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The	National	Education	Policy	2020	recommends	that	University	curricula	include	a	strand	
of	education	that	aims	at	Higher-Order	Cognitive	Capacities	(HOCC).	Following	up	on	this	
recommendation,	the	NAAC	white	paper,	Re-Imagining	Assessment	and	Accreditation	in	
Higher	Education	in	India	(2022)	proposes	that	regardless	of	the	area	of	specialisation,	the	
assessment	and	accreditation	of	all	undergraduate	programs	include	considerations	of	
successful	student	learning	in	terms	of	HOCC.	(See	Section	2	of	the	white	paper	
(http://naac.gov.in/images/docs/notification/Re-
Imagining_Assessment_and_Accreditation_in_Higher_Education_in_India_2207202.pdf).		

This	note	is	an	attempt	to	communicate	to	Faculty	members	of	Universities	what	a	course	
on	HOCC	might	look	like	and	what	it	would	aim	at.	We	illustrate	this	by	giving	the	
necessary	background	and	a	battery	of	examples.		
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1	 The	Ideas					

1.1	Educational	Goals	of	Courses	on	HOCC	
The	NAAC	white	paper	2022		fleshes	out	the	specifics	of	Higher-Order	Cognitive	Capacities	
(Section	2.3.4),	and	outlines	a	view	of	them	as	a	configuration	of	capacities	that	go	into	the	
construction	and	evaluation	of	academic	knowledge.		

Among	these	capacities	are	those	for	rational	inquiry,	reasoning,	critical	thinking,	and	
integration.	The	concept	of	academic	knowledge	is	central	to	all	of	these	capacities,	which	
cluster	around	it.	So	let	us	begin	by	defining	this	core	concept:	

	 Academic	Knowledge:	a	body	of	propositions	that	the	academic	community	judges	to	be	
true	beyond	reasonable	doubt	on	the	basis	of	the	soundness	of	the	rational	
justification	in	support	of	these	propositions.	
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In	this	respect,	the	system	of	academic	knowledge	differs	from	other	knowledge	systems	
such	as	traditional	knowledge,	folk	knowledge,	personal	knowledge,	intuitive	knowledge,	
and	so	on.	That	is,	the	rational	justification	is	central	to	the	enterprise	of	academic	
knowledge.	Rational	means	‘subject	to	reason’.	The	central	pillars	of	rational	justification	
are	the	commitment	to:		

Acceptance	of	Logical	Consequences:		 If	we	accept	a	set	of	propositions	as	true,	
then	we	must	also	accept	their	logical	consequences	as	true.		

Prohibition	of	Logical	Contradiction:	 We	must	not	accept	as	true	a	combination	of	
propositions	that	are	logically	contradictory.		

Drawing	upon	these	foundations,	the	educational	goals	of	a	University	curriculum	may	be	
to	help	learners	develop:	

A)	 an	understanding	of	what	is	judged	to	be	knowledge	within	the	current	
academic	community,	and		

B)	 the	ability	to	construct	and	evaluate	academic	knowledge.	

The	focus	of	an	educational	program	on	HOCC	is	(B).	The	focus	on	(B)	will	eventually	feed	
into	(A).		

To	see	this	point	clearly,	imagine	that	a	university	for	mathematics	and	science	offers		
compulsory	courses	in	mathematics,	physics,	chemistry,	biology,	humanities	and	social	
sciences	in	the	first	semester	of	Year	1	of	a	Bachelor’s	Program.	These	courses	are	likely	to	
aim	at	(A).	Now	imagine	that	the	university	decides	to	offer	yet	another	compulsory	
course,	that	of	logic	in	mathematics,	the	sciences,	and	the	humanities.	Clearly,	the	goal	of	
logic	is	not	that	of	helping	learners	to	understand	number	theory,	classical	mechanics,	
inorganic	chemistry,	developmental	biology,	or	world	history.	Its	aim	would	be	(B).		

