
The Similarity of Theory
Testing in the Historical and
“Hard” Sciences
Frequent claims appear in the Christian science/faith literature, and in popular discussions of 
science, that the historical sciences (cosmology, astronomy, geology, evolutionary biology,
anthropology, archaeology) are fundamentally different from the “hard” sciences, and that
their scientific conclusions are less rigorous and less testable.1 It is argued that the historical
sciences deal with unrepeatable events and are therefore not experimental.2 Furthermore,
because past events and processes are not directly observable, theories of origins are deemed
inferior or less certain than studies of present processes. This view commonly finds expression 
in statements like: “No one was there so we can never know what really happened.”3 Scientific 
claims about Earth and biological history are then dismissed as untestable speculation. These
various perceptions of historical science represent serious misunderstandings of both the
nature of experiment and theory testing, and the character of scientific “proof.” It is my hope
that this brief essay will serve both to expose widely held misconceptions about the nature of
science and to demonstrate that historical science is rigorously testable.

Sci ence does not employ a sim ple
induc tive rea son ing strat egy as
assumed by many who dis miss the

claims of his tor i cal sci ence. The induc tive
method was pro posed by Fran cis Bacon at
the begin ning of the sev en teenth cen tury.
The “Baconian method” argues that sci en -
tists should gather and com bine all rel e vant 
facts, and from these facts derive gen eral
laws.4 How ever, since the mid dle of this
cen tury, phi los o phers of sci ence have rec og -
nized that sci ence actu ally pro ceeds by the
“hypothetico-deduc tive method.”5 Obser -
va tions are made, and a hypoth e sis is
 proposed to explain those obser va tions.
A new set of obser va tions not yet made is
inferred deduc tively from the hypoth e sis.
The hypoth e sis can then be tested against
these new obser va tions, and mod i fied or
rejected if nec es sary. Although hypoth e ses
can be rejected by the meth od ol ogy of
 science, they can not be pos i tively proved.
No sci en tific the ory can be proven in the
sense of a math e mat i cal or log i cal proof.
Any accepted sci en tific the ory is sim ply the
best exist ing unfal si fied expla na tion for the
obser va tions already made. This is as true
for phys ics as it is for evo lu tion ary biol ogy.

The his tor i cal sci ences fol low the same
meth ods and rules as the “hard sci ences”
and are no less sci en tific. The his tor i cal
 sciences fol low the hypothetico-deduc tive
method in the same man ner as does chem -
is try or phys ics. Pre dic tions made by hy-
potheses in these fields are con tin u ally
being tested by new obser va tions. If the
pre dic tions deduced from a hypoth e sis are
not sup ported by new obser va tions, then
that hypoth e sis is mod i fied or rejected.
 Scientific research pro ceeds by an almost
con tin ual pro cess of hypoth e sis cre ation
and test ing. Many past the o ries in the his -
tor i cal sci ences have been dis carded with
the accu mu la tion of new obser va tions and
the devel op ment of new the o ries of greater
explan a tory power. 

In “hard” sci ences such as chem is try or
phys ics, no less than in the his tor i cal sci -
ences, the actual phe nom ena or pro cesses
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being stud ied are rarely directly observ able.
The pro cess of for ma tion of atomic bonds
dur ing a chem i cal reac tion, for exam ple, is
rarely directly observed; it must be recon -
structed from the data col lected dur ing the
reac tion as inter preted by pres ent the ory.
Like wise, sub atomic events are recon structed 
from the data obtained from instru ments
designed to record those sig nals which cur -
rent the ory pre dicts. What is avail able for
anal y sis are the prod ucts or results of exper i -
men tal events, not the events them selves—
whether those events occurred in a test tube
or a high-energy accel er a tor. The chem ist or
phys i cist exam ines the records of past events 
to infer unobservable pro cesses. In addi tion,
only a lim ited amount of data can be col -
lected from those events. The inves ti ga tor
must select the data to be recorded. The
recorded data thus will be con strained by
exist ing the ory, the spe cific objec tives of the
exper i menter, the lim i ta tions of mea sure -
ment tech nol ogy, and the prac ti cal lim i ta -
tions of time and money. As a result, crit i cal
con di tions or fac tors may remain unknown
and unre corded. This unre corded data is lost 
irre triev ably with each exper i men tal event.
Unless the prod ucts of an exper i ment can be
retained for future anal y ses (as in chem i cal
prod ucts or cell and tis sue cul tures), the only 
pre served record is the data col lected—and
this data is incom plete and sub ject to bias.

