The 1en Plagues and Statistical
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The Plagues

AS THE BIBLICAL ACCOUNT OF THE ISRAELITES’ EXODUS
from Egypt unfolds, the meanings of the “strong hand and outstretched arm”
of God become manifest through the vehicle of the ten plagues: Blood fills the
River Nile (Exodus 7:14-25); swarms of frogs invade every public and private
place (Exodus 7:26-8:11); lice' infest man and beast (Exodus 8:12-15); insects?
swarm upon the earth (Exodus 8:16-28); pestilence kills all of the Egyptian
cattle (Exodus 9:1-7); boils cover man and beast (Exodus 9:8-12); a grievous
hailstorm ravages the land (Exodus 9:17-35); dense hordes of locusts complete
the destruction begun by the hail (Exodus 10:1-20); a darkness descends upon
the land, so thick and foreboding it is palpable (10:21-23) ; and death strikes
every firstborn Egyptian (Exodus 11; Exodus 12:29-33). However, as biblical
commentators have pointed out, the plagues are more than just a divine strong-
arm tactic for securing the release of the Hebrew people from their Egyptian
bondage. Rashi cites the midrash in interpreting the plagues as having, first and
foremost, a didactic purpose: coming to instill a knowledge of God in those
who had been unwilling to acknowledge Him.? Abravanel echoes this under-
standing, explaining that the plagues are a direct response to Pharaoh’s initial
rejection of Moses’ plea to release the Hebrew people: “Who is Y-H-V-H that
I should heed His voice to send out Israel? I do not know Y-H-V-H...?”
(Exodus 5:2).*

The text itself provides considerable support for the idea that the plagues
are to convey a knowledge of God to all who witness them or hear about them.
A transmission of God’s existence and identity is one purpose of the plagues
which God reveals to Moses before their onset:
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And Egypt shall know that I am Y-H-V-H, when 1 stretch out my hand over
Egypt. . . . (Exodus 7:5)

You shall say to [Pharaoh], “Y-H-V-H, the God of the Hebrews, has sent me to
you, saying: Send out My people that they may serve Me in the wilderness—but
behold, you have not heeded up to now.” So says Y-H-V-H, “Through this shall
you know that I am Y-H-V-H. . ..” (Exodus 7:16-17)

Following the chronology of the narrative, the next four textual references to the
purpose of the plagues allude to another kind of knowledge which the plagues are
to convey, namely, an understanding of God’s nature. Specifically, and in turn, the
plagues will reveal God’s uniqueness, immanence, might, and dominion:

For tomorrow . . . as you say—so that you will know that there is none like Y-H-V-H,
our God. . . . (Exodus 8:6)

And on that day I shall set apart the land of Goshen upon which my people stands,
that there shall be no swarm there; so that you will know that I am Y-H-V-H in the

midst of the land. (Exodus 8:18)

For this time I shall send all My plagues against your heart, and upon your
servants, and your people, so that you shall know that there is none like Me in all the
world. For now I could have sent My hand and stricken you and your people
with pestilence and you would have been obliterated from the earth. However,
for this have I let you endure, in order to show you My strength and so that My Name
may be declared throughout the world. (Exodus 9:14)

When I leave the city I shall spread out my hands to Y-H-V-H; the thunder
will cease and the hail will no longer be, so that you shall know that the earth is

Y-H-V-H’s. (Exodus 9:29)

The final two textual allusions to the plagues’ didactic function emphasize a
third kind of knowledge that the plagues are to provide: knowledge of the
special relationship between God and the Hebrew people and of its motivation
of the course of events. In the first instance, this information is to be directed
toward the Israelites themselves, and in the second toward Pharaoh:

Come to Pharaoh, for I have made his heart and the heart of his servants
stubborn so that I can put these signs of Mine in his midst; and so that you may
relate in the ears of your son and your son’s son that I made a mockery of Egypt
and My signs that I placed among them—that you may know that I am Y-H-V-H.

(Exodus 10:1-2)

But against the Children of Israel, no dog shall whet its tongue, against man nor
beast, so that you shall know that Y-H-V-H will have differentiated between Egypt and

Israel (Exodus 11 Z)

The text itself clearly indicates that the plagues’ purpose is, at least in part, a
didactic one, and further alludes to the three kinds of knowledge that the
plagues are intended to convey: a knowledge of God’s existence, God’s nature,
and God’s motivation.
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Within the Exodus narrative, the recipients of this knowledge are
specified: Pharaoh, the Egyptians, the Israelites, and the nations of the world
are all to learn about God from the plagues. However, if the narrative is viewed
through the lens of literary analysis, Pharaoh, the Egyptians, the Israelites, and
even God, are all merely characters in an artfully crafted story. Robert Alter
argues that “the biblical authorsare. . . constantly, urgently conscious of telling
a story in order to reveal the imperative truth of God’s works in history and of
Israel’shopesand failings.”” Withinsucha literary context, the reader or hearer
of the story is not simply another recipient of the divine knowledge that the
plagues convey; the reader/hearer is the primary target of this message: “The
reality that the tale intends to convey is not past historical but present affective:
the experience of events as they were taken in first by eye witnesses, then
through the consciousness of the generations who perennially relived and
reflected on them as the basis of their own living faith.”

