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It has been suggested that Russell and or Wittgenstein arrived at a truth-table
device in or around 1912 [Shosky 1997], and that, since the history of its devel-
opment is so complex, the best one can claim is that theirs may be the first
identifiably ascribable example. However, Charles Peirce had, unbeknownst to
most logicians of the time, already developed a truth table for binary connect-
ives of his algebra of logic in 1902.

SHOSKY'S THESIS

n “Russell’s Use of Truth Tables” [Shosky 1997], John Shosky argues that

Ludwig Wittgenstein, or Wittgenstein and Bertrand Russell together, devel-
oped truth tables; that by 1912, Russell knew about truth tables. Shosky does not
impute the actual original discovery or development of truth tables directly
either to Wittgenstein or Russell, either jointly or individually, but he allows the
inference to be drawn that Wittgenstein, or Russell, or both together, developed
truth tables in their familiar form nearly a decade before they appeared in
Wittgenstein's [1922] Tractatus or Posts [1921] “Introduction to a General
Theory of Elementary Propositions” (and first announced in [Post 1920]).
Shosky goes so far as to say that Whitehead and Russell “seemed to have an
idea of truth tables in their explanation of material implication in Principia
Mathematica” (but he fails to explain what this means), and he convincingly
and correctly, I think, says that Russell used (what—in retrospect—can be called)
a “modified truth table” in Lecture 111 of “The Philosophy of Logical
Atomism” in early 1918 [Shosky 1997, 11]. The reference is to Russell’s explana-
tion that “you have as a schema,
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for “p or q”, using “T'T” for “p and ¢ both true”
“TF” for “p true and g false”, etc.,

TT TF FT FF
T T T F

where the bottom line states the truth or falschood of “p or ¢”.  (Papers 8: 185—6)

Shosky’s conception of a “modified truth table” is open to question. John
Slater, the editor of [Papers 8: 350], referring to these lines, wrote in the annota-
tions that: “This is as close as Russell comes in his writings to giving what are
now called ‘truth-tables’. Jan Lukasiewicz, E. L. Post (who used + and — rather
than T and F), and Wittgenstein all published in 192021 writings in which
truth-tables are made explicit.” Shosky also says [1997, 11] that Russell “exam-
ined truth-table language” in his Introduction to Mathematical Philosophy (1919);
but he fails to explain what this means, and seems to me now, as I look at the
relevant passages of the Introduction, to be conflating his own distinction
between a truth-table device and a truth-table technique. Where or how Russell
and Wittgenstein may have hit upon the device is left unsaid by Shosky, al-
though he makes it clear that it is only when material implication has been
introduced into logic that truth tables can be developed in full (see especially
[Shosky 1997, 16-19]). Thus, Shosky [1997, 12] sees Frege’s work as a crucial step
in the development toward making truth tables possible.

Ivor Grattan-Guinness was more forceful in his attribution even than
Shosky, asserting [Grattan-Guinness 1997, 600] that the method of truth tables
was “invented by Bertrand Russell with his pupil Ludwig Wittgenstein around
1914 and first publicized in the spring of that year by Russell at Harvard in a
lecture course on logic.”

Shosky [1997, 12], more moderate than Grattan-Guinness, argues that “It is
far from clear that any one person should be given the title of ‘inventor’ of truth
tables.” And Richard Zach [1999, 357 n.3] reminds us that “Peirce, Witt-
genstein, and Post are commonly credited with the truth-table method of deter-
mining propositional validity.”

I would argue that, 7f'any one person should can be granted that title, it
should be Charles Peirce, and I will—while admitting that William Stanley
Jevons and Peirce’s student Christine Ladd-Franklin each deserve partial credit—
momentarily state my reasons for awarding the laurels to Peirce. First, however,
I would like to take a closer look at Shosky’s treatment of the history of truth
tables.

What is particularly surprising is that Shosky and Grattan-Guinness would
credit Russell with the invention of truth tables when there is already a large
literature pointing to Charles Peirce as the originator of the truth table; the
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scholars over the course of much of the twentieth century who have pointed to
Peirce’s work as anticipating, or even actually presenting, the first extant written
and idendifiable documentation we have of a truth table include, e.g.
[Lukasiewicz & Tarski 1930, 40 n.2], [Berry 1952, 158], [Church 1956, 162], [Fisch
& Turquette 1966, 71-2], [Hawkins 1975, 137 n.9], [Clark 1997], [Zellweger
1997], and [Lane 1999, 284], the latter adding, most unequivocally, that: “it has
long been known that [Peirce] gave an example of a two-valued truth-table.”
Hawkins [1971; 19754, 111, 114 nn.45—7] also discussed Peirce’s work on truth
tables and distinguished the difference between the truth-table technique (truth-
functional analysis) and the truth-table device, calling the latter the trush-rable
method.

