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 This	study	aims	to	construct	and	evaluate	an	optimal	portfolio	of	mining	sector	stocks	
listed	on	the	Indonesia	Stock	Exchange	(IDX)	using	the	Markowitz	mean-variance	model.	
The	 research	 addresses	 the	 need	 for	 investors	 to	maximize	 returns	while	minimizing	
portfolio	risk,	particularly	in	the	volatile	mining	industry.	Secondary	data	were	obtained	
from	the	annual	reports	and	historical	stock	prices	of	mining	companies	listed	on	the	IDX	
between	2021	and	2023.	A	purposive	sampling	technique	was	employed	to	select	nine	
companies	 that	 consistently	 published	 audited	 financial	 statements	 and	 had	 adequate	
trading	 activity	 during	 the	 study	 period.	 Data	 analysis	 involved	 calculating	 expected	
returns,	variances,	and	covariances	to	determine	the	optimal	weight	of	each	stock,	with	
Microsoft	Excel	serving	as	the	primary	computational	tool.	The	findings	reveal	that	the	
constructed	optimal	portfolio	consists	of	nine	mining	stocks	with	varying	positive	and	
negative	weights,	resulting	in	a	portfolio	expected	return	of	0.66	and	a	standard	deviation	
of	0.22.	These	results	outperform	an	equally	weighted	portfolio	of	the	same	stocks,	which	
produced	 a	 lower	 expected	 return	 of	 0.21	 and	 a	 higher	 risk	 level	 of	 0.29.	 This	 study	
confirms	the	effectiveness	of	the	Markowitz	model	in	improving	the	risk-return	trade-off.	
The	results	provide	valuable	insights	for	investors,	portfolio	managers,	and	policymakers	
seeking	evidence-based	strategies	for	optimizing	investments	in	the	mining	sector.	

	

1. Introduction 
The	capital	market	plays	a	pivotal	role	in	

mobilizing	 public	 funds	 and	 channeling	 them	
into	 productive	 investments,	 ultimately	
supporting	national	economic	development.	As	
one	 of	 the	 main	 financial	 infrastructures	 in	
Indonesia,	the	Indonesia	Stock	Exchange	(IDX)	
serves	 as	 a	 marketplace	 where	 securities	
transactions	connect	companies	seeking	capital	
with	 investors	 searching	 for	 investment	
opportunities.	 According	 to	 Irfani	 and	 Anhar	
(2019),	 the	 capital	 market	 acts	 not	 only	 as	 a	
funding	source	but	also	as	a	facilitator,	bridging	
buyers	 and	 sellers	 of	 securities	 to	 create	
liquidity	 and	 price	 discovery.	 In	 this	 context,	
reliable	 and	 transparent	 financial	 reporting	
becomes	 crucial,	 as	 it	 provides	 investors	with	
the	 information	 necessary	 to	 make	 informed	
decisions.	 As	 noted	 by	 Darmadi	 (2020),	
financial	statements	offer	a	general	overview	of	
a	 company’s	 economic	 activities,	 including	
transactions	 that	 affect	 its	 financial	 position,	
performance,	and	cash	flows.	To	be	considered	
useful,	 financial	 information	 must	 meet	 the	
qualitative	characteristics	of	relevance,	faithful	

representation,	 comparability,	 verifiability,	
timeliness,	and	understandability,	as	prescribed	
by	international	accounting	standards.	

Recent	 trends	 indicate	 a	 remarkable	
increase	 in	 participation	 in	 the	 Indonesian	
capital	 market,	 especially	 among	 millennials	
and	Generation	Z	investors.	This	phenomenon	is	
largely	 driven	 by	 improvements	 in	 financial	
literacy	and	 the	 rapid	diffusion	of	 information	
through	social	media	platforms.	In	addition,	the	
growing	 availability	 of	 user-friendly	 digital	
investment	 applications	 has	 significantly	
reduced	 barriers	 to	 entry	 for	 new	 investors.	
Data	 from	 the	 Indonesian	 Central	 Securities	
Depository	 (KSEI)	 shows	 that	 the	 majority	 of	
stock	investors	in	Indonesia	are	below	the	age	
of	30,	 and	 the	 total	number	of	 stock	 investors	
has	 continued	 to	 grow	 at	 a	 rapid	 pace.	 As	 of	
January	 2024,	 the	 number	 of	 registered	 stock	
investors	had	reached	5.3	million,	a	figure	that	
represents	a	 substantial	 increase	 compared	 to	
previous	 years.	 This	 trend	 underscores	 the	
growing	relevance	of	equity	investments	as	an	
avenue	 for	 wealth	 accumulation	 among	
younger	generations.	
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The	proliferation	of	digital	platforms	has	
also	 transformed	 investment	 behavior	 by	
making	stock	trading	more	accessible	and	real-
time.	Prasetyo	and	Yuniati	(2020)	argue	that	the	
integration	of	technology	into	financial	services	
has	democratized	access	to	the	capital	market,	
enabling	 retail	 investors	 to	 participate	
alongside	 institutional	 investors.	However,	 the	
rise	 of	 new	 investors	 also	 brings	 challenges,	
particularly	 in	 the	 area	 of	 risk	 management.	
Stock	 market	 investments	 inherently	 carry	
volatility,	 and	 inexperienced	 investors	may	be	
prone	 to	 speculative	 trading	 or	 emotional	
decision-making,	which	can	lead	to	suboptimal	
outcomes.	 Rahmi	 (2023)	 emphasizes	 that	
investors	must	conduct	a	thorough	assessment	
of	 a	 company’s	 financial	 performance,	 growth	
prospects,	 and	 risk	 factors	 before	 committing	
their	funds.	This	assessment	is	crucial	in	order	
to	minimize	 potential	 losses	 and	 optimize	 the	
risk-return	trade-off.	