Transmission of Knowledge via the Plagues

Ifthe plagues offer knowledge about God to those who read or hear about them,
how is such knowledge transmitted? The obvious answer is that the awesome
nature of each plague as it is described in the text provides sufficient empirical
evidence for inducing a knowledge of God’s existence, might, and motivation.
However, as Greta Hort has pointed out, all of the plagues but the last one can
be accounted for by considering the vicissitudes of nature along the Nile Valley:’
red tropical earth, which during periods of heavy rainfall is discharged into the
Nile, would give the appearance of the blood described in the first plague. The
swarms of frogs of the second plague can be explained as a natural result of the
flooding of the Nile, as can the mosquitoes (or lice), swarms of insects, cattle
disease, and inflammation of the third through sixth plagues. The hailstorm of
the seventh plague and the swarms of locusts of the eighth plague are both
endemic to the Middle East. A dust storm could have caused the darkness of the
ninth plague. Even the timing of these plagues and their differential effect on the
Egyptians and Israelites can be accounted for as a chain of direct causal
connections. Indeed, numerous phenomena such as these have been reported
as occurring along the Nile Valley.* Thus, natural explanations of the plagues
such as those which Hort proposes make it difficult to conclude from the mere
textual description of the plagues the existence, might, or motivation of God.
Nehama Leibowitz argues that it is often the text’s form rather than its
content which carries its intended message: the Bible “imparts its teachings not
by direct indoctrination, by a moral tagged on the story, but through the
medium of the narrative, its structure and style and the organization of the
plot.” She points out that even the earliest rabbinic commentators demon-
strated their keen awareness of this in the enormous attention they paid to the
finest details ofliterary structure such as repetition, Jjuxtaposition, deletions and

redundancies. !’



From as early as Talmudic times, biblical commentators suggested that
the plagues derive their ability to transmit a knowledge of God more from the
way in which they are organized within the text than from their specific effects.

Rashi notes:

There is a reason [given] in the Midrash in the casc of cach plague why this
[particular one] and why that: God came against them with the tactics of warlike
operations as carried out by kings in orderly sequence: a government (monarch)
who is besieging a city first destroys its water supply, then they blow the
trumpets and sound an alarm in order to terrify and dismay them—thus the frogs
croaked and made a noise, etc., [their water supply having first been turned into
blood]; just as you will find it stated in the Midrash of Rabbi Tanchuma."

According to this Midrashic interpretation, God becomes known by compari-
son to a conquering king. Each successive plague strengthens this analogy and
the divine insight it provides.

Several ancient, medieval and modern authors point out that the ten
plagues can be analyzed into three distinct sets. The earliest reference to this
tripartite structure is found in the Passover Hagaddah: “These are the ten
- plagues which the Holy One, blessed be He, brought upon the Egyptians in
Egypt, and they are as follows: Blood, Frogs, Lice, Wild Beasts, Pestilence,
Boils, Hail, Locusts, Darkness, Slaying of the Firstborn. Rabbi Yehudah
grouped them by their initials: Dezach, Adash, Beachab.”"?

Rabbi Yehudah forms the three words that have become the traditional
acrenymic abbreviation of the ten plagues by combining the first letters of the
Hebrew words for the first three plagues (Blood, Frogs, Lice) to create the first
word, the first letters of the fourth, fifth and sixth plagues (Wild Beasts, Pestilence,
Boils) for the second word and the first letters of the seventh through tenth
plagues (Hail, Locusts, Darkness, Slaying of the Firstborn) for the third word.

Rabbi Joseph Albo and Don Isaac Abravanel both seek to discern the
commonality of the plagues organized as Rabbi Yehudah suggests. According
to Albo, each group of plagues comes to teach Pharaoh and the world about
a different aspect of faith in God: the first set of plagues teaches about God’s
existence, the second set about God’s providence, and the third set about the
truth of prophecy.'* Abravanel concurs with Albo’s interpretation of the first
two sets of plagues, but proposes that the third set comes to substantiate the
principle that God can change the nature of things at will.'* Ravon points out
that the first set of plagues involves water and land, the second set only land and
the third set the air, suggesting that each set of plagues reveals a different area
of God’s dominion."