The most important feature of Shosky’s presentation is his distinction,
already alluded too, between the truth-table zechnique and the truth-table device
[Shosky 1997, 13]. The truth-table technique is the logical analysis of the truth
values of a proposition, i.e. the truth-functional analysis of propositions. The
truth-table device is the presentation of this analysis in tabular or matrix form.
Shosky traces the former from Philo through Boole to Frege; in particular,
Wittgenstein’s main source is Frege, and Post’s sources come from Jevons,
Venn, Schréder, Whitehead, Russell, and C. I. Lewis [Shosky 1997, 12]. Shosky
notes that Quine took Frege, Peirce, and Schréder to be the source of the “pat-
tern of reasoning” that led to truth-table development, and that truth tables
were developed from that pattern by Lukasiewicz, Post, and Wittgenstein. It is
because of this complex history that he concludes [Shosky 1997, 12] that it
would be difficult to name one single individual as the inventor of the truth-
table device.

The principal source for Shosky’s conclusion that Russell and Wittgenstein
had developed the truth-table device some time in or around 1912 is found first
of all on the verso of a leaf of manuscript (RAT 220.011450), titled “Matter. The
Problem Stated” (in [Papers 6: 98—9]), held by the Bertrand Russell Archives,
on which are notations, identified to be in Wittgenstein’s hand, in which sev-
eral truth tables are written out, along with Russell’s notation for the truth-table
matrix for ~p. It should be said, however, that, although the date of the manu-
script itself can be given with fair accuracy, the evidence for the contempor-
aneous dating of the notations on the verso is speculative only, based upon the
fact that we know when Russell presented the talk for which the manuscript in
question is a contribution and that Wittgenstein attended that talk; from this it
is surmised that Russell and Wittgenstein discussed the contents of the talk,
possibly within a few months of the actual reading and in connection with an
early draft of the talk for which this manuscript was prepared.

The other crucial source is the manuscript notes of T. S. Eliot of Russell’s
logic course at Harvard, given in April 1914, in particular the lecture of 4 April
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1914, in which truth tables are clearly and unequivocally found." According to
[Shosky 1997, 22], these notes are (apart from Wittgenstein’s jottings of 1912 on
the back of RaT 220.011450) “the first recorded, verifiable, cogent, and attribu-
table truth tables in modern logic.” Shosky [1997, 25] thinks that Russell here
may “simply be utilizing a device learned earlier from Wittgenstein. The evi-
dence from 1912 would support this thesis.”

ALTERNATIVE THESIS

Absent concrete evidence, it is sheer speculation to conclude on the basis of the
notations from 1912 that Wittgenstein first suggested the truth tables to Russell,
writing them down for Russell, and to which Russell then added the table for
~p, or that, on the contrary, Wittgenstein wrote down the tables from an expla-
nation that Russell gave Wittgenstein. That is, even if the tables are known to
be primarily in Wittgenstein’s hand, we cannot from that alone determine
whether Wittgenstein was explaining the device to Russell or Russell was ex-
plaining it to Wittgenstein. As a matter of fact, Shosky’s history leaves several
important questions open:

(  Did Wittgenstein and Russell work out truth tables jointly in r9r2?

(2) If not, did Wittgenstein explain the device to Russell, or Russell to Witt-
genstein?

(3) Where and how might Russell or Wittgenstein have first arrived at the
device?

(4) How do we account for the coincidence of the publication within so
short a time of Lukasiewiczs account (1920), Wittgenstein’s (1922),
Post’s (1920/1921) and (we might add), somewhat later, Zhegalkin’s
[1927] account for propositional logic and his [1928-1929] extension of it
to first-order predicate logic?

The answer to the first three questions would require new archival dis-
coveries of truth-table devices or prototype truth-table devices in the papers of
either Russell or Wittgenstein. Without such supporting documents, it is obvi-
ously fruitless to attempt to assign priority to either Russell or Wittgenstein. We
can suppose, however, that the answer to the second question could shed some
light on the answer to the first, and possibly also to the third, and even the

" The logic course which Russell taught at Harvard, conducted during the Spring
1914 semester, was begun by Harry Todd Costello, Russell having been unable to arrive
in time for the start of the semester; Russell’s first lecture for the course occurred on 17
March (see [Lenzen 1971, 4).
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fourth, question. A corollary to the fourth question asks:

(5) Is there a common source for the nearly simultaneous work on truth
tables by Lukasiewicz, Wittgenstein, Post, and Zhegalkin?

It would again be speculation, in the absence of answers to these questions,
and especially to the first two, to suggest that Russell, rather than Wittgenstein,
or for that matter Wittgenstein rather than Russell, deserves the bulk of the
credit for formulating the truth-table device, and there is nothing in intellectual
history that precludes the possibility of independent simultaneous discovery or
invention. If, however, there is a source which may be common to Wittgen-
stein, Lukasiewicz, Post, and Zhegalkin, it is more likely to have been either
Russell himself or someone else, with Russell in the latter case serving as a
conduit. Again, we would be speculating in assigning the role to Russell, either
as conduit or as originator. It would also be speculating to attempt to determine
the identity of the person from whom Russell might have learned about truth
tables, if Russell was mainly or merely a conduit. (If Wittgenstein were the
originator, it is more likely that Russell would have been the conduit, rather
than the reclusive Wittgenstein.) But if; in fact, Russell was a conduit for others
who developed the truth-table device, the most likely medium would appear to
be Russell's Harvard lecture and possibly Lecture 111 of “The Philosophy of
Logical Atomism” in early 1918 or his Introduction to Mathematical Philosophy
(1919), or both, and the most likely source Schréder’s Vorlesungen iiber die Alge-
bra der Logik, which Bochenski [1970, 333] points to as having the idea for such
a decision procedure. But however close Schroder may be interpreted as coming
to developing the idea, truth-table matrices do not themselves appear in the
Vorlesungen, and it is not readily apparent that he makes the sharp distinction
between the truth-table technique and the truth-table device that Shosky makes.