In the his tor i cal sci ences, the records of
past events are also exam ined to infer causal
pro cesses not directly observ able. But, in this 
case, the pre served record is con trolled, not
by the inves ti ga tor, but by nature. What is
pre served are the prod ucts (e.g., min er als,
fos sils, rocks, faults) of past pro cesses and
events. The avail able record of past events is
deter mined not on the basis of human bias,
but by the preservational pro cesses of nature 
that pro duce their own bias. The inves ti ga -
tor then must select from this pre served
record those data deemed sig nif i cant for the
prob lems being addressed. Data col lected
from the avail able record of ancient events
by one sci en tist can be con firmed by the
anal y ses of oth ers. Sci en tists can return to
this same record repeat edly and look at it
in new ways—uti liz ing new tech nol o gies or
sim ply focus ing on pre vi ously ignored or
unrec og nized aspects of the record. Nature
also com monly pro vides mul ti ple records of
the same or sim i lar events. The geol o gist or
pale on tol o gist thus has “nat u ral exper i -

ments” that pro vide mul ti ple repeated tri als. 
There are, of course, some his tor i cal events
that are sin gu lar i ties, such as the ori gin of
the uni verse, for which there is only one trial.

Other areas of research in the his tor i cal
sci ences in which the direct obser va tion of
past events occurs rou tinely are in the fields
of astron omy and cos mol ogy. Because of the
finite speed of light, we are able to directly
observe astro nom i cal events dat ing back to
very early in the his tory of the uni verse.
We can observe the actual birth and death
of stars that occurred mil lions to bil lions of
years ago. The blackbody curve of the
 cosmic micro wave back ground radi a tion,
dat ing from about 300,000 years after the Big 
Bang, is one of the most thor oughly doc u -
mented of phys i cal obser va tions. 

Exper i ments in the nonhistorical sci ences
can be repeated under closely sim i lar, though 
rarely iden ti cal, con di tions. The more com -
pli cated the sys tem, the less all con di tions
with pos si ble impacts on the exper i men tal
out come can be con trolled. This is par tic u -
larly true when design ing exper i ments to
study liv ing sys tems—whether sin gle organ -
isms, pop u la tions, or eco sys tems. Events and
pro cesses occur ring in such sys tems are not
strictly repeat able, yet sci en tists can make
use ful pre dic tions of future behav ior by
study ing them. Although unique, each new
event or exper i men tal out come in a com plex
sys tem increases the under stand ing of the
causal pro cesses involved. Strict repeat abil -
ity is thus not a cri te rion for the test ing and
revi sion of hypoth e ses. The repeated occur -
rence of very sim i lar, though not iden ti cal,
events in Earth’s his tory like wise pro vides
the basis for the test ing of the o ries and the
pre dic tion of future obser va tions.

His tor i cal sci ences are just as pre dic tive,
and test able, as the “hard” sci ences.6 Like all
sci en tific dis ci plines, geol ogy and pale on -
tol ogy pro ceed by test ing the pre dic tions of
exist ing mod els and the o ries. Pre dic tions are 
tested against each new obser va tion or anal -
y sis. Obtaining data from a newly ana lyzed
sam ple or newly described local ity is no dif -
fer ent meth od olog i cally than obtain ing data
from a new exper i men tal trial. In both cases,
the new obser va tions can be tested against
expec ta tions based on pre vi ous expe ri ence
and the o ret i cal pre dic tions. In stra tig ra phy
or sedimentology, for exam ple, the mea sure -
ment and descrip tion of each new rock
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out crop or subsurface core is a test of work ing hypoth e ses
based on pres ent under stand ing. If a spe cific rock unit is
inter preted to be part of a coastal bar rier island com plex,
then spe cific pre dic tions can be made con cern ing the
geom e try of this rock body and the char ac ter is tics and dis -
tri bu tion of asso ci ated sed i men tary rocks. In mod ern
bar rier islands, a whole com plex of envi ron ments are pres -
ent—shoreface sands, beach depos its, coastal sand dunes,
backbarrier lagoons, tidal inlets with ebb and flood del tas,
tidal chan nels, and so forth. Each of these envi ron ments
has its char ac ter is tic spa tial rela tion ships, sed i ment types,
depositional fea tures, and asso ci ated biota. If the orig i nal
hypoth e sis of a bar rier island was cor rect, then fur ther
explo ra tion and sam pling of the area should reveal the
pre dicted geo logic fea tures and their pre dicted spa tial and 
tem po ral rela tion ships. If the new obser va tions are con -
trary to these pre dic tions, then the hypoth e sis must be
mod i fied, or if nec es sary, aban doned.