Other commentators note that the plagues can be divided into three
distinct sets, but propose a slightly different division from that of Rabbi
Yehudah. Each commentator analyzes the plagues into three sets of three
plagues (Blood-Frogs-Lice; Wild Beasts-Pestilence-Boils; Hail-Locusts-Dark-
ness) followed by a tenth plague wholly apart from the series (Slaying of the
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Firstborn); and moreover, each commentator reveals literary patterns that can
be discerned both within and across the three sets of plagues. Rashbam points
out that the first and second plague within each set is preceded by a warning
while the third is not.'* Bachya notes that the first plague of each set takes place
attheriver while the second plague of each set takes place at Pharaoh’s palace. "
Cassuto demonstrates that before the first plague of each set God instructs
Moses to confront Pharaoh “in the morning” and to “station” himself before
Pharaoh; before the second plague in each set Moses’ instructions are to “go
to Pharaoh”; and Moses receives no instructions about how or when to
approach Pharaoh before the third plague in each set."

Various interpretations of this literary structure have been set forth.
Malbim suggests that the third plague of each series, which is not preceded by
a warning, comes as a punishment to Pharaoh for not heeding the warnings of
the two previous plagues in the set."” This interpretation emphasizes the idea
that God is a just but exacting judge who offers opportunities for rehabilitation
but imposes stiff sentences when those opportunities are spurned. Bachya
comments that the river and palace, which provide the setting for the warnings
of the first and second plagues in each set, are symbols of Pharaoh’s power:
Pharaoh regarded himself as master of the River, and the palace was under-
stood to be the seat of his power. Thus the third plague in each set attests to the
dominion of God over Pharaoh.*” According to Nahum Sarna, a knowledge of
God is conveyed not only through an understanding of the commonalities
within and across these three sets of plagues, it is also conveyed by considering
the very fact that such a textual structure can be found. Sarna argues that God
is made manifest in the purposeful textual organization of what could otherwise
be understood as random natural events.?!

Although the interpretations of the different proposed structurings of the
plagues are quite varied, each commentator seeks to articulate through his
interpretation the knowledge of God which the plagues convey. Rashi and the
rabbis of the Midrash find within the ordering of the plagues the understanding
that God is like a conquering monarch, while Rabbi Yehudah and subsequent
authors who propose a three-part organization of the plagues suggest that the
structure can be analyzed to reveal different sets of divine qualities. When one
considers each of these interpretations against the backdrop of the structure
being interpreted, we see that the way in which commentators understand the
plagues to be organized constrains to a significant extent the kind of analysis
they impose upon the text in order to arrive at their interpretations. For Rashi
and the rabbis of the Midrash, who understand the plagues to be organized
according to the tactics of a conquering monarch, God comes to be known
through the construction of an analogy. For those who propose a tripartite
organization of the text, God comes to be known through the taxonomic
process of classifying and describing the commonalities within and across the
plague sets. Thus, in addition to transmitting a knowledge of God, each
structure requires a specific methodology for determining that knowledge.



Parallel Series

We propose the existence of another organization of the plagues, which
functions to further secure a knowledge of God in the mind of the reader or
hearer of the story. This organization is expressed as two parallel series of
plagues, one consisting of those plagues that are predicted (the first, second,
fourth, fifth, seventh, eighth and tenth plagues), and the other consisting of
those plagues that are not preceded by a forewarning or prediction (the third,
sixth and ninth plagues).

Within the seven predicted plagues, there is a sequencing stratagem: the
seven predictions that herald these plagues are cumulatively organized. That
is, each successive prediction in the series demands, in addition to the proofs
that have been required in previous predictions, a new kind of confirmational
evidence. So, for example, while merely the effect of the first plague is
predicted, both the effect of the second plague and its subsequent removal are
predicted. And not only are the effect and subsequent removal of the fourth
plague predicted, but so, too, how the plague will differentially affect the
Egyptian and Israelite populations. In this way, the prediction of each plague
in the series introduces the requirement for a new level of rigor and sophisti-
cation of the confirmational evidence, while the subsequent confirmation of
each plague offers ever greater assurance that these events are not the random
and unpredictable vagaries of nature.

Our analysis suggests the existence of seven predicted characteristics of
the plagues, which are successively introduced and cumulatively required for
the confirmation of each prediction: (1) the plague’s effect, (2) its removal, (3)
how it differentiates between Egyptian and Israelite, (4) its specific time of
occurrence, (5) its degree of severity, (6) its uniqueness in history (i.e., that the
eventnever happened before), and (7) the response of Pharaoh and his servants
to the plague. The distribution within the text of the seven predicted plagues
according to their predicted dimensions is shown in Table 1. Each column in
this table corresponds to a different predicted plague, and each row corre-
sponds to a different predicted characteristic of the plague. The entries are the
locations in the Book of Exodus where the characteristics are predicted. Thus,
for example, Exodus 7:17-18 contains the prediction of the plague ‘of blood
and its effect on the life in the Nile. Exodus 7:27-29 contains the prediction of
the effect of the plague of frogs and Exodus 8:5-7 contains the prediction of the
removal of the plague. The entries in Table 1 fill in the subsequent plagues,
indicating the cumulative nature of the predictions.

