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Reasoning and Explanation in Physics - I* 
Modes of Reasoning 

K. K. Mashood, Anwesh Mazum
r and Arvind Kumar 

In this article, we brie�y review and illustrate the evolution 
of reasoning modes in science, �om the pre-modern to the 
modern era, with particular reference to physics. This can 
help students demarcate explanations that are unacceptable 
in modern science from those that are possible explanations 
subject to experimental con
rmation. The discussion bears 
directly on some common learning pitfalls in physics. 

Introduction 

What kind of explanation is basically unacceptable in mode* 
science? This question becomes meaning�l when we look at 
the origins of mode* science. We are all taught that the Scien­
ti�c Revolution in Europe in the 16th-17th centuries overthrew 
the earlier conceptual �ameworks in astronomy and physics and 
ushered in the new experiment-centred methodology of mode* 
science. Less emphasized is the �ct that while attending this 
methodological change, there was also a subtle change in the ac­
ceptable modes of reasoning in physics, which eventually covered 
all of mode* science. 

The phrase 'mode of reasoning' adopted here needs some clari­
�cation. We know that mode* science adopts a combination of 
deductive and inductive logic or elaborations thereof. In the so­
called hypothetico-deductive method, a hypothesis is made, and 
its deductive consequences are tested experimentally. Where sev­
eral alte*ative hypotheses work, we choose the one that appears 
to be the most plausible based on some intuitive criteria ('infer-

*Vol.28, No.7, DOI: h ps://doi.or�10.1007/s12045-023-1636-y

K K Mashood is a "culty 
member at the Homi Bhabha 
Centre #r Science Education 
(TIFR). His interests are in 
physics education research 

and cognitive science. 

Anwesh Mazumdar is a 
"culty member at the Homi 
Bhabha Centre for Science 

Education (TIFR). His 
research interests include 
stellar astrophysics and 

physics education. 

Arvind Kumar was a "culty 
member at the Homi Bhabha 
Centre #r Science Education 
(TIFR) till his retirement in 
2008. His main interests are 

theoretical physics and 
physics education. 

-
R
-ES

_
O
_N_A

_N_C
_E_I 

-
Ju
-
ly

_2_0
-23

--------~�----------------
l-04

-
9 



Keywords 
Science, physics, modes of rea­
soning, deduction, induction, in­
ference, learning pitfalls. 

Some of the modes of 
reasoning be(re the 

emergence of modem 
science �e veD natural 
and Iere(re seen even 
at present in school and 

college classrooms, 
where young students J 

to cope with le�ing 
science through Ieir 

mix of spontaneous and 
Ktored reasoning. 

GENERA L ARTICLE 

ence to the best explanation'). 

But these logical *ameworks are not unique to modem science. 
They were used in natural philosophy (the antecedent of modem 
science in ancient and medieval times) too, with the caveat that 
there empirical observations (not controlled experiments) served 
as tests of inferences. Indeed deduction, induction and 'in&rence 
to the best explanation' are ubiquitous, even in common reason­
ing in our daily lives. 

What then demarcates reasoning in modem science *om its pre­
modem versions? The answer lies in the kinds of premises that 
embed any logical argument. Some kinds of premises, widely 
prevalent in pre-modem eras, are no longer acceptable in mod­
em science, and some kinds are regarded only as heuristic ideas 
that are accepted only after experimental veri'cation of their con­
sequences. By modes of reasoning, we basically re&r to the 
kinds of premises underlying the logica6mathematical arguments 
in science. 

The issue is not merely of historical interest but directly bears 
on science education, )r some of the modes of reasoning be)re 
the emergence of modem science (now unacceptable or quali'ed) 
are very natural and, there)re, unsurprisingly, are seen even at 
present in school and college classrooms where young students 
try to cope with le�ing science through their mix of spontaneous 
and tutored reasoning. 

This article aims to describe and illustrate in simple terms the dif­
&rent modes of reasoning in science *om pre-modem to modem 
times and the le�ing pitfalls associated with some of them. We 
must note that the topic of reasoning and explanation properly be­
longs to the discipline of philosophy of science. Our presentation 
here is not a philosophical analysis, nor does it meet the rigor­
ous standards of one. But we believe it can have pedagogic use 
in helping students acquire a more nuanced view of the nature of 
reasoning in modem science. 

Needless to say, we are )cusing here on a very limited aspect 
of modem science. Several other epistemological issues, such as 
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