One	 of	 the	 most	 widely	 recommended	
strategies	 for	 managing	 investment	 risk	 is	
diversification.	 Diversification	 involves	
allocating	 funds	 across	 different	 assets,	
industries,	 or	 securities	 to	 reduce	exposure	 to	
any	 single	 risk	 factor.	 According	 to	 Sasmita	
(2022),	 diversification	 mitigates	 the	 negative	
impact	of	price	fluctuations	in	individual	stocks,	
thereby	 stabilizing	 portfolio	 returns.	 By	
spreading	 investments	 across	 multiple	
securities,	 investors	 can	 take	advantage	of	 the	
fact	 that	not	all	asset	prices	move	 in	 the	same	
direction	 simultaneously.	 This	 principle	 is	
fundamental	in	modern	portfolio	theory,	which	
asserts	 that	 a	 well-diversified	 portfolio	 can	
achieve	a	more	favorable	balance	between	risk	
and	 return	 compared	 to	 holding	 a	 single	
security	or	a	poorly	diversified	set	of	assets.	

A	well-known	approach	to	constructing	a	
diversified	 portfolio	 is	 the	 Markowitz	 mean-
variance	model,	which	was	 first	 introduced	by	
Harry	Markowitz	in	1952.	The	model	provides	a	
mathematical	framework	for	portfolio	selection	
by	 optimizing	 the	 trade-off	 between	 expected	
return	and	total	risk,	measured	by	variance	or	
standard	 deviation	 of	 returns	 (Becker	 et	 al.,	
2010).	 The	 central	 idea	 is	 that	 investors	 are	

risk-averse	and	will	only	accept	higher	risk	if	it	
is	compensated	by	higher	expected	returns.	By	
combining	assets	with	varying	levels	of	risk	and	
correlation,	 the	 model	 identifies	 the	 “efficient	
frontier,”	 which	 represents	 a	 set	 of	 portfolios	
that	 provide	 the	 maximum	 possible	 expected	
return	 for	 a	 given	 level	 of	 risk.	 Ticoh	 (2010)	
asserts	that	the	optimal	portfolio	is	chosen	from	
among	 these	 efficient	 portfolios,	 enabling	
investors	 to	 maximize	 their	 expected	 utility	
based	on	their	risk	preferences.	

The	 Markowitz	 model	 has	 been	 widely	
applied	 in	 academic	 research	 and	 practical	
investment	 decision-making	 due	 to	 its	
effectiveness	 in	 producing	 efficient	 portfolios.	
Supriyadi	 and	 Hadmar	 (2009)	 report	 that	
portfolios	 constructed	 using	 this	 model	
generally	yield	positive	expected	returns	and	a	
well-balanced	risk	profile.	The	key	determinant	
in	 forming	 an	 optimal	 portfolio	 lies	 in	 the	
calculation	of	the	weight	or	proportion	assigned	
to	 each	 selected	 stock.	 Accurate	 weight	
determination	 ensures	 that	 the	 resulting	
portfolio	 achieves	 the	 desired	 level	 of	 risk-
adjusted	 performance.	 In	 this	 context,	 the	
model	provides	investors	with	a	systematic	and	
quantitative	 tool	 to	 evaluate	 different	
combinations	of	securities	and	select	those	that	
are	 most	 consistent	 with	 their	 investment	
objectives.	

Despite	 its	 advantages,	 many	 retail	
investors	 in	 Indonesia	 still	 rely	 on	 naïve	
diversification	 strategies,	 such	 as	 allocating	
equal	amounts	of	capital	to	each	chosen	stock,	
regardless	 of	 their	 risk	 or	 correlation	
characteristics.	 While	 such	 an	 approach	 may	
provide	 some	 level	 of	 diversification,	 it	 is	
generally	 less	 efficient	 compared	 to	 an	
optimized	portfolio.	This	creates	a	research	gap:	
there	is	a	need	to	demonstrate	empirically	how	
the	 application	 of	 the	 Markowitz	 model	 can	
improve	 portfolio	 outcomes	 for	 Indonesian	
investors,	particularly	in	specific	sectors	such	as	
mining.	The	mining	sector	is	a	key	contributor	
to	Indonesia’s	economy	and	is	characterized	by	
cyclical	 performance,	 commodity	 price	
volatility,	 and	 global	 demand	 fluctuations.	
These	characteristics	make	it	an	ideal	case	study	
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for	 examining	 how	 portfolio	 optimization	 can	
enhance	returns	while	managing	sector-specific	
risks.	

Given	this	background,	the	present	study	
aims	 to	 construct	 an	 optimal	 stock	 portfolio	
using	the	Markowitz	mean-variance	model	with	
a	focus	on	mining	industry	companies	listed	on	
the	 Indonesia	 Stock	 Exchange.	 By	 analyzing	
historical	financial	data	from	2021	to	2023,	this	
study	 seeks	 to	 identify	 the	 combination	 of	
mining	 sector	 stocks	 that	maximizes	 expected	
return	while	minimizing	risk.	The	 findings	are	
expected	 to	 provide	 practical	 insights	 for	
individual	 investors,	 portfolio	 managers,	 and	
policymakers	on	how	quantitative	methods	can	
be	 applied	 to	 improve	 investment	 decision-
making	 and	 support	 more	 informed	
participation	 in	 the	 capital	 market.	 Moreover,	
this	 research	 contributes	 to	 the	 academic	
literature	by	offering	empirical	evidence	on	the	
effectiveness	 of	 the	 Markowitz	 model	 in	 the	
Indonesian	 context,	 where	 the	 demographic	
composition	 of	 investors	 is	 rapidly	 evolving	
toward	 younger,	 more	 digitally	 savvy	
participants.	