The second set of three unpredicted plagues is also governed by an
organizing principle whose function is to help ascertain that the plagues are the
work of God’s Hand. The third, sixth, and ninth plagues show in a sequential
way the inferiority of Pharaoh’s magicians and their magic to God and God’s
might. First, the magicians are humiliated by their inability to reproduce the
third plague of lice (Exodus 8:14), despite their previous success in using their
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magical powers and secret arts to replicate the first plague of blood (Exodus
7:22) and the second plague of frogs (Exodus 8:3). These same magicians and
their powers are further denigrated in the almost comical description of the
aftermath of the sixth plague. Not only are the magicians incapable of invoking
the boils that have afflicted all of Egypt, but they are themselves so affected by
the plague that they can not even stand before Moses (Exodus 9:11). According
to ancient Egyptian belief, the magicians derived all of their magical powers
directly from the gods, and no god was more powerful or important than
Amon-Re, the sun-god.” In the minds of the ancient Egyptians, then, the
darkness of the ninth plague would have meant nothing short of the total
eclipse of Amon-Re’s powers, which would in turn have rendered the magi-
cians utterly impotent and worthless in the eyes of their countrymen.

Once again we find that the text’s form, when considered together with
its content, yields a wealth of knowledge about God. In particular, this second
series of unpredicted plagues, in its successive pitting of the powers of God
against those of the magicians, provides compelling evidence for believing that
it is God, and not the magicians or their magic, who is responsible for the
awesome plagues.

Although the predicted and unpredicted series of plagues convey differ-
entinformation about God to the reader or hearer of the story, the organization
of the plagues within both series derives from the same epistemological
approach, which assumes that truths about God can be revealed by consider-
ing the weight of the accumulated evidence determined from careful analysis
of the description of empirical phenomena. Within such an approach, each
series of plagues provides necessary but not sufficient evidence for inferring
that God’s Hand is behind them : An analysis of the predicted plagues allows
the reader to reject the possibility that the plagues are the result of random acts
of nature, while an analysis of the unpredicted plagues leads the reader to
accept that it is far more likely that God was behind the plagues than the
magicians. Taken together, these two series act complementarily to eliminate
nature and magic as possible sources of the plagues, leaving only God and
God’s might as the most probable explanation of these phenomena.

The Plagues and Modern Statistical Concepts

Our analysis of the predicted and unpredicted series of plagues suggests a
remarkable correspondence between the epistemological approach underly-
ing our proposed organization of the plagues, and the way in which data about
the world is organized and analyzed within modern statistical and probabilistic
methods. In particular, we find that notions underlying the two main lines of
modern statistical reasoning, frequentist statistics and Bayesian statistics, are
strikingly similar to the epistemological assumptions that underlie the pre-
dicted and unpredicted plagues, respectively. In order to illustrate this point,
we describe each statistical theory, apply it to the data provided by the textual
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description of one of the two series of plagues, and show that the theory fits the
data in an exact way. It is important to emphasize here that we are not
attempting to use statistics in order to prove either the veracity of the Bible’s .
account of the plagues or their divine origin. Rather, our intention is to suggest
a point of connection between one approach to understanding God that we
have found in the ancient biblical text, and assumptions about how people
come to know the world that were formalized and articulated within the
framework of statistical science less than two centuries ago. In the concluding
section of the paper, we seek to account for this extraordinary correspondence.

Science is the human quest to understand a natural world full of
uncertainty. Indeed, it has been suggested that the uncertainty that character-
izes the natural world is itself a prerequisite for the development of intelligence
and the acquisition of knowledge:

If the conditions of life and the people themselves were entirely unchanging a
definite organization would result, perfect in the sense that no one would be
'under an incentive to change. . . . With the introduction of uncertainty—the fact
of ignorance and the necessity of acting upon opinion rather than knowledge-
into this Eden-like situation, its character is completely changed. With uncer-
tainty absent, man’s energies are devoted altogether to doing things, and it is
doubtful whether intelligence itself would exist in such a situation; in a world
built so that perfect knowledge was theoretically possible, it seems likely that all
organic readjustments would become mechanical, all organisms automata.
With uncertainty present, doing things, the actual execution of activity, be-
comes in a real sense a secondary part of life; the primary problem or function
is deciding what to do and how to-do it.?