Logic	is	one	strand	of	HOCC.	There	are	other	strands	in	it	such	as	critical	thinking,	
integration,	etc.	These	different	strands	of	HOCC	and	their	relation	to	academic	knowledge	
may	be	illustrated	by	Figure	1	below:	

	
Needless	to	say,	once	the	HOCC	courses	are	introduced,	their	influence	on	the	other	
courses	would	become	tangible.	For	instance,	faculty	members	may	think	of	introducing	
learners	to	theory	construction	through	their	subject	specialisation,	e.g.,	introduction	to	
constructing	a	theory	of	motion	and	gravity,	introduction	to	a	theory	of	substances,	
introduction	to	constructing	theories	of	geometry,	introduction	to	constructing	a	theory	of	
biological	classification	and	ancestry,	and	so	on.	They	may	also	decide	to	engage	with	
issues	of	evidence	and	argumentation	in	support	of	what	they	teach,	e.g.,	why	should	
mechanics	have	the	concept	of	field	in	addition	to	the	concept	of	force?	Why	should	we	
treat	water	as	a	compound	rather	than	as	an	element	or	a	mixture?	Why	should	we	accept	
the	claim	that	all	existing	and	extinct	life	forms	on	the	earth	evolved	from	unicellular	
ancestors?	Such	courses	would	be	aiming	at	(A)	informed	by	(B).		
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1.2	HOCC	vs.	Bloom’s	Taxonomy	
The	distinction	between	Higher	and	Lower	Order	Cognitions	implicit	in	the	term	‘higher’	
conjures	up	the	image	of	Bloom’s	Taxonomy	of	Learning	Objectives	(BTLO):	remember,	
understand,	apply,	analyse,	evaluate,	and	create,	where	create	is	of	the	highest	level	and	
remember	is	at	the	lowest	level.	However,	the	specifics	that	go	into	Higher	Order	Cognition	
involved	in	the	categories	of	understanding,	evaluating	and	creating	go	way	beyond	what	
Bloom	had	conceptualised	more	than	half	a	century	ago.		For	a	detailed	critique	of	BTLO,	
the	reader	is	referred	to	Annexure	8:	“Bloom’s	Taxonomy	and	Desired	Learning	Outcomes”	
in	NAAC	2022;	but	for	now,	we	will	restrict	ourselves	to	a	brief	outline	of	how	HOCC	differs	
from	BTLO.		

Take,	for	instance,	the	category	called	Understanding.	Within	the	broad	concept	of	
understanding,	HOCC	makes	the	following	distinctions:	

• Understanding	that	lends	itself	to	application		
• Understanding	that	includes	making	connections	and	integrating	
• Critical	understanding	

Understanding	of	the	Newtonian	concept	of	force	just	enough	to	apply	it	to	calculate	the	
path	of	a	cannon	ball	is	an	example	of	the	first	type.	Making	connections	between	(i)	the	
concept	of	force	in	Newton’s	theory	as	that	which	can	cause	a	change	without	contact,	(ii)	
the	Greek	concept	where	for	A	to	cause	a	change	in	B,	the	two	have	to	be	in	physical	
contact;	and	(iii)	the	relation	between	force	and	field	in	Einstein’s	theory,	would	be	an	
example	of	the	second	type.	Understanding	the	evidence	and	arguments	for	the	concept	of	
field,	going	beyond	the	concept	of	force,	is	an	example	of	the	third	type.		

Similarly,		in	its	categories	of	‘create’	or	‘evaluate’,	BTLO	does	not	distinguish,	for	instance,	
between	proving	a	mathematical	conjecture	and	proving	a	scientific	hypothesis.	Evaluating	
does	not	account	for	the	critical	thinking	activity	that	begins	with	the	question,	“Why	
should	I	believe	it?”	The	inquiry	activity	that	follows	the	doubting	and	questioning	are	
absent	in	BTLO.	In	short,	the	concepts	in	BTLO	are	not	grounded	in	a	deep	understanding	
of	the	nature	of	academic	knowledge,	and	the	ways	of	creating	knowledge	and	evaluating	
knowledge	claims	in	Academia.		

The	examples	provided	in	the	following	sections	provide	ample	illustrations	for	some	of	
these	features	that	distinguish	HOCC	from	BTLO.				
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2	 Examples					
Here,	we	present	a	variety	of	learning	tasks	designed	to	help	learners	develop	the	capacity	
for	reasoning.	This	capacity	is	central	to	constructing	and	evaluating	academic	knowledge.	
While	reasoning	is	only	one	of	the	threads	that	make	up	HOCC,	it	is	also	the	best	thread	to	
shed	light	on	the	distinction	between	goals	(A)	and	(B),	and	to	illustrate	what	is	distinctive	
about	a	curriculum	that	aims	at	(B)	rather	that	at	(A).			

2.1	“My	maternal	Grandmother	was	born	on	my	fifth	birthday.”	
This	Learning	task	is	framed	as	follows:	

Zeno	claims	that	his	maternal	grandmother	was	born	on	his	fifth	birthday.		