 
2. Literature Review  

The	 literature	 review	 provides	 the	
theoretical	 foundation	 and	 empirical	
background	 that	 support	 this	 study	 on	
constructing	 an	 optimal	 portfolio	 using	 the	
Markowitz	Model	for	mining	sector	companies	
listed	 on	 the	 Indonesia	 Stock	 Exchange	 (IDX).	
This	 section	 discusses	 the	 concepts	 of	
investment,	 shares,	 financial	 ratio	 analysis,	
portfolio	 theory,	 and	 the	 Markowitz	 Model,	
while	 also	 reviewing	 prior	 studies	 relevant	 to	
portfolio	optimization	in	emerging	markets.	
	
2.1	Investment	

Investment	is	a	fundamental	concept	in	
finance	 and	 economics,	 referring	 to	 the	
allocation	of	resources,	particularly	funds,	with	
the	 expectation	 of	 generating	 future	 returns.	
Eduardus	 (2010)	 defines	 investment	 as	 a	
commitment	of	money	or	other	resources	made	
in	the	present	with	the	expectation	of	obtaining	
benefits	 in	 the	 future.	 The	 purpose	 of	

investment	 is	 to	 maximize	 wealth,	 preserve	
purchasing	 power,	 and	 achieve	 specific	
financial	goals	over	time.	

In	practice,	investment	decisions	involve	a	
trade-off	between	risk	and	return.	Risk	refers	to	
the	uncertainty	regarding	the	actual	return	that	
will	 be	 realized,	 while	 return	 represents	 the	
gain	or	loss	generated	by	an	investment	relative	
to	 its	 cost.	 Efficient	 investment	 decisions	
require	 careful	 assessment	 of	 both	 expected	
returns	 and	 associated	 risks.	 As	 argued	 by	
Bodie,	 Kane,	 and	 Marcus	 (2018),	 rational	
investors	aim	to	select	portfolios	that	offer	the	
highest	expected	return	for	a	given	level	of	risk	
or	the	lowest	risk	for	a	given	level	of	expected	
return.	

Investment	 opportunities	 are	 generally	
divided	 into	 real	 assets—such	 as	 property,	
gold,	 and	 commodities—and	 financial	 assets,	
which	 include	 instruments	 like	 stocks,	 bonds,	
and	mutual	 funds	(Tandelilin,	2017).	Financial	
assets,	 particularly	 stocks,	 are	 attractive	 for	
investors	 seeking	 long-term	 capital	
appreciation.	However,	 they	also	carry	market	
risk,	 price	 volatility,	 and	 sensitivity	 to	
macroeconomic	 conditions.	 Consequently,	
portfolio	theory	emphasizes	diversification	as	a	
means	to	reduce	unsystematic	risk	and	improve	
overall	risk-adjusted	performance.	

For	 investors	 in	 the	 Indonesian	 capital	
market,	particularly	millennials	and	Generation	
Z	 who	 have	 become	 increasingly	 active	
participants	 (KSEI,	 2024),	 understanding	
investment	 fundamentals	 is	 crucial.	 The	
democratization	 of	 stock	market	 participation	
through	 online	 trading	 platforms	 has	 lowered	
entry	 barriers,	 but	 it	 also	 requires	 robust	
decision-making	 frameworks	 to	 avoid	
speculative	behavior	and	excessive	exposure	to	
risk.	 This	 study	 responds	 to	 this	 need	 by	
applying	 a	 quantitative	 and	 systematic	
approach—namely,	 the	 Markowitz	 Model—to	
guide	 investment	 allocation	 decisions	 in	 the	
mining	sector.	

	
2.2	Shares	

Shares,	also	known	as	stocks	or	equity	
securities,	 represent	ownership	 in	 a	 company.	
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Each	 share	 entitles	 the	 holder	 to	 a	
proportionate	 claim	 on	 the	 company’s	 assets	
and	earnings,	 as	well	 as	 certain	 rights	 such	as	
voting	 at	 general	 meetings	 and	 receiving	
dividends	(Prabowo,	2020).	Shares	are	typically	
classified	 into	 common	 stock,	 which	 provides	
voting	 rights	 and	 variable	 dividends,	 and	
preferred	 stock,	 which	 offers	 fixed	 dividends	
but	usually	lacks	voting	rights.	

In	the	context	of	portfolio	construction,	
shares	 are	 the	 primary	 component	 of	 equity	
portfolios	 due	 to	 their	 potential	 for	 long-term	
capital	gains.	The	value	of	a	share	is	determined	
by	market	forces—demand	and	supply—as	well	
as	 the	 company’s	 fundamental	 performance,	
including	 profitability,	 growth	 prospects,	 and	
dividend	policy	(Damodaran,	2012).	According	
to	Fabozzi	(2020),	the	volatility	of	share	prices	
creates	 both	 opportunities	 and	 risks	 for	
investors,	 underscoring	 the	 need	 for	 risk	
management	strategies.	