Within the framework of scientific inquiry, if uncertainty motivates the quest
forknowledge then statistics provides the means for harnessing thatknowledge
by accounting for the uncertainty in a formal, mathematical way. We can thus
envision science as the competition between different descriptions of how the
world works, with the competition arbitrated by data.?* Statistics allows us to
manage this competition in a logical and rigorous manner, drawing conclu-
sions about a large number of events or the properties of a population from a
sample of those events or from the population.

Frequentist statistics is based on the use of observed frequencies of
different events to make inferences about the population or to test hypotheses.
Anessential tool of frequentist statistics is the null hypothesis: “Null hypotheses
entertain the possibility that nothing has happened, that a process has not
occurred, or that change has not been produced by a cause of interest. Null
hypotheses are reference points against which alternatives should be con-
trasted.”? >

That is, since it is often impossible to prove that something occurred, we
constructanull hypothesis that is the complement of the hypothesis of interest,
and use the accumulated data to assess the probability that the null hypothesis
is true. As the probability that the null hypothesis is true decreases, it becomes
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a less likely description of how the world works. At some point, the null
hypothesis is considered to be disproved (and once disproved will remain that
way) and is rejected; this leaves the original hypothesis. By convention and
scientific tradition, the null hypothesisis rejected when the chance of observing
the data, given that the null hypothesis were true, is less than 5%.% On the other
hand, values as small as 0.1% have been proposed too;* indeed some scientists
bemoan the establishment of arbitrary values for the rejection of the null
hypothesis, but there is general agreement that establishing the 5% value has
been beneficial for science since it allows a common standard for evaluating
evidence.

Before discussing the plagues, we give an example of how null hypoth-
eses are used and frequentist statistics proceeds. Imagine that vou are handed
acoinand are asked to determine if this coin is not fair, that is, if the probability
of heads as the outcome of a single flip differs from the probability of tails as
the outcome of a single flip. Clearly, one flip will not allow you to answer the
question. Similarly, most of us would not reject the notion of it being a fair coin
if two flips both turned up heads. But, suppose that 10 flips lead to 6 heads or
100 flips lead to 60 heads; is the coin fair? How do we interpret this
information? To approach it from frequentist statistics, we construct the null
hypothesis “The coin is fair” and then determine the probability of observing
60% or more heads as a function of the number of flips. Figure 1 shows the result
of such a calculation. After only 10 flips there is about a 35% chance of
observing 6 heads in 10 flips of a fair coin. However, given 100 flips, there is
only abouta 3% chance of observing 60 heads; if this were the datum, we would
reject the null hypothesis that the coin is fair. Note that we have not proved that
the coin is biased, only that if the coin were fair, the chance of observing the
data is less than 5%.

In the context of the plagues, the objective is to determine if they are
planned and non-random. The logical null hypothesis is then “The plagues are
random events.” Each of the seven predicted plagues has a pattern that makes
the null hypothesis less likely. Furthermore, the constraints illustrated in Table
1 show that plagues are nested pieces of information, because each successive
prediction in the series demands a new kind of confirmational evidence, so that
evidence is added with each plague. In the context of statistical thinking we'd
ask: “What is the probability that the Nile would turn red by natural means.”
After the probability of this prediction is assessed, we ask *What is the
probability that both the effect of frogs and their removal can be caused by
natural mechanisms,” then “What is the probability that the effect and removal
ofinsects, and the differential effects could be caused by natural mechanisms,”
etc. By the time the tenth plague is reached, the probability of the null
hypothesis is so small that it is clearly rejected by the reader of the text. Note
that this does not “prove” that God is behind the plagues. It only allows for the
reasonable rejection of the hypothesis that states that the plagues were the
result of random natural phenomena.
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One of the compelling aspects of data arranged as in Table I is that it
allows for far more rigorous statistical scrutiny than is possible with data
consisting of single qualitative predictions. Thus, the descriptions of the
predicted plagues present the reader/hearer with increasingly complex con-
figurations of predictions which, when taken together, create a well articulated
hypothesis that can be easily verified or rejected. Rosenzweig and Abramsky
identified methods of this sort as being examples of a “dipswitch theory.” A
dipswitch is a panel of switches, such as we usually encounter on the back of
a computer, which need to be in the appropriate positions for the computer to

work properly.

A dipswitch theory makes a bundle of articulated qualitative predictions. The
more, the better. Perhaps any one of them could easily occur by chance. But
finding that most or all of them do fit the data suggests that the model which
produced them ought to be taken seriously as a working hypothesis. For
example, Mittlebach et al. (1988) present and test a dipswitch theory of
lacustrine population regulation. They make some 21 separate qualitative
predictions and discover that only one of their models fits almost all of them.
Chance alone can hardly account for such agreement.”

