do these
different measurements combine together, to give an overall measurement of the regularity of the
whole mechanism?

A clue here comes from looking at the relative regularity of related mechanisms. Potential cases of
related mechanisms that might show relative regularity are described in earlier sections of this paper:

1. Disease mechanisms are constructed from chains of suitably modified healthy
mechanisms and it is plausible that in order for some disease mechanisms to
operate, the operation of the underlying healthy mechanisms must be more regular
than the operation of the disease mechanism.

2. Circadian rhythms in living organisms are entrained to ambient rhythms in the
organism’s environment such as the daily rhythms of light and darkness caused by
the rotation of the earth, and it is plausible that in order for the circadian rhythms to
fulfil their functional role, the ambient rhythms have to be more regular than the
inherent rhythms in the organism’s circadian clocks.

15“The concept of typicality refers to properties holding for the vast majority of cases.” [20]

15



Relative regularity provides some clue, but that clue is ambiguous. It could be indicating that
regularity is a property like hardness, and can only be measured comparatively. Or it could be that
different measures of regularity combine together multiplicatively, so that the overall measure is
never greater than any of the individual measures.

As suggested at the beginning of this section, this is all quite preliminary, and much research
remains to be done. Some recent research in [11] looks at how the regularity of token operations of a
mechanism accumulates into the regularity of the mechanism type, and suggests that a frequentist
approach would be appropriate.*® This is another piece of the puzzle, but beyond that not much else
seems to be known.

16 This result could be indicating that regularity is a property like quality, and that quality control techniques such
as statistical sampling could be brought to bear here.

16



6. CONCLUSION

This paper has looked at patterns of life, and at exceptions to those patterns, and has tried to follow
a program which moves away from characterizing meaning by examining analytical definitions of
concepts or structures of concepts, and moves toward using actually occurring parts of nature, and
our observations of those occurrences and parts, in order to construct explanations. So the central
idea followed here was that mechanisms are things in the world, and that the existence of such
mechanisms can explain patterns of life and can also explain exceptions to patterns of life. Patterns of
life are explained by social mechanisms. Some individual daily patterns are explained by circadian
mechanisms. And interesting exceptions are explained by complex chains of suitably modified
embedded mechanisms.

The flavor of the ideas presented here should seem familiar to any systems engineer. And indeed,
most mechanism talk can be easily converted into systems talk:

the systems black-box view corresponds to the notion of a phenomenon,

the white-box view corresponds to the description of the mechanism that is responsible for
the phenomenon,

the nesting of subsystems inside systems corresponds to the notion of embedded
mechanisms,

and so on.

But the emphasis is different. According to [21]

The term “system” refers to very general characteristics partaken by a large class of entities
conventionally treated in different disciplines. Hence the interdisciplinary nature of general
systems theory; at the same time, its statements pertain to formal or structural commonalities
abstracting from the “nature of elements and forces in the system” with which the special
sciences (and explanations in these) are concerned. In other words, system-theoretical arguments
pertain to, and have predictive value, inasmuch as such general structures are concerned. [page
416.]

On the other hand, “mechanism” refers to specific instances of things that actually have occurred
or are occurring in the world, and a broad range of scientists, technicians, and other use the term
“mechanism” in just this way. So the emphasis is more on how individual things work and less on
general principles that might apply more widely.

So in summary, the intent of this paper has been to provide a naturalized rather than a
conceptual—characterization of patterns of life in terms of mechanisms, and it succeeds or fails at
that just to the extent that the proposed mechanisms exist, or fail to do so.
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