Abandoning speculation, let us examine the available facts.

The first and most salient fact is that the earliest recognizable and nearly
complete development of the truth-table device is due to Charles Peirce and his
students, in particular to his student Christine Ladd-Franklin (at that time still
Christine Ladd). In the lecture notes for Peirce’s course from the autumn of
1880 taken by Alan Marquand, we find Peirce using the diagram

2PN
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to show the four combinations that two terms can take with respect to truth
values—or which two objects can take with respect to existence (see editors’
notes [Peirce 1989, 569]). Peirce also suggested that the relations between these
four combinations could be represented by the pyramid

ab

ab ab

(see editors’ notes [Peirce 1989, 569]). In her class notes, which contain some
annotations by Peirce, Ladd constructed diagrams representing possible worlds
for four combinations of the sets of truth values for two terms and then pro-
vided a tabular summary of her findings (see editors’ notes [Peirce 1989, 570]).
In her paper “On the Algebra of Logic” [Ladd 1883, 61], she pointed out that
for n-many terms there were 2”-many possible combinations of truth values,
and she went on to provide a full-scale table for “the sixteen possible combina-
tions of the universe with respect to two terms”; writing o’s and r’s for false and
true and replacing the assignment of the truth-value false with the negation of

the terms, she arrived at the table providing sixteen truth values for {26}, {ab},
{@b} and {ab} [Ladd 1883, 62]. She also pointed out [Ladd 1883, 63] that this
table was borrowed from William Stanley Jevons’s textbook The Principles of
Science [Jevons 187.4; 1879, 135], who, however, there rejected cases containing
non-existent terms.

The next step was taken by Peirce himself. To determine whether this is so,
let us begin by examining the assertions of George D. W. Berry on the matter.

Berry (in his [1952]) can, at first glance, be interpreted as supporting Shosky’s
contention that the first recognizable and ascribable example of a truth-table
device is assignable to Wittgenstein and/or Russell. A closer reading of Berry’s
discussion, however, suggests that in fact he did acknowledge that Peirce did,
indeed, “gave one example” of a truth-table matrix. Robert Lane, referring to
[Berry 1952, 158], [Fisch & Turquette 1966, 71—2], [Lukasiewicz & Tarski 1930,
40 n.2], and [Church 1956, 162] in their citations of Peirce’s [1885, 191; 19334, 213,
4.262], tells us [Lane 1999, 284] that, “For many years, commentators have
recognized that Peirce anticipated the truth-table method for deciding whether
a wil is a tautology.” Moreover, Lane [1999, 284], referring to [Peirce 19334;
4.262], adds that “it has long been known that [Peirce] gave an example of a
two-valued truth-table.” Lane explains that Berry [1952, 158]
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acknowledges this early appearance of the truth table. Peirce used the 1902 truth table,
not to display the interpretations (or, as he himself said, the sets of values) on which a
specific compound formula, consisting of three formulae, is true. He did not indicate the
compound formula he had in mind. He seems to have intended the truth table to illus-
trate his claim that “a good many propositions concerning three quantities cannot be
expressed” using propositional connectives.  (Lane [1999, 304 n.4])

If it is true that “it has long been known that [Peirce] gave an example of a two-
valued truth table”, it is unclear how Shosky might possibly have missed it.

The citation from the 1885 article, “On the Algebra of Logic: a Contribution
to the Philosophy of Notation” [Peirce 1885, 191; 1933, 3.387], in providing a
definition of necessary truth and a technique for determining whether a com-
plex proposition is necessarily true in terms of arranging its combinations of
truth values, if read anachronistically, in effect gives what is unmistakenly an
explanation for the use of an indirect truth table. In fact, it is a truth-functional
analysis, and satisfies the condition for a truth-table technique, but yet not a
truth-table device.

The question is whether Peirce ever, expressed in Shosky’s terminology,
arrived at a truth-table device or merely the truth-table technique. Berry [1952]
held that Peirce developed the technique, but not the device. He referred [Berry
1952, 158] to an untitled “paper written in 1902” and placed in Volume 4 of the
Hartshorne and Weiss edition of Peirce’s Collected Papers in which, he said,
DPeirce “explained the theoretical basis of truth tables and gave one example
[Peirce 19334, 4.260—262]”, although he thought that “Peirce apparently never
devised a matrix or truth-table version of the propositional calculus”. He went
on to assert that Peirce “seems never to have thought of truth-tables as a means
of defining connectives rather than as a technique for establishing truths.”