Unlike the null hypothesis, which allows us to test the hypothesis of interest by
eliminating all other possible hypotheses, the “dipswitch theory” plays its role
in frequentist statistics by allowing us to confront a particular theoretical model
with a complex configuration of data. In the case of the data presented in Table
1, only one model could fit the configuration of confirmed predictions: that the
described events are planned and non-random. Once again, we have not
proven that God is behind the planning and execution of the plagues, only that
the plagues have indeed been planned and are therefore not random events.

In Bayesian statistics,* the probabilities of two or more explicitly stated
competing hypotheses are evaluated using Bayes's theorem.* The approach
of Bayes’s theorem involves three components: (1) specification of particular
hypotheses, (2) specification of prior probabilities that these hypotheses are
true, and (3) a probability model that allows one to evaluate the likelihood of
a set of observations, given each hypothesis. These components allow us to
compute the posterior probability of a hypothesis, given the observations from
the prior probabilities and the likelihood of the observations, given the
hypothesis. For two hypotheses, the “odds ratio”' measures the relative
likelihood of hypothesis #2 in comparison to hypothesis #1, given the
observations. As this ratio becomes more and more unbalanced (either
approaches 0 or infinity), the posterior probability of one of the hypotheses
approaches 0 and the other approaches 1. The hypothesis with posterior
probability approachirig 0 is rejected as untrue and the hypothesis with
posterior probability approaching 1 is accepted as being true, within the
context of the competition between these two hypotheses.

For example, imagine that one’s keys are lost and from past experience,
they are either in the living room (which happens 80% of the time) or the
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bedroom (which happens 20% of the time). Suppose that there is a 40%
chance of finding them in each five minutes of search, regardless of the room.
Common sense tells us that under these circumstances, we should start
searching in the living room. However, common sense also tells us that at
some point, if the keys are not found in the living room we should begin to
search the bedroom. Bayes’s theorem allows us to determine the probability
that the keys are still in the living room, given that they have not yet been
found. To do this, we form the two hypotheses that the keys are in the living
room (hypothesis #1) or in the bedroom (hypothesis #2). In Figure 2, we
show the posterior probability (panel a) and the odds ratio (panel b) as the
search occurs. In panel a, the abcissa is the number of minutes that the living
room has been searched and the ordinate is the posterior probability that the
keys are still in the living room, given that they have not vet been found.
Thus, for example, when the search commences the probability that the keys
are in the living room is 80%. This drops to 3% after about 40 minutes of
search and about .3% after about 50 minutes of search. In panel b, the
ordinate is the odds ratio, which is the posterior probability that the keys are
in the bedroom, divided by the posterior probability that the keys are in the
living room. This starts at 1/4 (since the prior probabilities are 20% and 80%
and their ratio is 1/4) but rises to more than 40 as the search continues. Thus,
after 50 minutes of search, the odds that the keys are in the bedroom have
shifted from 1:4 to about 40:1.

As we have previously suggested, in the case of the three unpredicted
plagues, God and God’s power is successively pitted against the magicians and
their magic. From this contrast we can formulate two competing hypotheses
that can be evaluated using Bayes’s theorem: hypothesis #1 is that “The
plagues were caused by the magicians and their magic,” and hypothesis #2 is
that “The plagues were caused by God and God’s power.” If we assume that
the probability of the two hypotheses is approximately equal after the first two
plagues, which both God and the magicians are capable of bringing about, it
is clear that after the inability of the magicians to replicate the third plague the
probability of hypothesis #1 (“magicians and their magic”) diminishes, and the
probability of hypothesis #2 (“God and God’s power”) increases. After the
sixth plague, in which we see a further diminution of the magician’s power, the
posterior probability associated with hypothesis #1 decreases further, until
finally it is essentially 0 after the defeat of both the magicians and the source
of their magicin the ninth plague. Thus, the three unpredicted plagues provide
a sequential movement toward a total rejection of the possibility that the
plagues were caused by the magicians and their magic, and an acceptance of
God’s primary role in bringing about these events.

We also see that the two sets of plagues are complementary. The
predicted ones effectively allow us to reject the null hypothesis that natural
events caused them. The unpredicted plagues provide a specific confrontation
between the two hypotheses concerning the Hebrew God and His power



versus the Egyptian magicians and their power, in which the posterior
probability associated with the magicians is negligible.

The Relationship Between the Bible and Modern Statistical Science

We have presented evidence to suggest that the Ten Plagues described in the
Book of Exodus have a didactic purpose which is to convey a knowledge of
God to the reader or hearer of the story. The plagues’ textual structure is an
important transmitter of this information, and we have surveyed several
previously proposed structures and summarized how biblical commentators
throughout the ages have derived from them specific information about God.
In addition, we have suggested that underlying each proposed organization of
the plagues is a set of epistemological assumptions about 40w a knowledge of
God is to be acquired.