We	reject	this	statement	as	obviously	false.	But	we	must	prove	that	it	is	false.	
For	this,	we	need	to	prove	that	the	following	knowledge	claim	is	true:			
	 	 No	one	can	be	older	than	their	maternal	grandmother.		
TASK:	 Prove	this	statement	using:		
	 	 a.	 the	mathematical	mode	of	proof,	and		
	 	 b.	 the	scientific	mode	of	proof.		

This	learning	trigger	does	not	communicate	to	the	learner	any	new	piece	of	‘knowledge’.		
As	far	as	our	personal	knowledge	system	is	concerned,	all	of	us	believe	that	the	knowledge	
claim	formulated	above	is	true.	What	the	task	requires	learners	to	do	is	to	rationally	
justify	that	belief,	and	through	that	activity,	begin	to	develop	the	capacity	for	rational	
justification.		

To	do	this	using	the	mathematical	mode,	learners	need	to	define	‘maternal	grandmother’,	
which	in	turn	calls	for	a	definition	of	‘mother’	in	terms	of	the	act	of	‘giving	birth’	to	
someone.	They	also	need	to	set	up	an	axiom	on	giving	birth.	Given	these	axioms	and	
definitions,	we	can	use	classical	deductive	logic	to	prove	that	the	claim	under	
investigation	is	true.	The	essence	of	mathematical	proofs	lies	in	setting	up	axioms	and	
definitions	as	premises,	and	deriving	from	these	premises	what	needs	to	be	proved,	using	
classical	deduction.		

To	do	a	proof	using	the	scientific	mode,	we	need	to	make	observations,	because	it	is	
observations	that	serve	as	the	premises	in	scientific	proofs.	In	the	case	of	the	maternal	
grandmother	claim,	we	use	defeasible	inductive	reasoning	to	prove	(establish	as	true)	the	
claim	as	an	observational	generalisation,	using	these	premises.	It	is	the	same	form	of	
reasoning	that	we	need	to	use	to	justify	the	claim	that	every	adult	human	being	has	exactly	
one	heart,	not	more	and	not	less	than	one.		

This	example	illustrates	the	point	that	the	rational	justification	from	a	set	of	premises	
depends	on	the	system	of	reasoning	we	use:	classical	deductive	logic	vs.	defeasible	
inductive	logic.	What	is	rationally	justified	in	one	need	not	be	so	in	the	other.	

2.2	Solid	and	Liquid	
Our	next	example	has	to	do	with	the	role	of	the	Prohibition	of	Logical	Contradictions	in	
Academic	Knowledge.			

Any	five	year	old	experientially	recognises	water	at	room	temperature	as	liquid,	and	wood	
as	solid,	without	having	learnt	definitions	of	‘solid’	and	‘liquid’.	But	in	the	course	of	school	
education,	children	are	given	the	following	statements	as	definitions:	
	 Solid	has	its	own	definite	shape	and	volume.	
	 Liquid	has	its	own	volume,	but	its	shape	depends	on	the	shape	of	its	container.		
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A	ball	of	wood	remains	spherical	whether	it	is	in	a	conical	flask,	or	a	cylindrical	jar.	But	the	
shape	of	a	glassful	of	water	is	conical	in	a	conical	flask,	and	cylindrical	in	a	cylindrical	jar.	
Given	the	above	definitions,	it	follows	that	the	wooden	ball	is	solid	while	water	is	liquid.		
However,	a	bag	of	sand	takes	on	the	shape	of	its	container:	it	is	conical	in	a	conical	flask,	
and	cylindrical	in	a	cylindrical	jar.	Hence,	if	we	accept	the	definitions,	we	are	forced	to	
conclude	that	a	bag	of	sand	is	liquid.	Likewise,	we	are	forced	to	conclude	that	a	soap	
bubble	is	solid	because	it	is	spherical	when	floating	in	the	air.	(Watch	the	video	“KP	
Mohanan:	Questioning	authority”	at	
	 https://www.youtube.com/watch?v=cIALHpLUGUs&t=735s)		
Yet,	we	judge	a	bag	of	salt	to	be	solid,	and	a	soap	bubble	to	be	liquid.				

Given	the	prohibition	of	logical	contradictions	in	academic	knowledge,	we	must	reject	
either	the	textbook	definitions	of	solid	and	liquid,	or	our	judgement	that	a	bag	of	sand	
is	solid	and	a	soap	bubble	is	liquid.			