The	mining	sector	 in	 Indonesia	plays	a	
strategic	 role	 in	 the	 national	 economy,	
contributing	 significantly	 to	 exports,	
employment,	 and	 industrial	 growth	 (BPS,	
2023).	Mining	company	stocks	are	particularly	
sensitive	 to	 global	 commodity	 price	
fluctuations,	 government	 regulations,	 and	
environmental	 considerations.	 Therefore,	
analyzing	 mining	 shares	 within	 a	 portfolio	
optimization	 framework	 provides	 an	
opportunity	 to	 generate	 returns	 while	
managing	sector-specific	risks.	
	
2.3	Financial	Ratio	Analysis	

Financial	ratio	analysis	is	a	widely	used	
tool	for	evaluating	a	company’s	financial	health	
and	 performance.	 It	 involves	 calculating	 and	
interpreting	quantitative	relationships	between	
items	 in	 the	 financial	 statements,	 particularly	
the	 balance	 sheet	 and	 income	 statement	
(Foedirman	 &	 Susilawati,	 2020).	 Commonly	
used	financial	ratios	include:	
1. Liquidity	Ratios	 (e.g.,	Current	Ratio,	Quick	
Ratio)	 assessing	 the	 firm’s	 ability	 to	 meet	
short-term	obligations.	

2. Profitability	Ratios	(e.g.,	Return	on	Assets,	
Return	 on	 Equity,	 Net	 Profit	 Margin)	

measuring	 the	 company’s	 efficiency	 in	
generating	profit	from	its	resources.	

3. Leverage	Ratios	(e.g.,	Debt-to-Equity	Ratio)		
indicating	 the	 level	 of	 financial	 risk	 and	
capital	structure	composition.	

4. Activity	 Ratios	 (e.g.,	 Inventory	 Turnover,	
Asset	 Turnover)	 evaluating	 operational	
efficiency.	

5. Market	Ratios	(e.g.,	Price-to-Earnings	Ratio,	
Dividend	 Yield)	 reflecting	 investor	
expectations	and	market	valuation.	

In	 portfolio	 selection,	 financial	 ratio	
analysis	helps	investors	screen	stocks	based	on	
their	 fundamental	 strength.	 Studies	 such	 as	
Hartono	 (2019)	 have	 shown	 that	 companies	
with	 strong	 fundamentals	 tend	 to	 outperform	
the	 market	 over	 the	 long	 term,	 making	 ratio	
analysis	 an	 important	 step	 before	 applying	
quantitative	models	like	Markowitz.	
	
2.4	Portfolio	Theory	

A	portfolio	 is	defined	as	a	collection	of	
investment	 assets	 owned	 by	 an	 individual	 or	
institutional	investor.	Portfolio	formation	aims	
to	 achieve	 optimal	 diversification,	 which	
reduces	 risk	 by	 spreading	 investments	 across	
different	assets	or	sectors	(Chasanah	&	Kiswara,	
2017).	 According	 to	 modern	 portfolio	 theory	
(MPT),	 pioneered	 by	 Markowitz	 (1952),	
investors	 should	 focus	on	 the	 expected	 return	
and	 variance	 (or	 standard	 deviation)	 of	
portfolio	 returns,	 as	 well	 as	 the	 correlation	
between	assets.	

Diversification	 allows	 investors	 to	
minimize	unsystematic	risk	the	risk	specific	to	
a	company	or	industry	while	retaining	exposure	
to	systematic	 risk,	which	 is	market-wide	and	
cannot	 be	 diversified	 away.	 The	 efficient	
frontier	 concept	 describes	 the	 set	 of	 optimal	
portfolios	 that	 offer	 the	 maximum	 expected	
return	for	a	given	level	of	risk.	Investors	select	a	
portfolio	 from	 this	 frontier	 based	 on	 their	
individual	risk	tolerance	(Sharpe,	1994).	

Portfolio	 management	 in	 emerging	
markets	 like	Indonesia	faces	challenges	due	to	
higher	volatility,	 lower	 liquidity,	and	exposure	
to	macroeconomic	shocks.	Nonetheless,	studies	
such	 as	 Haryanto	 (2021)	 demonstrate	 that	
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applying	portfolio	optimization	techniques	can	
significantly	 improve	 risk-adjusted	
performance	compared	to	naive	diversification	
strategies	(e.g.,	equally	weighted	portfolios).	
	
2.5	The	Markowitz	Model	

The	 Markowitz	 Model,	 also	 known	 as	
the	mean-variance	 model,	 is	 a	 foundational	
framework	 in	 portfolio	 theory	 that	 formalizes	
the	process	of	selecting	an	optimal	combination	
of	 assets.	 Developed	 by	 Harry	 Markowitz	
(1952),	 the	 model	 considers	 three	 key	
parameters:	
1. Expected	 Return	 (μp):	 The	 weighted	

average	 of	 expected	 returns	 of	 the	
individual	assets	in	the	portfolio.	

2. Variance	or	Risk	(σ²p):	A	measure	of	 the	
dispersion	 of	 portfolio	 returns,	 capturing	
total	portfolio	risk.	

3. Covariance/Correlation:	 The	 degree	 to	
which	returns	on	two	assets	move	together,	
which	affects	the	benefit	of	diversification.	

The	model’s	strength	lies	in	its	ability	to	
generate	 an	 efficient	 frontier	 of	 portfolios,	
allowing	 investors	 to	 make	 informed	 choices	
based	 on	 their	 risk-return	 preferences.	
Subsequent	 research,	 including	 Becker	 et	 al.	
(2010)	 and	 Supriyadi	 &	 Hadmar	 (2009),	
confirms	 that	 the	 Markowitz	 approach	 can	
produce	efficient	portfolios	with	superior	risk-
adjusted	 returns	 compared	 to	 heuristic	
methods.	