In fact, in the work from 1902, Peirce displayed the following table for three
terms, X, y, 2, writing v for true and f for false:

Mmoo <4 <R
mo< oM <

<M m <N

Moreover, he noted there that, for a proposition having 7z-many terms, there
would be 2”-many sets of truth values. Shea Zellweger and the late William
Glenn Clark have argued convincingly that Peirce developed both the truth-
table technique and set forth an unmistakable truth-table device. The device can
be found in a manuscript discovered by Shea Zellweger in 1983.

Clark announced Zellweger’s discovery on 7 September 1989 at the Peirce
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Sesquicentennial Congress (see [Clark 1989]). The detailed analysis and recon-
struction was presented by [Clark 1997], and further developed by [Zellweger
1997]. The pages containing Peirce’s truth-table device were found in a manu-
script at Harvard labelled mMs 839:262.> It is interesting that already in the early
1960s the Italian historian of mathematics Ettore Carruccio (relying upon sec-
ond-hand information from the incompletely documented reference [Vaccarino
1958, 243]) was able to assert [Carruccio 1964, 337-8] that logical operations were
represented “by the logical matrices introduced by C. S. Peirce”. What Vac-
carino seems to have had in mind were probably Lukasiewiczs truth tables, as
the examples he gave, using Polish notation, suggest. What is unclear therefore
is whether Carruccio was crediting Peirce with creating the truth-table device or
showing how matrix representations developed by Peirce could be used to
present a truth-table device.

Peirce’s table was originally part of the manuscript “The Simplest Mathe-
matics” written in January 1902 (“Chapter 111. The Simplest Mathematics
(Logic 111)”, Ms 431; in [Peirce 1849-1914]); see [Clark 1997, 308—9]). Here,
Peirce presented in matrix form the truth values of the sixteen binary connect-
ives of propositional logic:

CHARLES PEIRCE’S TABLE FOR THE 16 BINARY CONNECTIVES

1 2 3 4 5 6 7 8 9 10 1I 12 13 14 1§ 16
F F F F T TTTF F F F T T T T
F F F T F TF FTTF T F T T T
F F T F F FTFTEF T T T F T T
F T F F F FFTEFTT T T T F T

The sources of Peirce’s development of the truth-table device were (1) his
work on truth-table technique and (2) his work on linear algebra and matrix
theory.

The first source for Peirce’s development of the truth-table device is found in
the advances which he proposed to Boole’s truth-functional treatment of prop-
ositions, in which, for example, Boole’s [1847, 21] formulas

Xy =0

and
xy=1,

* All ms designations are to the Robin catalogue numbers [Robin 1967].
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x(1-p =0

which are the definitions respectively for “No x are y” and “All x are y”, are
redefined by Peirce [1885, 183] in terms of truth values {v, f}, so that, as Peirce
notes

and

mean “[proposition] x is true” and “[proposition] x is false”, respectively, and
the formula

x-filx-v)=o0

is the definition of “x is either true or false”. The truth-functional analysis of
propositions was well known to Russell, of course. It can be found, for example,
in his manuscript “On Fundamentals” (1905), where (at p. 371 of [Papers 4:
359—413], the “truth-value function” f is defined to be such that “if the truth
values of its values are determinate when the truth values of the corresponding
arguments are given.” In the introduction to the first edition of Principia
Mathematica [Whitehead & Russell 1910, 72], Russell however assigns to Frege
the credit for formulating the expression that “The #ruth-value of a proposition
is its truth if it is true, and its falsehood if it is false.”

Wittgensteins truth table for implication (without Frege’s assertion) ap-
peared in both tabular form and linearly in the Tractatus [1922, 4.31, 4.442,

5.54], as

T “TT-T) (p, 9)”,
T [...] or, more clearly,

“(TTFT) (p. 9)”

Y
oo =S

T

with tautologies defined as “true for the entire possibilities of the truth values of
the [component] elementary propositions”, and contradictories as the converse,
their truth values comprised only of falsehoods [1922, 4.46].

The second source for Peirce’s development of the truth-table device is
found in his work showing that all linear associative algebras are reducible to a
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matrix logic, in particular in his appendix to the 1881 edition of his father’s
Linear Associative Algebra. As 1 showed in [Anellis 1997, 280—1], in his paper
“Brief Description of the Algebra of Relations”, Peirce [1882] studied dyadic
and triadic relations. He provided a geometric interpretation, based upon
matrices, according to which dyads are ordered pairs arrayed in squares or
blocks, and triplets are ordered triples arrayed in cubes. It is argued there that
dual relations can therefore be shown to be equivalent to absolute terms, and
that a dual relation can be regarded as being equivalent to a triple relation, so
that relations of tetradic order or greater are expressible in terms of relative
products of triple relations. In this case, we write the dyadic and triadic relations
as sums of all of the atoms of the blocks and cubes respectively. Thus, for ex-
ample, a dual relative in an #—ary universe is a system of 7*ordered pairs ar-
ranged in an 7 x z matrix. Letting A be an atom of the system and letting A : B
be an individual dual relative, Peirce obtained