	 TASK	1:	 What	is	your	choice?	

	 TASK	2:	 If	you	choose	to	maintain	your	judgement	of	‘solidness’	and	‘liquidness’,	
and		reject	the	textbook	definitions,	how	would	you	define	solid	substance	
and	liquid	substance?			

2.3	Axioms	and	Definitions	in	Mathematical	Proofs	
Here	are	two	learning	triggers	that	demonstrate	the	nature	of	mathematical	proofs	
mentioned	earlier:		

Trigger	A:	 Let	us	define	a	straight	line	from	A	to	B	as	the	shortest	path	between	A	
and	B.	Now,	Euclid	assumed	that	no	straight	line,	however	extended,	can	
meet	itself.	

	 TASK	1:	 Use	the	combination	of	this	definition	and	axiom	to	prove	that	no	two	
straight	lines	can	intersect	at	more	than	one	point.	

	 	 Now,	along	with	the	earlier	definition,	assume	a	non-Euclidean	axiom	that	
says	that	every	straight	line	when	extended	meets	itself.			

	 TASK	2:	 Use	this	axiom	to	prove	that	any	two	straight	lines	when	extended	
intersect	at	two	distinct	points.		

	

Trigger	B:	 Consider	triangle	ABC	with	AB	as	its	base.	Imagine	that	C	moves	towards	
AB	such	that	the	perpendicular	from	C	to	AB	gets	shorter	and	shorter,	and	
finally	C	lies	on	AB.	In	other	words,	AB	is	a	straight	line	with	C	on	it.	If	so,	
angle	ACB	is	a	straight	angle,	and	the	angles	CAB	and	CBA	are	zero.	Is	ABC	
still	a	triangle?	

	 TASK	1:	 Formulate	a	definition	of	‘triangle’	such	that	given	that	definition,	it	
follows	that	ABC	is	not	a	triangle.		

	 TASK	2:	 Formulate	another	definition	of	‘triangle’	such	that	given	that	
definition,	it	follows	that	ABC	is	a	triangle.		

These	learning	tasks	are	designed	to	bring	out	what	is	distinctive	about	mathematical	
proofs,	and	the	role	of	logical	contradictions	and	logical	consequences	in	these	proofs.	
They	also	illustrate	that	soundness	of	arguments	is	not	a	consideration	in	mathematics;	
what	is	relevant	is	the	legitimacy	of	rational	justification.		

Notice	that	the	essence	of	what	is	learnt	through	trigger	B	can	be	extended	to	domains	
outside	of	mathematics.	For	instance,	we	may	ask	students	to	construct	a	definition	of	
democracy	from	which	it	follows	that:	
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Monarchy	cannot	be	democratic,	and		
There	is	democracy	in	United	States.		

We	may	then	ask	students	to	construct	another	definition	of	democracy	from	which	it	
follows	that:		

Monarchy	can	be	democratic,	and		
There	is	very	little	democracy	in	United	States.	

What	learners	are	acquiring	through	such	triggers	is	a	transdisciplinary	ability,	not	the	
content	knowledge	in	any	particular	specialisation.		

2.4	The	Dome	of	the	Night	Sky			
This	learning	trigger	can	be	used	for	HOCC	in	school	and	undergraduate	education	alike.		

When	we	look	at	the	night	sky,	we	see	a	bright	disk	that	we	call	the	moon,	and	a	
number	of	bright	dots	that	we	call	stars	or	planets.	Imagine	a	group	of	teenagers	
looking	at	the	night	sky	10,000	years	ago.	They	would	have	at	least	two	
interpretations	for	what	they	saw	(and	what	we	see	too):		

	 Interpretation	1:	 Above	us	is	a	huge	dark	dome,	and	the	bright	objects	and	dots	are	
shining	objects	stuck	on	the	dome.		

	 Interpretation	2:	 Above	us	is	a	huge	dark	dome,	and	there	is	something	very	bright	
behind	the	dome.	The	bright	disk	and	dots	are	holes	in	the	dome,	
similar	to	holes	in	an	old	umbrella	held	up	against	the	sun.			

TASK:	 Restricting	your	self	to	the	data	available	to	the	teenagers	10,000	years	ago,	
how	would	we	choose	between	these	two	interpretations?		

Within	the	current	academic	community,	both	these	interpretations	would	be	judged	to	be	
false.	But	the	educational	goal	of	this	learning	trigger	is	(B),	not	(A).	It	seeks	to	help	the	
learner	develop	the	capacity	to	choose	between	two	theories	on	the	basis	of	evidence	and	
argumentation.	What	is	crucial	here	is	the	rational	justification	of	the	conclusion.			