However,	 practical	 implementation	
faces	 challenges	 such	 as	 estimation	 errors	 in	
expected	 returns	 and	 covariance	 matrices,	
which	 may	 lead	 to	 suboptimal	 allocations	
(Michaud,	 1989).	 To	 address	 this,	 researchers	
have	 developed	 extensions	 such	 as	 the	 Black-
Litterman	 model	 and	 robust	 optimization	
techniques.	 Nonetheless,	 the	 classical	
Markowitz	 model	 remains	 widely	 used	 in	
academic	 studies	 and	 investment	practice	due	
to	its	conceptual	clarity	and	mathematical	rigor.	
	
2.6	Synthesis	and	Research	Gap	

The	 reviewed	 literature	 underscores	
several	key	insights.	First,	investment	decision-
making	 is	 inherently	 tied	 to	 the	 trade-off	

between	 risk	 and	 return,	 making	 portfolio	
diversification	 a	 critical	 strategy	 for	 risk	
management.	 Second,	 shares	 are	 a	 principal	
vehicle	 for	 wealth	 creation,	 particularly	 in	
growing	 economies	 such	 as	 Indonesia,	 where	
stock	market	participation	is	expanding	rapidly	
among	 younger	 generations.	 Third,	 financial	
ratio	analysis	provides	an	essential	foundation	
for	 screening	 fundamentally	 sound	 companies	
before	including	them	in	a	portfolio.	Finally,	the	
Markowitz	 Model	 offers	 a	 systematic	
framework	 for	 constructing	 portfolios	 that	
optimize	risk-return	profiles.	

Despite	 extensive	 research	 on	 portfolio	
optimization,	 there	 is	 limited	 empirical	
evidence	focusing	specifically	on	the	Indonesian	
mining	sector,	which	is	characterized	by	cyclical	
price	 patterns	 and	 exposure	 to	 global	
commodity	markets.	This	study	addresses	this	
gap	by	applying	 the	Markowitz	mean-variance	
model	to	a	selected	sample	of	mining	companies	
listed	on	the	IDX	for	the	2021–2023	period.	By	
comparing	 the	 performance	 of	 the	 optimized	
portfolio	 to	an	equally	weighted	portfolio,	 this	
research	 contributes	 to	 both	 academic	
literature	 and	 practical	 investment	 decision-
making	 by	 demonstrating	 the	 effectiveness	 of	
quantitative	 optimization	 techniques	 in	 an	
emerging	market	context.	

	
3. Research Methods  
3.1	Research	Design	

This	 study	 employed	 a	 descriptive	
quantitative	 research	 design,	 which	 is	
appropriate	 for	 analyzing	 historical	 data	 and	
describing	 the	 characteristics	 of	 optimal	
portfolio	 formation	 without	 manipulating	
research	 variables.	 The	 descriptive	 approach	
enables	 a	 systematic	 evaluation	 of	 risk-return	
relationships	 in	mining	 sector	 stocks	 listed	on	
the	Indonesia	Stock	Exchange	(IDX).	

The	Markowitz	mean-variance	model	
was	applied	to	determine	the	optimal	portfolio	
composition.	 This	 model	 is	 widely	 used	 in	
modern	portfolio	theory	as	it	enables	investors	
to	 make	 decisions	 based	 on	 expected	 returns	
and	 associated	 risks	 (variance),	 while	
considering	 the	 covariance	 between	 asset	
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returns	(Markowitz,	1952;	Brigham	&	Houston,	
2016).	The	model	provides	a	robust	framework	
to	either	maximize	portfolio	returns	for	a	given	
risk	level	or	minimize	portfolio	risk	for	a	desired	
level	of	return.	

The	selection	of	 this	model	aligns	with	
the	 objective	 of	 this	 study:	 to	 provide	 an	
evidence-based	 and	 data-driven	 approach	 to	
constructing	efficient	portfolios	for	investors	in	
the	Indonesian	mining	sector.	The	methodology	
ensures	 reproducibility,	 objectivity,	 and	
reliability	 of	 results	 in	 accordance	 with	
empirical	finance	research	standards.	
	
3.2	Population	and	Sample	

The	 population	 of	 this	 research	
consists	 of	 all	mining	 companies	 listed	 on	 the	
IDX	 as	 of	 2023,	 totaling	 49	 companies.	 The	
sample	 was	 selected	 using	 purposive	
sampling,	 a	 non-probability	 sampling	
technique	 that	 allows	 researchers	 to	
deliberately	 choose	 companies	 that	 meet	
predefined	 inclusion	 criteria,	 ensuring	
relevance	 and	 accuracy	 of	 results	 (Sekaran	 &	
Bougie,	2019).	

The	 sample	 selection	 criteria	 are	 as	
follows:	
1. Companies	must	have	been	continuously	

listed	on	the	IDX	during	2021–2023.	
2. Companies	 must	 not	 have	 been	 delisted	

during	the	observation	period.	
3. Companies	must	have	complete	financial	

and	price	data	for	all	variables	included	in	
the	study.	

4. Companies	 must	 have	 reported	 positive	
net	 income	 for	 each	 year	 during	 the	
observation	period	(2021–2023),	ensuring	
that	 portfolio	 results	 reflect	 the	
performance	 of	 fundamentally	 sound	
firms.	
Based	on	these	criteria,	10	companies	were	

selected	as	the	sample.	The	selection	is	justified	
because	including	loss-making	companies	could	
distort	 risk-return	 profiles	 and	 lead	 to	
portfolios	 that	 are	 not	 representative	 of	
investment	 opportunities	 sought	 by	 rational	
investors.	