A=A:A+A:B+A:C+...+A:N
and
A:B=A:B:A+A:B:B+A:B:C+...+A:B:N

to show how dual relatives may be rewritten as triple relatives. The arithmetic of
such systems is well known, and left to the reader. A modern presentation of the
details of the arithmetic of this system, particularly as developed in [Peirce 1882],
is presented by Irving M. Copi [Copilowish 1948]. Indeed, Copi, in a lengthy
historical discussion in [Copilowish 1948, 193—6], stresses the roots of his work
in the work of Cayley, but more particularly in [Peirce 1870], and sets himself
the task of developing a modern matrix logic for the algebra of relations using
the notation of Principia rather than the Peirce—Schréder notation. He notes
[Copilowish 1948, 194] that Peirce’s object appears to have been to introduce
matrices “partly as an aid in his classification of relations, and partly for the sake
of illustrations or examples,” citing in particular [Peirce r882] and Peirce’s
manuscript “Nomenclature and Divisions of Dyadic Relations” (ms 538; c.
1903) to support his conjecture concerning Peirce’s purposes. So Peirce (in [B.
Peirce 1881]; see notes and appendices) had developed a matrix logic in terms of
which all of the algebras presented by Benjamin Peirce (as well as those pres-
ented by Cayley and Sylvester) can readily be expressed as special cases. Thus,
for example, as Houser [1989, lii] notes, [Peirce 1882] also argued that Sylvester’s
universal multiple algebra is just a special case or interpretation of his own logic
of relatives (see [Sylvester 1884], the published version of Sylvesters Johns
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Hopkins University lectures to which Peirce was responding in [Peirce 1882]).
Indeed, much of the work of both Benjamin and Charles Peirce on linear alge-
bras may well have been inspired and initiated specifically in order to show that
the algebra of relations has mathematical applications outside of logic. Associa-
tive algebra is included in the theory of matrices (although there is some dis-
agreement about this point; compare, for example, [Brunning 198z, 96—7; 137—
8], and [Lenzen 1973]; also see [Taber r890] and [Hawkes 1902] for evaluations
by Peirce’s contemporaries). Peirce’s colleague Henry Taber [Taber 1890, 353]
wrote that “Charles Peirce has shown that the whole theory of Linear Associa-
tive Algebra is included in the theory of matrices. He has also shown that every
linear associative algebra has a relational form....” Some work in this direction
was also undertaken by Whitehead [1901]. Moreover, Copi [Copilowish 1948]
has shown that, just as representable relation algebras are matrix algebras, so
every proper relation algebra can be thought of as a Boolean matrix algebra.
[Iliff 1997] shows how Peirce’s work in matrix representation contributed to
Peirce’s development of quantification theory.

In early 1906, Russell had also, as [Grattan-Guinness 1977, 74—s] makes clear,
taken a step of his own in connecting truth values with matrices in his substi-
tutional theory of classes. Here, the matrix for the propositional function
“plaix!q” represents the operation of substituting x for # in p, resulting in
proposition ¢.* This substitutional procedure, says [Grattan-Guinness 1977,
74], “left only propositions and their truth values, and individuals named by
constants.” But the truth-table device as found in the manuscript of 1912 to
which Shosky refers is not fully evident here. Also in 1906, in the paper “The
Theory of Implication” [1906], Russell provided an exposition, the most defin-
itive of his expositions prior to the publication of Principia, of implication as

3 The work trying to show that universal algebras are interpretations of matrix logic
presented within the formalization of the calculus of relations was carried out in a series
of papers, including “On the Application of Logical Analysis to Multiple Algebra” (1875)
[Peirce 1986, 177—9], “Notes on Associative Multiple Algebra” (ms 75; 1880-81), “Linear
Associative Algebra Improvement in the Classification of Vids” (1873) [Peirce 1986, 161~
3], “Notes on the Fundamentals of Algebra” (1876) [Peirce 1986, 186—7], “Notes on the
Fundamentals of Algebra” (1876) [Peirce 1986, 187-8), “Sketch of the Theory of Non-
associative Multiplicator” (1876) [Peirce 1986, 198—201], “Note on Grassmann’s Calculus
of Extension” (1877) [Peirce 1986, 238—9], the undated manuscripts “Nilpotent Alge-
bras” (Ms 97), and “Nilpotent Algebras” (Ms 80), as well as in the notes and appendices
to [B. Peirce 1881].

4 The earliest indication to date that Russell was examining this possibility is found
in unpublished writings dating from November 1905, and the first public presentation
occurred in the paper “On the Substitutional Theory of Classes”, which Russell read at
a London Mathematical Society session in April 1906; see [Lackey 1972, 15].
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the most basic primitive of the class calculus and the propositional calculus. He
characterized it in terms of what he accounted its most basic property: namely,
that it is independent of the meaning or even truth of the terms, explaining that
provided the antecedent is true (regardless of whether it actually is or not), the
consequent must be true under implication, i.e. The True implies the True. In
this paper he also suggested a Boolean interpretation in analysing the connect-
ive, replacing truth values False and True with Boolean values o and 1.