2.5	A	Theory	of	Vision	
This	example	is	also	equally	appropriate	for	both	school	and	undergraduate	students.		

	 Empedocles	was	an	ancient	Greek	philosopher-scientist-thinker.	He,had	a	theory	of	
vision	that	held	that	we	are	able	to	see	things	because	something	from	our	eyes	(call	
it	‘vision	ray’)	goes	out	from	the	eyes	and	hits	the	object	that	we	are	looking	at.	
Current	science	rejects	Empedocles’s	theory.		

	 However,	it	would	still	be	worthwhile	to	try	to	develop	this	theory	to	see	what	it	
cannot	explain	or	what	incorrect	predictions	it	makes.		

	 TASK:	 Form	groups	of	five	or	six,	identify	what	observational	generalisations	we	
need	to	explain	in	a	theory	of	vision,	and	explain	them	using	Empedocles’s	
initial	idea,	adding	further	theoretical	ideas	if	necessary.		

Once	again,	it	is	obvious	that	the	educational	goal	of	this	learning	trigger	is	(B),	not	(A).			
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2.6	Compound	Eyes	and	Spiders		
Let	us	turn	to	another	example,	having	to	do	with	two	definitions	of	‘insect’,	given	below.	

Consider	the	following	definitions:	

	 DEF	1:		 Insects	are	creatures	with	compound	eyes.		
	 DEF	2:		 Insects	are	creatures	with	six	legs.		

Either	of	these	definitions	would	work.	If	we	pick	one	of	them	as	the	definition,	the	other	
would	be	an	observational	generalisation:	

	 DEF		1:		 Insects	are	creatures	with	compound	eyes.		
	 OBS	GEN:	Insects	have	six	legs.		

	 DEF	:			 Insects	are	creatures	with	six	legs.		
	 OBS	GEN:	Insects	have	compound	eyes.		

They	both	predict	the	following	correlation:		

	 CORRELATION:	 Creatures	that	have	compound	eyes	have	six	legs	and	vice	versa.		

Is	this	predicted	corelation	correct?		

In	a	classroom	context,	students	might	say	that	the	it	is	incorrect,	because	insects	are	not	
the	only	creatures	with	compound	eyes;	spiders	have	compound	eyes	too.	This	is	a	matter	
of	the	truth	of	the	observational	generalisations	on	the	basis	of	which	we	construct	
theories.	A	response	to	the	comment	would	be:	

	 If	it	turns	out	that	spiders	have	compound	eyes,		
	 then	DEF	1	leads	to	a	false	prediction,	and	must	therefore	be	rejected.		

At	this	point,	students	can	be	told	to	find	out	if	spiders	do	indeed	have	compound	eyes.		

As	it	happens,	spiders	vary	in	the	number	of	eyes	they	have:	no	eyes,	one	pair,	two	pairs,	
three	pairs,	and	so	on.	But	regardless	of	the	number,	they	are	not	compound	eyes.	(See	
https://en.wikipedia.org/wiki/Spider_vision	)		

Even	if	it	turned	out	that	spiders	do	have	compound	eyes,	the	value	of	the	learning	trigger	
remains	undiminished:	it	is	meant	to	help	students	understand	the	art	and	craft	of	theory	
construction.		

2.7	A	Geocentric	Theory	of	the	Solar	System			
Our	last	example	is	a	learning	trigger	on	the	construction	of	theories	of	the	solar	system.			

Task	1:	 Articulate	the	crucial	observational	generalisations	on:	
	 	 a.	 	the	daily	cycle	of	light	on	the	earth,		
	 	 b.	 	the	daily	cycle	of	temperature	on	the	earth,		
	 	 c.	 the	daily	cycle	of	shadows	on	the	earth	under	the	sun,		
	 	 d.	 the	daily	cycle	of	the	position	of	the	sun	in	the	sky,	
	 	 e.	 	the	yearly	cycle	of	the	duration	of	the	day,		
	 	 f.	 the	yearly	cycle	of	temperature	on	the	earth,		
	 	 g.	 the	yearly	cycle	of	shadows	on	the	earth,	and			
	 	 h.	 the	yearly	cycle	of	the	positions	of	sunrise	and	sunset.	