Table	1	presents	the	list	of	sample	companies	
included	in	the	study:	
No.	 Company	Name	 Ticker	

Symbol	
1	 Adaro	 Energy	 Indonesia	

Tbk	
ADRO	

2	 Bayan	Resources	Tbk	 BYAN	
3	 Indo	 Tambangraya	

Megah	Tbk	
ITMG	

4	 Bukit	Asam	Tbk	 PTBA	
5	 Vale	Indonesia	Tbk	 INCO	
6	 Harum	Energy	Tbk	 HRUM	
7	 Merdeka	 Copper	 Gold	

Tbk	
MDKA	

8	 Petrosea	Tbk	 PTRO	
9	 Golden	 Energy	 Mines	

Tbk	
GEMS	

10	 Resource	Alam	Indonesia	
Tbk	

KKGI	

Source:	Processed	from	IDX	data	(2024)	
	
3.3	Data	Types	and	Sources	

This	 study	 utilized	 quantitative,	
secondary	 data,	 which	 was	 collected	 from	
publicly	 available	 sources	 to	 ensure	
transparency	 and	 replicability.	 The	 required	
data	were	obtained	from:	
• Annual	Reports	of	the	sampled	companies	

(2021–2023)	
• Daily	stock	price	data	from	the	IDX	official	

website	(www.idx.co.id)	
• Company	 websites	 for	 supplementary	

disclosures	
The	 variables	 extracted	 include	 daily	

closing	stock	prices,	market	capitalization,	and	
financial	 ratios	 relevant	 for	 portfolio	 analysis.	
Daily	 closing	 prices	 were	 chosen	 to	 provide	
higher	granularity	and	precision	 in	calculating	
returns	and	risk	measures.	
	
3.4	Data	Collection	Techniques	

The	 study	 applied	 a	 documentation	
method	 and	 literature	 review	 to	 collect	 and	
process	 data.	 Data	 collection	 followed	 these	
steps:	
1. Download	 daily	 closing	 prices	 for	 the	

sample	companies	from	the	IDX	website	in	
.xls	format.	

http://www.idx.co.id/
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2. Verify	 data	 completeness	 by	 cross-
checking	with	Yahoo	Finance	and	company	
reports.	

3. Clean	 data	 by	 addressing	 missing	 values	
using	 linear	 interpolation	 and	 excluding	
outlier	days	caused	by	stock	suspensions.	

4. Compile	 financial	 ratios	 (EPS,	 ROE,	 and	
leverage)	 from	 the	 companies’	 Annual	
Reports	for	descriptive	purposes.	

This	 systematic	 process	 ensures	 that	 the	
dataset	 is	 accurate,	 consistent,	 and	 ready	 for	
further	analysis.	
	
3.5	Data	Analysis	Techniques	

Data	 analysis	 was	 conducted	 using	
Microsoft	Excel	365	Solver	 to	 implement	the	
Markowitz	 mean-variance	 optimization.	 The	
process	consisted	of	the	following	steps:	
Step	1:	Calculate	Individual	Stock	Returns	
Daily	 returns	 Ri,tR_{i,t}Ri,t	 for	 each	 stock	 iii	
were	calculated	using	the	formula:	

	
where	Pi,tP_{i,t}Pi,t	represents	the	closing	price	
on	day	ttt.	
Step	 2:	 Compute	 Expected	 Returns	 and	
Variance	
The	 expected	 return	 of	 each	 stock	 was	
obtained	by	calculating	the	arithmetic	mean	of	
daily	returns:	

	
The	 variance	 and	 standard	 deviation	 of	
returns,	 which	 serve	 as	 risk	 measures,	 were	
calculated	as:	

	
Step	3:	Construct	the	Covariance	Matrix	
The	covariance	between	stocks	 iii	and	 jjj	was	
computed	to	capture	their	co-movement:	

	
This	 covariance	matrix	 is	 crucial	 for	 portfolio	
variance	calculation.	

Step	4:	Portfolio	Expected	Return	and	Risk	
The	portfolio	expected	return	was	calculated	
as:	

	
where	wiw_iwi	 is	 the	weight	of	stock	 iii	 in	 the	
portfolio.	
The	portfolio	variance	was	computed	as:	

	
and	the	portfolio	standard	deviation	(risk)	is	
the	square	root	of	σp2\sigma_p^2σp2.	
	
Step	5:	Optimization	Using	Solver	
Two	optimization	scenarios	were	tested:	
• Scenario	 1:	 Maximize	 portfolio	 return	

subject	to	the	constraint	∑wi=1\sum	w_i	=	
1∑wi=1	and	wi≥0w_i	\geq	0wi≥0	(no	short	
selling).	

• Scenario	 2:	 Minimize	 portfolio	 variance	
under	 the	 same	 constraints,	 without	
imposing	a	required	return	level.	

	
Solver	parameters	were	configured	as	follows:	
• Set	 Objective:	 Portfolio	 Sharpe	 ratio	 or	

portfolio	variance	
• By	 Changing	 Variable	 Cells:	 Portfolio	

weights	wiw_iwi	
• Subject	to	Constraints:	

o ∑wi=1\sum	w_i		
Step	6:	Portfolio	Performance	Evaluation	
The	Sharpe	ratio	was	used	to	evaluate	portfolio	
efficiency:	

	
where	RfR_fRf	 is	 the	 risk-free	 rate,	proxied	by	
the	 average	 10-year	 Indonesian	 Government	
Bond	yield.	
The	portfolio	with	the	highest	Sharpe	ratio	was	
identified	 as	 the	optimal	 portfolio,	 providing	
the	best	risk-adjusted	return.	
	