Next we turn to the fragments of Peirce’s manuscript Logic Notebook (Ms
339), in particular those dating from at least early 1909 if not somewhat earlier
(in Logic (Logic Notebook 1865-1909); MS 339:440—441v, 443v), which had been
examined by Max Fisch and Atwell Turquette, on the basis of which they
concluded [Fisch & Turquette 1966] that by 23 February 1909 Peirce was able to
extend his truth-theoretic matrices to three-valued logic, thereby anticipating
both Lukasiewicz and Post by a decade in developing the truth-table device for
triadic logic and multiple-valued logics, respectively. [Fisch & Turquette 1966,
72] note that both Lukasiewicz and Post perforce “worked without knowledge
of Peirce’s earlier results”, and that consequently their contributions are not to
be underrated. [Fisch & Turquette 1966, 82—3] think that Peirce might have
been led to work out a triadic logic by the debate between MacColl and Russell
on the nature of implication, and that Peirce had corresponded with MacColl.
But there is no evidence that MacColl would have had access to Peirce’s triadic
truth-table device, and still less that Russell would have had knowledge of it
before 1915, when Peirce’s “extant logical manuscripts”, purchased by Harvard
University from Peirce’s widow in 1914, arrived at Harvard.

Finally, therefore, we simply cannot determine with any degree of certitude
whether Russell learned, directly or indirectly, about the relevant work of Peirce
on truth tables. There is simply no evidence that Russell, let alone Wittgenstein,
knew of Peirce’s manuscript of 1902. Therefore we can cannot exclude the pos-
sibility of independent discovery or formulation of the truth-table device by
Russell and/or Wittgenstein. And we can only speculate upon any influence
which Peirce’s work might have had upon Russell in regard to the history of the
truth-table device. In the absence of the relevant archival evidence, any such
speculation would be futile and historically inappropriate. But the discovery by
Zellweger of Peirce’s manuscript of 1902 does permit us to unequivocally declare
with certitude that the earliest, the first recorded, verifiable, cogent, attriburable
and complete truth-rable device in modern logic attaches ro Peirce, rather than to
Wittgenstein’s 1912 jottings and Eliot’s notes on Russell’s 1914 Harvard lectures.

Very often in history, including no doubt the history of logic, it is not always
the discoverer or inventor of an idea, device, technique, or tool who is awarded
the credit for the discovery or invention, but the one who disseminates knowl-
edge of the novelty. The next job for the historian of logic pursuing the history




The Genesis of the Truth-1able Device 67

of truth-functional logic would appear to be to attempt to ascertain, in so far as
extant evidence permits, whether Russell learned of this aspect of Peirce’s work,
and, if so, when. And that will assuredly require archival excavations and dis-
covery of materials not yet immediately available.

REFERENCES

ANELLIS, IrRVING H. 1992. Review of The Peirce Edition Project, Writings of
Charles S. Peirce: a Chronological Edition, Vols. 1—-1v, Modern Logic, 2: 77-92.

. 1995. “Peirce Rustled, Russell Pierced: How Charles Peirce and Bertrand

Russell Viewed Each Other’s Work in Logic, and an Assessment of Russell’s

Accuracy and Role in the Historiography of Logic”, Modern Logic, 5: 270—

328.

. 1997. “Tarski’s Development of Peirce’s Logic of Relations”, N. Houser,
D. D. Roberts and ]. Van Evra, eds., Studlies in the logic of Charles Sanders
Peirce (Bloomington/Indianapolis: Indiana U. L), pp. 271-303.

AnerLis, IrviNG H. aAND NaTHAN HoOUSER. 1991. “Nineteenth Century
Roots of Algebraic Logic and Universal Algebra”, in H. Andréka, J. D.
Monk and 1. Németi, eds., Algebraic Logic (Proceedings of the Conference in
Budapest, 1988), Collog. Math. Soc. J. Bolyai, 54 (Amsterdam: North-Hol-
land), pp. 1-36.

BErrY, GEORGE D. W. 1952. “Peirce’s Contributions to the Logic of State-
ments and Quantifiers”, in Philip Paul Wiener and Frederic H. Young, eds.,
Studies in the Philosophy of Charles Sanders Peirce (Cambridge, Mass.: Har-
vard U. P), pp. 15265, 34s.

BocHEKSKI, INNOCENT MARIA. 1970. A History of Formal Logic, trans. 1.
Thomas (New York: Chelsea, reprint of 2nd ed.).

BooLe, GEORGE. 1847. The Mathematical Analysis of Logic (Cambridge: Mac-
millan, Barclay, and Macmillan, and London: George Bell).

BRrENT, JosEPH L. 1996. “The Singular Experience of the Peirce Biographer”,
http://members.door.net/arisbe/menu/library/aboutcsp/brent/singular.htm
[accessed 21 November 2004].

BRUNNING, JACQUELINE. 1981. “Peirce’s Development of the Algebra of
Relations” (pH.D. thesis, U. of Toronto).

Carruccro, ETTORE. 1964. Mathematics and Logic in History and Contem-
porary Thought, trans. 1. Quigly (London: Faber and Faber).