Task	2:	 Assume	that	the	earth	is	the	stationary	center	of	the	universe,	and	construct	a	
theory	to	explain	(1a-h).		
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Task	3:	 Assume	that	the	earth	revolves	around	the	sun	and	rotates	on	an	axis	
perpendicular	to	the	plane	of	the	revolution.	What	observational	
generalisation(s)	would	you	predict	that	make(s)	it	distinct	from	what	actually	
happens	now	on	earth?	

Task	4:	 Assume	that	the	earth	revolves	around	the	sun.	It	rotates	on	an	axis	that	is	tilted	
to	the	plane	of	revolution.	The	tilt	is	such	that	the	axis	of	rotation	passes	through	
a	point	on	a	perpendicular	to	the	plane	of	revolution	and	through	the	center	of	
the	sun.	What	observational	generalisation(s)	would	you	predict	from	this	
configuration	that	make(s)	it	distinct	from	what	actually	happens	now	on	earth?		

We	are	all	aware	that	the	idea	of	the	earth	as	a	stationary	center	of	the	universe	(position	
2)	yields	the	geocentric	theory	of	the	solar	system,	and	that	this	theory	is	rejected	in	
current	astronomy	in	favour	of	the	heliocentric	theory,	which	holds	that	the	earth	revolves	
around	the	sun	and	spins	on	an	axis	tilted	to	the	plane	of	revolution.	We	also	know	that	the	
ideas	in	(3)	and	(4)	are	false.		

Once	again,	the	aim	of	this	trigger	is	not	to	teach	the	truths	about	the	earth	and	the	sun,	but	
to	help	students	to	construct	and	evaluate	theories,	using	the	observational	generalisations	
on	the	earth	and	the	sky	as	practice	grounds.		

3	 Learning	Resources	with	More	Examples					
For	more	examples	that	illustrate	the	distinction	between	the	educational	goals	(A)	and	
(B),	we	would	point	the	reader	to	the	following	resources	that	aim	at	Higher-Order	
Cognition	using	domain	specific	information/data.				

“Constructing	Theories:	A	Case	Study	in	Geometry,	with	an	Excursion	into	Biology”	
(https://www.thinq.education/post/constructing-theories-a-case-study-in-
geometry-with-an-extension-to-biology)		

“A	Theory	of	Motion”	(https://www.thinq.education/post/a-theory-of-motion)		

The	geometry	textbook	illustrates	how	choices	among	alternative	axioms	and	alternative	
definitions	determine	what	is	true	and	what	is	false.	If	we	choose	the	axiom	that	no	
straight	line,	however	extended	on	both	sides,	can	ever	meet	itself,	we	can	derive	the	
textbook	theorem	that	the	sum	of	angles	in	a	triangle	is	two	right	angles	(Euclidean	
geometry).	If,	on	the	other	hand,	we	choose	the	axiom	that	every	straight	line,	when	
extended,	meets	itself,	we	derive	the	spherical	geometry	theorem	that	the	sum	of	angles	in	
a	triangle	is	more	than	two	right	angles,	and	can	be	up	to	three	right	angles.	Similar	
remarks	can	be	made	about	definitions	as	well.	“Which	of	these	axioms	and	definitions	is	
‘true’?”	is	a	meaningless	question.	What	matters	in	mathematical	proofs	is	the	rationality	of	
the	way	conclusions	are	arrived	at	from	the	premises.			

The	textbook	on	the	theory	of	motion	takes	this	approach	of	focusing	on	rationality	in	the	
justification	of	the	conclusions	and	extends	it	to	the	construction	of	a	theory	of	motion.	It	
begins	with	the	pre-Galilean	ideas	of	motion,	including	collision,	lever,	and	so	on,	and	leads	
up	to	Galileo’s	theory	of	the	pendulum.	What	the	learners	construct	through	this	textbook	
is	clearly	not	the	same	as	what	they	learn	as	‘true’	theories	in	a	physics	classroom,	but	that	
does	not	matter.	For	the	purposes	of	a	course	that	aims	at	HOC,	what	matters	is	the	
experience	of	constructing	a	theory,	in	this	case	using	ancient	ideas	of	motion.		