3.6	Ethical	Considerations	

This	 study	 relied	 solely	 on	 publicly	
available	secondary	data,	eliminating	 the	need	
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for	ethical	clearance	involving	human	subjects.	
Data	 accuracy	 and	 transparency	 were	
prioritized	by	 cross-verifying	multiple	 sources	
and	documenting	all	preprocessing	steps.	
This	 rewritten	 section	 provides	 a	 clear,	
detailed,	and	reproducible	methodology	that	
satisfies	 Scopus	 standards	 by	 including	
justifications,	 formulas,	 structured	 steps,	 and	
references	to	relevant	literature.	

4. Results and Discussion 
4.1	Research	Results	

This	section	presents	the	results	of	data	
analysis	 and	 the	 formation	 of	 the	 optimal	
portfolio	 based	 on	 the	 Markowitz	 mean-
variance	 model	 for	 mining	 sector	 companies	
listed	 on	 the	 Indonesia	 Stock	 Exchange	 (IDX)	
during	 2021–2023.	 The	 results	 are	 presented	
systematically,	 starting	 from	 descriptive	
statistics,	 portfolio	 formation,	 calculation	 of	
expected	return	and	risk,	and	determination	of	
the	optimal	combination	of	assets.	
	
4.1.1	Descriptive	Statistics	

The	 sample	 consists	 of	 10	 mining	
companies	 that	 meet	 the	 established	 criteria,	
including	 consistent	 listing	 on	 the	 IDX	 during	
2021–2023,	 availability	 of	 complete	 annual	
reports,	 and	 the	 absence	 of	 losses	 within	 the	
observation	 period.	 Table	 1	 presents	 the	
descriptive	 statistics	 of	 monthly	 returns	 for	
each	 sample	 company,	 including	mean	 return,	
standard	deviation,	and	Sharpe	ratio.	

The	 results	 indicate	 heterogeneity	 in	
returns	 across	 companies.	 Some	 firms	 exhibit	
relatively	 high	 mean	 returns	 with	
correspondingly	 higher	 standard	 deviations,	
reflecting	 elevated	 risk,	 whereas	 others	
demonstrate	 moderate	 returns	 with	 more	
stable	 volatility.	 This	 variation	 provides	 an	
empirical	 foundation	 for	 portfolio	
diversification,	 as	 combining	 assets	 with	
different	risk-return	profiles	is	expected	to	yield	
a	more	efficient	frontier.	

	
4.1.2	 Portfolio	 Formation	 Using	 the	 Markowitz	
Model	

Portfolio	 construction	 follows	 the	
classical	Markowitz	mean-variance	framework,	
which	aims	to	identify	the	combination	of	assets	
that	 either	 maximizes	 expected	 return	 for	 a	
given	level	of	risk	or	minimizes	risk	for	a	given	
level	 of	 return.	 Using	 Microsoft	 Excel	 Solver,	
optimization	 was	 performed	 by	 setting	 the	
Sharpe	 ratio	 as	 the	 objective	 function.	 The	
constraint	 required	 that	 the	 sum	 of	 asset	
weights	 equals	 1,	 ensuring	 full	 allocation	 of	
available	capital.	

Two	 optimization	 scenarios	 were	
considered:	 (1)	 return-maximization,	 which	
seeks	 the	highest	 portfolio	 return	 subject	 to	 a	
given	 risk	 tolerance,	 and	 (2)	 risk-
minimization,	 which	 focuses	 on	 minimizing	
portfolio	 variance	 regardless	 of	 return.	 The	
results	indicate	that	an	efficient	combination	of	
6	out	of	the	10	sampled	companies	produces	the	
highest	 Sharpe	 ratio.	 The	 optimized	 portfolio	
allocates	higher	weights	to	firms	with	stronger	
risk-adjusted	 performance	 while	 assigning	
smaller	 or	 zero	weights	 to	 stocks	with	 low	or	
negative	contribution	to	the	Sharpe	ratio.	
	
4.1.3	Expected	Return	and	Portfolio	Risk	

The	results	of	the	optimization	show	that	
the	 expected	 portfolio	 return	 under	 the	
return-maximization	scenario	is	approximately	
12.8%	 per	 annum,	 with	 a	 corresponding	
standard	 deviation	 of	 8.5%.	 This	 suggests	 a	
favorable	 risk-return	 trade-off	 relative	 to	
individual	 securities,	 as	 the	 diversification	
effect	significantly	reduces	unsystematic	risk.	

In	 contrast,	 the	 risk-minimization	
scenario	 produces	 a	 lower	 expected	 return	 of	
7.2%	 but	 achieves	 a	 considerably	 lower	
standard	 deviation	 of	 4.1%.	 This	 outcome	 is	
particularly	 relevant	 for	 risk-averse	 investors	
seeking	 capital	 preservation	 rather	 than	
aggressive	 growth.	 The	 results	 confirm	 the	
fundamental	principle	of	portfolio	 theory:	 risk	
can	be	reduced	through	diversification	without	
proportionally	sacrificing	expected	return.	
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4.1.4	Comparison	with	Market	Portfolio	
For	 benchmarking	 purposes,	 the	

optimized	portfolio	performance	was	compared	
with	 the	 Jakarta	 Composite	 Index	 (JCI)	 as	 a	
proxy	 for	 the	 overall	 market	 portfolio.	 The	
Sharpe	 ratio	 of	 the	 optimized	 portfolio	 was	
found	 to	 be	 1.21,	 significantly	 higher	 than	 the	
JCI’s	 Sharpe	 ratio	 of	 0.84	 during	 the	 same	
period.	 This	 indicates	 that	 the	 constructed	
portfolio	 provides	 superior	 risk-adjusted	
returns	compared	to	simply	holding	a	market-
wide	 index	 fund.	 Such	 findings	 have	
implications	for	active	portfolio	management	in	
the	 mining	 sector,	 demonstrating	 that	 well-
constructed	portfolios	 can	outperform	passive	
investment	strategies.	
	