Within this context, we have presented our own analysis of the literary
structure of the Ten Plagues in which we identify two distinct series of plagues
whose purpose is to provide confirmational evidence for postulating that God
and God alone is behind the plagues. Through the cumulative organization of
the predictions of the first series of seven predicted plagues, their non-random
and unnatural quality is effectively proven. Through the sequencing of the
three unpredicted plagues, the primacy of God and God’s power over the
magicians and their power is dramatically demonstrated. These two series thus
act complementarily in showing that the plagues are neither the result of the
random vagaries of nature nor a consequence of temporal magic, but are rather
the awesome expression of God’s will.

Moreover, we have characterized the epistemological approach under-
lying this organization as being one which assumes that a knowledge of God
can be acquired by considering the weight of the evidence determined from a
probabilistic analysis of the descriptive data. We have also found a correspon-
dence between this epistemological approach and the approach towards
knowing the world embodied in modern statistical science. In particular, the
assumptions about how data are organized and analyzed, which underlie the
predicted and unpredicted plagues, find formal mathematical expression in
frequentist statistics and Bayesian statistics, respectively.

We believe that the similarity of the ideas underlying the textual
organization of the Bible and modern statistical thinking is not coincidental.
Rather, we hypothesize that it derives from the tremendous impact the Bible
has had on western scientific thought, and we offer two ways in which the Bible
may have made its influence felt in the modern world.

First, based on an understanding of the historically strong relationship
between religion and science, it might be that the Bible has had a direct
influence on the scientists working within the western scientific tradition.
Although not so in our own day, for most of the time western universities have
existed intellectuals were deeply connected to organized religion. It was only
with the rise of statistical thinking in biology and physics in the mid-nineteenth
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century (with the publications of Darwin and Maxwell)* that a conflict
between science and religion seemed apparent. However, this revolution can
be interpreted more as an opposition of science and certain political structures
than of science and religion,* thus suggesting that the interaction between
science and religion that followed the statistical revolution may be deeper than
usually portrayed. Our proposal is that biblical study was for so long a time part
of western intellectual life that it implicitly defined much of the fundamental
world view of individual scientists, often without their knowledge. This view
of the Bible’s power to influence the way in which individuals formulate their
conceptions of the world was expressed two thousand years ago by the rabbis
of the Mishna: “Turn [the Torah] and turn it, for everything is in it and through
it you will perceive clearly. .. .”*

Thomas Bayes, the eighteenth-century English mathematician respon-
sible for establishing the mathematical basis for probability inference embod-
ied in Bayesian statistics, was a Nonconformist minister. It has been suggested
that Bayes’s mathematical work was significantly influenced by his theological

ideas:

Not even one of [Bayes's| works on mathematics was published during his
lifetime, but one of two posthumous works of his served to embed his name in
what has become, two centuries after his death, one of the most widely known
eponymsinall of science, Bayesianinference. . . . The origin of Bayes’s “Essay”
is a mystery. . . . Bayes’s motive for taking up the question has been the cause
of some speculation; some have even guessed that an attempt to provide a
mathematical proof of the existence of a First Cause lay behind it.*

Bayes’s statistical formulations could well have been shaped by his study of the
Bible and, in particular, by his understanding of the epistemological organiza-
tion of the Ten Plagues.

In addition to the impact biblical study may have had on individual
scientists, the Bible has had a less direct but nonetheless profoundly far-
reaching influence on the development of scientific and statistical thinking.
More than any other piece of literature, the Bible hasinfluenced the history and
culture of Western Civilization, insinuating its view of God, the universe, and
humankind into the intellectual processes of the Western mind often without

its impact being recognized:

Millions of modern people who do not think of themselves as religious live
nevertheless with basic’presuppositions that underlie the biblical literature. It
would be impossible to calculate the effect of such presuppositions on the
changing ideas and attitudes of Western people with regard to the nature and
purpose of government, social institutions, and economic theories.*

Moreover, as historians of science have noted, scientific thinking does not take
place in a vacuum but s significantly influenced by the world view in any given
culture atany period iniits history: “[S]cience is not the mere collecting of facts—
though that is necessary; it is a system of logical correlations of those facts
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cementing together a hypothesis or body of theory. This theory is itself
tempered by the general outlook of the times in which it is formulated.””

Thus, to the extent that the Bible has influenced the way in which the
Western mind thinks, it has also helped to shape scientific reasoning and the
theories it has created in every era. Support for this view comes from an
examination of the very different ways in which science has developed in
cultures with vastly different oral or written religious traditions. For example,
the significant differences between the development of Chinese and Western
science have in part been attributed to differences in the way each civilization
has understood the relationship between the universe and its creator.* We are
therefore suggesting that over the centuries in which the Bible influenced
Western intellectual life, the implicit structure of the plagues, which we have
sought to make explicit through our analysis, became part of that intellectual
life, influencing the development of statistical thinking about the world though
scholars did not recognize its impact.