This	approach	is	pursued	in	our	textbooks	(in	progress)	on	constructing	theories	of	
substances	(chemistry)	and	of	digestion	(human	biology).	Like	the	book	on	motion,	they	
teach	the	learners	how	to	construct	theories	using	the	ideas	and	data	available	during	
ancient	times,	without	using	the	concepts	of	atoms	and	molecules,	and	without	the	data	
from	modern	instruments	such	as	microscopes	and	x-rays.		
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These	textbooks	can	be	supplemented	by	the	following	videos:		
“The	Art	and	Craft	of	Constructing	and	Evaluating	Theories”		
	 https://www.thinq.education/post/the-art-and-craft-of-constructing-and-

evaluating-theories	
“Enhancing	Academic	Intelligence:	An	Interview”		

https://www.thinq.education/post/enhancing-academic-intelligence-
interview	

We	hope	that	this	discussion	of	the	distinction	between	the	two	educational	goals	(A)	and	
(B),	along	with	the	examples	in	Section	2,	would	help	faculty	members	of	universities	to	
see	what	the	strand	of	education	that	aims	at	HOC	can	achieve,	explore	the	means	to	
achieve	those	aims;	to	see	what	is	unique	about	this	enterprise;	and	even	attract	them	to	
design	courses	to	help	the	young	develop	HOC	capacities.		

ANNEXURE	1	

Clarification	on	Terminology		
NAAC	2022	recommends	HOCC	in	the	context	of	both	General	Education	and	Specialised	
Education.	The	distinction	between	these	two	types	of	education	is	likely	to	cause	
confusion,	especially	because	of	the		lack	of	clarity	in	some	of	terms	used,	including	the	
concepts	of	verticals,	MU,	TU,	and	RU	in	NEP	2020.	Before	we	proceed,		therefore,	it	would	
be	useful	to	clarify	the	meanings	of	these	terms,	in	order	to	pre-empt	breakdown	of	
communication,	and	avoid	talking	at	cross	purposes.		

VERTICALS:	 The	term	‘vertical’	is	used	to	mean	‘administrative	unit’	in	business	
management.	A	vertical	is	a	structure	of	units	and	sub-units,	in	contrast	to	a	
horizontal,	which	is	a	structure	in	which	no	unit	is	a	sub-unit	of	another.	Thus,	the	
terms	particle,	atom,	molecule,	and	crystal	form	a	vertical	in	the	physical	sciences,	
because	molecules	are	sub-units	of	crystals,	atoms	are	sub-units	of	molecules,	and	
particles	are	sub-units	of	atoms.	In	contrast,	the	terms	hydrogen	atom,	oxygen	atom,	
helium	atom,	and	carbon	atom	are	horizontals	because		none	of	them	is	a	sub-unit	of	
another.	In	this	sense,	the	units	university,	school/faculty,	and	department	in	the	
structure	of	a	university	form	a	vertical	structure,	while	the	departments	of,	
Mathematics,	Physics,	Chemistry,	Biology,	Philosophy,	History,	English,	and	so	on	
form	a	horizontal	structure.			

SUBJECT	OF	STUDY:	 	an	area	that	students	can	specialise	in.	This	would	include	fields	such	
as	cellular	biology,	drosophila	studies,	American	studies,	marketing,	Whitehead’s	
metaphysics,	human	geography,	physical	geography,	human	biology,	insect	society,	
and	so	on.		

DISCIPLINE:	 a	field	of	inquiry	that	a	collective	of	researchers	focus	on.	It	is	characterised	
by	shared	fundamental	questions	they	ask,	the	ways	of	looking	for	and	establishing	
answers,	and	a	shared	body	of	knowledge.	A	discipline-specific	approach	to	education	
provides	the	understanding	and	abilities	needed	for	specialisation	in	a	given	
discipline.	Thus,	a	course	called	Introduction	to	Physics	may	teach	the	concepts	of	
field,	force,	and	motion	as	change	of	location.	But	it	may	not	connect	these	concepts	to	
the	concepts	of	change,	force,	and	field	in	other	disciplines	like	biology	or	sociology.		

INTERDISCIPLINARY:		an	area	of	investigation	at	the	intersection	between	two	disciplines.	
Hybrid	disciplines	like	physical	chemistry,	biochemistry,	educational	neuroscience,	
mathematical	biology,	sociobiology,	mathematical	linguistics,	sociolinguistics,	
neurolinguistics,	and	neuropsychology	are	familiar	examples.			
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MULTIDISCIPLINARY:		an	approach	to	learning	or	research	that	involves	the	investigation	of	
a	problem	or	question	from	the	vantage	point	(knowledge	and	methodologies)	of	
multiple	disciplines.	The	investigation	of	health	and	illness	(Medicine),	for	instance,	is	
a	multidisciplinary	pursuit	because	it	requires	bringing	together	the	understanding	
and	abilities	from	chemistry,	life	sciences,	neuroscience,	psychology,	and	linguistics	
(e.g.,	for	language	pathology).	Civil	engineering	is	multidisciplinary	in	that	it	combines	
applied	mathematics,	applied	physics,	and	design.	Research	on	protein	folding	is	
multidisciplinary	because	it	needs	to	draw	upon	resources	from	mathematics,	
computer	science,	physics,	chemistry,	and	biology.	Education	is	multidisciplinary	in	
that	it	draws	upon	neuroscience,	cognitive	science,	developmental	psychology,		
sociology,	linguistics,	and	philosophy.		