Another testing methodology used by
both the “hard” and historical sciences is 
the reconstruction of inferred conditions 
to see if they produce the predicted result.

Geo log i cal the o ries rise and fall based on their abil ity
to explain pre vi ous data and to pre dict new obser va tions.
All prac ti cal appli ca tions of geo log i cal research (min eral
and oil explo ra tion, ground wa ter man age ment, pol lu tion
con trol and abate ment, assess ment of human impacts on
global change, etc.) are con tin gent on the abil ity to pre dict
future obser va tions based on the o ret i cal mod els. These
mod els are based on the obser va tion of cur rent geo log i cal
pro cesses, and on the recon struc tion of past geo log i cal
events and pro cesses from the geo log i cal record. 

Another test ing meth od ol ogy used by both the “hard”
and his tor i cal sci ences is the recon struc tion of inferred
con di tions to see if they pro duce the pre dicted result. This
may be done through actual exper i men ta tion or by numer -
i cal or com puter mod el ing. The con di tions may be highly
sim pli fied in order to under stand the com po nents of a
 naturally com plex sys tem, or they may be more or less
real is tic. Geol o gists thus con struct flume or watertable
exper i ments to model hydrologic sys tems, use pres sure
and tem per a ture “bombs” to repro duce con di tions in the
Earth’s inte rior, and con struct geo phys i cal com puter mod -
els of the man tle and core to under stand plate tec ton ics.
The results of these mod els can then be com pared to
 theoretical pre dic tions and to real world obser va tions.
Sim i larly the phys i cist, chem ist, and biol o gist com monly
use sim pli fied mod els to test the behav ior of causal fac tors
pre dicted to under lie much more com plex real-world

 situations. Exper i ments may be con structed and data col -
lected to test pre dic tions of pro posed mod els or the o ries,
or to gather infor ma tion on a sys tem that is not well under -
stood. The rela tion ship between the ory, data col lec tion,
and data inter pre ta tion is com plex. Pres ent the ory and
avail able tech nol ogy affect what data are col lected and
how they are inter preted. The doing of sci ence is always
con strained by its his tor i cal con text and the biases of its
prac ti tio ners. There is no such thing as a pure objec tive
Baconian sci ence of unbi ased obser va tion.7 This is true of
both the “hard” and his tor i cal sci ences. Biased data are not 
wrong, just incom plete, and as the body of accu mu lat ing
data increases, sci en tific the o ries must be mod i fied to be
use ful as explan a tory and pre dic tive tools. As a Chris tian
sci en tist, I have con fi dence in the advance ment of sci en tific 
under stand ing because I believe that our data, how ever
incom plete, reflect an objec tive phys i cal real ity.

All the o ries are accepted based on their pre dic tive and
explan a tory power, for their abil ity to make diverse obser -
va tions intel li gi ble. The val i da tion of a sci en tific the ory is
not like a legal proof in which truth must be estab lished
beyond a rea son able doubt. No sci en tific the ory will be
with out unre solved prob lems, incon sis tent evi dence, or
unex plained phe nom ena. Com pre hen sive the o ret i cal con -
structs or par a digms, such as macroevolution or plate
tec ton ics, not only pro vide broad explan a tory power
but also serve to high light those obser va tions not eas ily
accom mo dated, thus pro vid ing direc tion for fur ther
research. Some the o ries are ahead of the evi dence and oth -
ers strug gle to accom mo date the data already assem bled.
How ever, it is the gen er a tion of new ques tions that is
the foundation of sci en tific research. Both the “hard” and
his tor i cal sci ences are on equal ground here. Sci en tists
are driven to con struct better and better mod els of the
 universe, of how phys i cal real ity really is. Thus sci ence
pur sues truth, but never claims to have it fully within its
grasp. ]

Acknowledgment
Thanks are due to three anon y mous review ers who
 provided use ful sug ges tions and helped me clar ify my
argu ments.

Notes
1This di chot omy ap pears in its most ex treme form in young Earth
creationist lit er a ture as the dis tinc tion be tween “or i gins sci ence”
and “op er a tional sci ence.” Duane Gish has stated: “Thus, for a the -
ory to qual ify as a sci en tific the ory, it must be sup ported by events
or pro cesses that can be ob served to oc cur, and the the ory must be
use ful in pre dict ing the out come of fu ture nat u ral phe nom ena or
lab o ra tory ex per i ments. An ad di tional lim i ta tion usu ally im posed
is that the the ory must be ca pa ble of fal si fi ca tion; that is, one must
be able to con ceive some ex per i ment the fail ure of which would
dis prove the the ory. It is on the ba sis of such cri te ria that most evo -
lu tion ists in sist that cre ation be re fused con sid er ation as a pos si ble
ex pla na tion of or i gins. Cre ation has not been wit nessed by hu man
ob serv ers, it can not be tested sci en tif i cally, and as a the ory it is
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nonfalsifiable. The gen eral the ory of evo lu tion (mol e cules-to-man
the ory) also fails to meet all three of these cri te ria, how ever”
(D. T. Gish, “Cre ation, Evo lu tion, and the His tor i cal Ev i dence,” The 
Amer i can Bi ol ogy Teacher 132 [1973]: 40. Re printed in Mi chael Ruse,
ed., But is it Sci ence? [New York: Pro me theus Books, 1996], 266–82).