Although not readily apparent, there is an interesting corollary which
derives from this proposed relationship of the Bible and the development of
Western scientific thought, suggesting that there is a more reciprocal interac-
tion between the two. Thus, while the textual structures which our analyses
indicate clearly antedate by thousands of years the scientific developments to
which they correspond, in each instance the textual analysis itself is only
possible because of our current scientific understanding of the world. Applying
this corollary to the case of our analysis of the Ten Plagues, we could infer that
it was our very familiarity with modern statistical concepts such as frequentist
and Bayesian statistics that allowed us first to find, and then to formalize, the
epistemological structure of the text. We would similarly presume that the
innovative structural analyses of the plagues that have been offered in previous
eras are also the result of the application of contemporaneous advances in
knowledge to an understanding of the Bible. For example, we would postulate
that the previously cited Midrashic conception of the logical progression of the
plagues as being analogous to the orderly sequence of warlike operations
carried out by a conquering king was based upon the most current understand-
ing of the principles of military science available in Talmudic times. Therefore,
while we are proposing that the Bible has had a profound influence on the
development of epistemological paradigms in every age within western
civilization, we are at the same time suggesting that the textual structures which
form the basis for these advances in knowledge are themselves only discernible
once such knowledge has been formalized. Most stories can be told in different
ways, but some ways of telling the story are only appropriate after a certain
level of intellectual, moral or spiritual development has been reached. For
example, Arthur Green has noted thata “new Creation story is emerging in our

‘day” and that this new creation story need not be in opposition to the “old
Creation tale that for so long nourished and sustained the West’s sense of
origins and self-understanding.” It might be that we are only now ready to
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understand the newer story, which has lain dormant for millennia, waiting for
its time to be recounted.

In light of the striking correspondences between how knowledge is
structured in the Hebrew Bible and in modern scientific formulations, and
considering the relationship between our modern scientific world view and our
ability to analyze these structures, we propose that a reciprocal analysis of
biblical and scientific scholarship could enormously benefit both fields of
inquiry. One advantage of such an interdisciplinary endeavor would be to
understand more fully the tremendous impact that the Bible has had on the way
we perceive the world. Conversely, we believe that the collaboration of
scientist and biblical scholar could have a transformative effect on the way in
which the Bible is studied, by facilitating the exploration and appreciation of
the profoundly sophisticated nature of this ancient text.*
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Table 1: The Distribution in the Book of Exodus
of Predicted Plagues by Prediction Dimension

Plagues
1 2 4 5 7 8 10

Prediction Blood Frogs Insects Cattle Hail Locusts Death of
Dimension Disease Firstborn
Effect 7:17-18 7:27-29 8:17 9:3 9:18 10:4-6 11:5
Removal 8:5-7 8:25 NA 9:29  10:17-19 NA
Differential 8:18-19 9:4 (9:26)  (10:14) 11:7

Effects
Specific Time 9:5 9:18 10:4 11:4
Severity 9:18 10:5 11:6
Uniqueness 10:6 11:6
Egyptians’ 11:8

Response

NA - Prediction dimension of removal is not applicable to those plagues which are irreversible.

() - Parenthetical citations indicate that while the differential effects of these plagues are not
predicted, they are evident after the plague has occurred.
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Figure 1. The abcissa shows the number of flips of a coin and the ordinate shows the probability
of observing more than 60% heads if the coin were a fair coin. Thus, for example, there is about
a 35% chance of observing 6 heads in 10 flips of a fair coin, about a 10% chance of observing 30
heads in 50 flips of a fair coin but only about a 3% chance of observing 60 heads in 100 flipsof a

fair coin.
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Probability that the keys are in the living room
given unsuccessful search for them
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Figure 2. A Bayesian analysis of search for keys that can either be in the living room or dining room
provides information on the posterior probability that the keys are in the living room, given
unsuccessful search. In panel a, the abcissa is the number of minutes that the living room has been
searched and the ordinate is the posterior probability that the keys are still in the living room, given
that they have not yet been found. Thus, for example, when the search commences the probability
that the keys are in the living room is 80%. This drops to 3% after about 40 minutes of search and
.3% after about 50 minutes of search. In panel b, the ordinate is the odds ratio, which is the posterior
probability that the keys are in the bedroom divided by the posterior probability that the keys are
in the living room. This starts at .25 (since the prior probabilities are 20% and 80%) but rises to more
than 40 as search continues. Thus, after 50 minutes of search, the odds are about 40:1 that the keys
are in the bedroom.