TRANSDISCIPLINARY:		an	approach	to	education	and	research	built	on	(a)	concepts	of	
knowledge	and	inquiry	that	span	across	disciplinary	boundaries,	and	(b)	abilities	
needed	for	constructing	knowledge	and	evaluating	knowledge	claims	(inquiry	and	
critical	thinking),	again,	across		disciplinary	boundaries.	These	concepts	and	abilities	
are	not	located	in	any	particular	discipline,	but	are	found	to	be	relevant	to	all	
disciplines.	(See	Section	3	below	for	details.)	

COMPREHENSIVE	UNIVERSITY:	a	university	that	offers	programs	that	cover	all	branches	of	
academic	knowledge:	medicine,	law,	management,	engineering,	mathematics,	pure	
sciences,	applied	sciences,	humanities,	languages,	and	so	on.	Such	a	university	would	
have	a	large	number	of	departments,	one	for	each	branch	of	knowledge.	In	contrast,	
the	curriculum	for	a	specialised	institute	(e.g.,	IIMs,	IITs,	IISERs,		National	and	
Regional	Institutes	of	Education,	National	Law	Schools)	is	restricted	to	spacial	areas,	
and	is	not	comprehensive.		 	

GENERAL	EDUCATION:		The	NAAC	white	paper	views	educatedness	as	a	quality	of	mind:			
	“Regardless	of	specialization	and	career	paths,	we	expect	all	individuals	with	
Bachelor’s	degrees	to	have	certain	forms	of	understanding,	skills,	abilities,	and	habits	
of	mind,	there-by	defining	the	concept	of	educatedness	as	distinct	from	degrees	and	
certificates.”	(p.	3)	

	 As	the	white	paper	sees	it,	General	Education	(GE)	is	a	strand	in	the	curriculum	that	is	
transdisciplinary	and	comprehensive,	and	aims	at	educatedness.			

LIBERAL	EDUCATION:		The	term	‘liberal	education’	may	mean	either	“a	degree	program	that	
covers	a	wide	range	of	disciplines,”	or	“a	degree	program	that	covers	the	humanities,	
social	sciences,	and	management.”		

	 We	will	use	the	term	Liberal	Education	to	mean	a	form	of	education	that	aims	at	
educatedness.	In	this	sense,	its	meaning	is	the	same	as	an	integrated	GE	program.		

The	NAAC	white	paper	recommends	incorporating	a	strand	that	aims	at	HOCC	in	both	
General	Education	and	Specialised	Education	curricula.	When	the	issue	of	transdisciplinary	
HOCC	in	university	curricula	is	raised,	a	frequent	response	from	many	quarters	is:	“Yes,	of	
course.	And	we	are	already	doing	it.”	One	reason	for	such	a	response	is	a	lack	of	clarity	in	
the	distinction	between	‘interdisciplinary	pursuits’	and	‘HOCC’.		

If	a	university	offers	a	large	basket	of	interdisciplinary	courses	(indicated	by	titles	such	as	
‘Mathematics	for	Managers,’	‘Science	and	Philosophy,’	‘Genes,	Neuroscience,	and	Free	Will,’	
‘Education	and	Cognitive	Science,’	‘Leadership	and	Complex	Adaptive	Systems,’),	it	creates	
a	sense	of	multidisciplinary	or	transdisciplinary	integration.	The	presence	of	terms	like		
‘critical	thinking’,	‘inquiry’,	and	‘reasoning’	in	a	university’s	vision-and-mission	statements	
and	course	descriptions	may	also	create	the	feeling	that	the	university	is	engaging	in	HOCC.		

For	effective	incorporation	of	HOCC	in	a	university’s	curricula,	it	is	imperative	that	we	
understand	the	educational	goals	of	HOCC,	and	the	pedagogical	means	to	achieve	them.	

	