2The view that the his tor i cal sci ences are nei ther test able or exper i -
men tal was expressed by many of those opposed to inclu sion of
macroevolution and Earth his tory in the Kan sas sci ence stan dards.
“As to the spe cific edit ing of evo lu tion related con tent in the Sci -
ence Stan dards by our BOE, evo lu tion-related con cepts hav ing
pre cise, test able def i ni tions were retained. Thus, Men de lian genet -
ics, DNA struc ture and vari abil ity, muta tions in DNA, nat u ral
selec tion and genetic drift were all retained. Evo lu tion related
 content in the domain of his tor i cal recon struc tion rather than
exper i men tal test ing was gen er ally removed, how ever. His tor i cal
sci ence ques tions such as the age of the earth or whether dino saurs
evolved into birds can not be exper i men tally tested in the man ner
of, say, whether a par tic u lar vac cine will pre vent a dis ease. Such
his tor i cal issues need to be treated more in the man ner of a jury
trial. Evi dence is accu mu lated and alter na tive rea soned inter pre ta -
tions of the evi dence explored” Paul Ackerman (ICR news release,
Aug 20, 1999).

3The “no one was there” argu ment was fre quently used dur ing the
debates over the Kan sas sci ence stan dards. “’I can’t under stand
what they’re squeal ing about,’ Bacon said of sci en tists who oppose
the board’s action. Mil lions or bil lions of years ago, Bacon said, ‘I
was n’t here, and nei ther were they. Based on that, what ever expla -
na tion they may arrive at is a the ory and it should be taught that
way’” (“Sci ence vs. the Bible: Debate Moves to the Cos mos,” New
York Times [Octo ber 9, 1999]).
This argu ment also fig ured prom i nently in the text book dis claimer
that was con sid ered but ulti mately rejected by the state of

Oklahoma. The text of that dis claimer read in part: “No one was
pres ent when life first appeared on earth. There fore, any state ment
about life’s ori gins should be con sid ered as the ory, not fact. The
word evo lu tion may refer to many types of change. Evo lu tion
describes changes that occur within a spe cies. (White moths, for
exam ple, may evolve into gray moths.) This pro cess is
microevolution, which can be observed and described as fact.
 Evolution may also refer to the change of one liv ing thing into
another, such as rep tiles into birds. This pro cess, called macro -
evolution, has never been observed and should be con sid ered a
the ory” (Quoted in Ken neth R. Miller, “Dis secting the Dis claimer,” 
Reports of the National Cen ter for Sci ence Edu ca tion 20, no. 3 [2000]:
30–3).
Note that these argu ments also pre sup pose the com monly held
 fallacy that “the ory” means untestable spec u la tion.

4It is in ter est ing to note that a “Baconian” ap proach was ex tended to
Scrip ture by the lead ers of fun da men tal ism in the late 1800s. See
George M. Mar sden, Fun da men tal ism and Amer i can Cul ture (New
York: Ox ford Uni ver sity Press, 1980).

5See dis cus sion of sci en tific meth od ol ogy in Ian Barbour, Re li gion in
an Age of Sci ence (San Fran cisco, CA: HarperCollins Pub lishers,
1990) and in Nancey Murphy, Rec on ciling The ol ogy and Sci ence:
A Rad i cal Ref or ma tion Per spec tive (Kitchener, On tario: Pan dora Press,
1997).

6A re cent ar ti cle mak ing the point that his tor i cal sci ences are not in -
fe rior to ex per i men tal sci ence in test ing hy poth e ses is Carol E.
Cleland, “His tor i cal Sci ence, Ex per i men tal Sci ence, and the Sci en -
tific Method,” Ge ol ogy 29 (2001): 987–90. 

7An in ter est ing dis cus sion of the na ture of sci ence is given by Henry
H. Bauer, Sci en tific Lit er acy and the Myth of the Sci en tific Method
(Urbana, IL: Uni ver sity of Il li nois Press, 1994).
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