CHURCH, ALONZO. 1956. Introduction to Mathematical Logic (Princeton:
Princeton U. P).

Crark, WiLLIAM GLENN. 1989. “New Light on Peirce’s Iconic Notation for
the Sixteen Binary Connectives”, in Peirces Contributions to Logic, Peirce




68 IRVING ANELLIS

Sesquicentennial Congress, 5—10 September 1989, Harvard U., Cambridge,

Mass. Organizers: N. Houser and D. D. Roberts; abstracts, p. 3.

. 1997. “New Light on Peirce’s Iconic Notation for the Sixteen Binary
Connectives”, in N. Houser, D. D. Roberts and J. Van Evra, eds., Studies in
the Logic of Charles Sanders Peirce (Bloomington/Indianapolis, Indiana U.
P), pp. 304-33.

CoriLowiIsH, IRVING M. 1948. “Matrix Development of the Calculus of
Relations”, Journal of Symbolic Logic, 13: 193—203.

FiscH, Max aND ATWELL R. TURQUETTE. 1966. “Peirce’s Triadic Logic”,
Transactions of the Charles S. Peirce Society, 2: 71-8s.

GRATTAN-GUINNESS, IVOR. 1977. Dear Russell—Dear Jourdain: a Commen-
tary on Russell’s Logic, Based on His Correspondence with Philip Jourdain (New
York, Columbia U. P).

. 1997. “Benjamin Peirce’s Linear Associative Algebra (1870): New Light on
Its Preparation and ‘Publication’”, Annals of Science, 54: 597—606.

Hawxkgs, HERBERT EDWIN. 1902. “Estimate of Peirce’s Linear Associative
Algebra”, American Journal of Mathematics, 24: 87-9s.

Hawkins, BENjAMIN S., JR. 1971. “Frege and Peirce on Properties of Sen-
tences in Classical Deductive Systems” (PH.D. thesis, U. of Miami).

. 1975. Review of Don D. Roberts, “The Existential Graphs of Charles S.

Peirce”, Transactions of the Charles S. Peirce Society, 11: 128-39.

. 1975a. “A Compendium of C. S. Peirce’s 18661885 Work”, Notre Dame
Journal of Formal Logic, 16: 109—15.

Houser, NATHAN. 1989. Introduction, [Peirce, 1989], pp. xix—Ixx.

. 1990. “The Fortunes and Misfortunes of Peirce’s Papers”; preprint, 13 pp.

ILir, ALaN J. “The Role of the Matrix Representation in Peirce’s Develop-
ment of the Quantifiers”, in N. Houser, D. D. Roberts and ]J. Van Evra,
eds., Studies in the Logic of Charles Sanders Peirce (Bloomington/Indianapolis,
Indiana U. P), pp. 193—205s.

JEvoNs, WILLIAM STANLEY. 1874. The Principles of Science: a Treatise on
Logic and Scientific Method, 2 vols. (London, Macmillan; 3rd ed., 1879).

Korcik, A. 1945-50. “Genez pomyshu Sheffera dotyczacego redukeij pieciu
logicznych pewnej stalej réiney od nich”, Roczniki filozoficzne, 2/3 (publ.
1951): 423-8.

Lackey, DoucgLras P. 1972. “The Whitehead Correspondence”, Russell, o.s.
no. 5 (spring 1972): 14-16.

Lapp [-FRANKLIN], CHRISTINE. 1883. “On the Algebra of Logic”, in C. S.
Peirce, ed., Studies in Logic, by Members of the Johns Hopkins University (Bos-
ton, Little, Brown, 1883; reprinted, with an introduction by M. Fisch, Ams-
terdam: John Benjamins Publishing Co., 1983), pp. 17—71.

LaNE, ROBERT. 1999. “Peirce’s Triadic Logic Revisited”, Transactions of the




The Genesis of the Truth-1able Device 69

Charles S. Peirce Society, 35: 284—311.

LeENZzEN, VicToR FriTz. 1971. “Bertrand Russell at Harvard, 19147, Russell,
0.s. no. 3 (autumn 1971): 4—6.

. 1973. “The Contributions of Charles S. Peirce to Linear Algebra”, in D.
Riepe, ed., Phenomenology and Natural Existence: Essays in Honour of Marvin
Farber (Albany: State U. of New York P), pp. 239—54.

Lukasiewicz, JaN. 1920. “O logice tréjwartosciowej”, Ruch filozoficzny, s:
169—71.

Lukasiewicz, JaAN AND ALFRED TARsKI. 1930. “Untersuchungen iiber den
Aussagenkalkiil”, Comptes rendus des séances de la Société des Sciences et des
Lettres de Varsovie, 32 (cl. iii): 30—s0. Reprinted in English translation as
“Investigations into the Sentential Calculus” by J. H. Woodger in A. Tarski,
Logic, Semantics, Metamathematics (Oxford: Clarendon P, 1956), pp. 38—59.

PEIRCE, BENJAMIN. 1881. “Linear Associative Algebra, with Notes and Ad-
denda by C. S. Peirce”, American Journal of Mathematics, 4: 96—30s.

PeIRCE, CHARLES SANDERS. 1849-1914. The Chatles S. Peirce Papers. Man-
uscript collection in the Houghton Library, Harvard U.

. 1870. “Description of a Notation for the Logic of Relatives, Resulting from

an Amplification of the Conceptions of Boole’s Calculus of Logic”, Memoirs

of the American Academy, 9: 317—78. Reprinted in [Peirce 1984], pp. 359—429.

. 1880. “On the Algebra of Logic”, American Journal of Mathematics, 3: 15—

57. Reprinted in [Peirce 1989], pp. 163—209.

. 1882. “Brief Description of the Algebra of Relatives”, Baltimore, privately

printed. Reprinted in [Peirce 1989], pp. 328-33.

. 1885. “On the Algebra of Logic: a Contribution to the Philosophy of Nota-

tion”, American Journal of Mathematics, 7: 180—202. Reprinted in [Peirce

19931, pp. 162-90.

.1933. (Charles Hartshorne and Paul Weiss, eds.), Collected Papers of Charles

Sanders Peirce, Vol. 111: Exact Logic (Published Papers) (Cambridge, Mass.:

Harvard U. P; 2nd ed., 1960).

.1933a. (Charles Hartshorne and Paul Weiss, eds.), Collected Papers of Charles

Sanders Peirce, Vol. 1v: The Simplest Mathematics (Cambridge, Mass., Har-

vard U. P; 2nd ed., 1960).

.1984. (E. C. Moore, ed.), Writings of Charles S. Peirce: a Chronological Edi-

tion, Vol. 2: 1867-1871 (Bloomington: Indiana U. P).

. 1986. (C. J. W. Kloesel, ed.), Writings of Charles S. Peirce: a Chronological

Edition, Vol. 3: 1872—1878 (Bloomington: Indiana U. P)

.1989. (C. J. W. Kloesel, ed.), Writings of Charles S. Peirce: a Chronological

Edition, Vol. 4: 18791884 (Bloomington/Indianapolis: Indiana U. P).

.1993. (C. J. W. Kloesel, ed.), Writings of Charles S. Peirce: a Chronological

Edition, Vol. 5: 18841886 (Bloomington/Indianapolis: Indiana U. P).




70 IRVING ANELLIS

Post, EMIL LEON. 1920. “Introduction to a General Theory of Elementary
Propositions” (PH.D. thesis, Columbia U.). Abstract presented in Bulletin of
the American Mathematical Society, 26: 437; abstract of a paper presented at
the 24 April meeting of the American Mathematical Society.

. 1921. “Introduction to a General Theory of Elementary Propositions”,
American Journal of Mathematics, 43: 163—8s.

RoBIN, RICHARD S. 1967. Annotated Catalogue of the Papers of Charles S.
Peirce (Amherst: U. of Massachusetts P).

RuUssSELL, BERTRAND. ¢. 1900—01. Notes on Peirce [1880] and [1885]; ms., 3
pp- Russell Archives.

. 1906. “The Theory of Implication”, American Journal of Mathematics, 28:

159—202.

. 1986. Papers 8.

. 1992. Papers 6.

. 1994. Papers 4.

SHosKY, JoHN. 1997. “Russell’s Use of Truth Tables”, Russell, n.s. 17 (sum-
mer): 11-26.

SYLVESTER, JAMES JOSEPH. 1884. “Lectures on the Principles of Universal
Algebra”, American Journal of Mathematics, 6: 270-86.

TaBER, HENRY. 1890. “On the Theory of Matrices”, American Journal of
Mathematics, 12: 337-95.

VaccariNo, G. 1958. “Limplicazione stretta e la logica delle modalita”, in E
Rossi-Landi, ed., I/ pensiero american contempraneo. Filosofia Epistemologia
Logica (Milan), no pp.

WHITEHEAD, ALFRED NORTH. 1901. “Memoir on the Algebra of Symbolic
Logic”, American Journal of Mathematics, 23: 139—65, 297—316.

WHITEHEAD, ALFRED NORTH AND B. RUssELL. 1910. PM, Vol. 1.

WITTGENSTEIN, LUDWIG. 1922. Tractatus Logico-philosophicus, trans. C. K.
Ogden (London: Routledge and Kegan Paul).

ZacH, RICHARD. 1999. “Completeness before Post: Bernays, Hilbert, and the
Development of Propositional Logic”, Bulletin of Symbolic Logic, 5: 331-66.
ZELLWEGER, SHEA. 1997. “Untapped Potential in Peirce’s Iconic Notation
for the Sixteen Binary Connectives”, in N. Houser, D. D. Roberts and ]J.
Van Evra, eds., Studies in the Logic of Charles Sanders Peirce (Bloomington/

Indianapolis: Indiana U. P), pp. 334-86.

ZHEGALKIN, Ivan 1. 1927. “O tekhnike vychisleniya predlozhenii v simvo-
licheskoi logike”, Matematicheskii Sbornik, (1), 34: 9—28.

. 1928-1929. “Arifmetizatsiya simbolicheskoi logiki”, Matematicheskii Sbor-

nik, (1), 35 (1928): 311773 36 (1929): 205-338.