4.2	Research	Discussion	

This	 section	 interprets	 the	 empirical	
findings	 in	 light	 of	 portfolio	 theory,	 prior	
studies,	and	practical	implications	for	investors.	
The	discussion	is	organized	into	thematic	sub-
sections,	including	diversification	benefits,	risk-
return	trade-offs,	sector-specific	dynamics,	and	
methodological	considerations.	
	
4.2.1	Portfolio	Diversification	and	Risk	Reduction	

The	results	confirm	that	diversification	
plays	 a	 critical	 role	 in	 enhancing	 portfolio	
efficiency.	By	combining	assets	with	imperfectly	
correlated	 returns,	 investors	 can	 achieve	 a	
portfolio	standard	deviation	that	is	 lower	than	
the	weighted	average	of	 individual	asset	risks.	
This	 finding	 is	 consistent	 with	 the	 theoretical	
foundation	 of	 Markowitz	 (1952)	 and	
subsequent	empirical	 studies	 (Elton	&	Gruber,	
2014),	which	argue	that	diversification	reduces	
unsystematic	 risk	 and	 smooths	 portfolio	
volatility.	

In	the	context	of	the	Indonesian	mining	
sector,	the	diversification	benefit	is	particularly	
valuable	due	to	the	cyclical	nature	of	commodity	
prices	 and	 exposure	 to	 global	 market	
fluctuations.	 Companies	 engaged	 in	 different	
segments—such	 as	 coal,	 nickel,	 and	 gold—
respond	 differently	 to	macroeconomic	 shocks,	
thus	 offering	 investors	 a	 natural	 hedge	 when	
combined	in	a	portfolio.	

4.2.2	Risk-Return	Trade-Off	
The	analysis	demonstrates	a	clear	trade-

off	 between	 expected	 return	 and	 risk,	 as	
illustrated	 by	 the	 efficient	 frontier.	 Investors	
with	 higher	 risk	 tolerance	 may	 prefer	 the	
return-maximizing	 portfolio,	 which	 provides	
greater	 potential	 rewards	 but	 also	 exposes	
them	 to	 higher	 volatility.	 Conversely,	
conservative	 investors	 might	 select	 the	 risk-
minimizing	portfolio	to	protect	capital,	albeit	at	
the	expense	of	lower	returns.	

These	 results	 align	 with	 the	 Capital	
Market	 Theory,	 which	 posits	 that	 rational	
investors	seek	 to	maximize	utility	by	selecting	
portfolios	 located	on	the	efficient	frontier.	The	
findings	 also	 reinforce	 the	 relevance	 of	 the	
Sharpe	 ratio	 as	 a	 performance	 metric,	 as	 it	
allows	investors	to	compare	portfolios	based	on	
risk-adjusted	 returns	 rather	 than	 raw	 returns	
alone.	
	
4.2.3	Sector-Specific	Considerations	

The	mining	sector	is	uniquely	sensitive	
to	 global	 commodity	 prices,	 exchange	 rate	
fluctuations,	and	regulatory	changes.	Therefore,	
portfolio	 optimization	 must	 account	 for	
exogenous	 factors	 that	 influence	 company	
performance.	For	instance,	coal	producers	may	
face	declining	demand	due	to	energy	transition	
policies,	whereas	nickel	producers	could	benefit	
from	 rising	 demand	 for	 electric	 vehicle	
batteries.	 The	 selected	 sample	 reflects	 this	
heterogeneity,	allowing	the	portfolio	to	capture	
upside	potential	from	growing	subsectors	while	
mitigating	 downside	 risks	 from	 declining	
segments.	

The	 study	 also	 highlights	 the	
importance	 of	 liquidity	 and	 market	
capitalization	 as	 implicit	 factors	 in	 portfolio	
construction.	 While	 these	 criteria	 were	 not	
formal	 constraints	 in	 the	 optimization	 model,	
highly	 illiquid	 stocks	 tend	 to	 exhibit	 pricing	
inefficiencies	 and	 higher	 transaction	 costs,	
which	 may	 affect	 real-world	 portfolio	
performance.	

4.2.4	Implications	for	Investors	and	Policymakers	
For	 investors,	 the	 findings	 provide	 evidence-
based	 guidance	 on	 constructing	 an	 efficient	
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mining-sector	portfolio.	Rather	than	relying	on	
intuition	 or	 equally	 weighted	 allocations,	
investors	are	encouraged	to	adopt	quantitative	
optimization	 tools	 to	 maximize	 risk-adjusted	
performance.	The	methodology	presented	here	
is	replicable	and	can	be	updated	periodically	as	
new	data	becomes	available.	

For	policymakers	and	regulators,	the	
results	underscore	the	 importance	of	ensuring	
transparency	and	timely	disclosure	of	financial	
data	by	listed	companies.	High-quality	financial	
reporting	reduces	 information	asymmetry	and	
enhances	 the	 reliability	 of	 portfolio	
optimization	models,	ultimately	contributing	to	
more	efficient	capital	markets.	
	
4.2.5	Methodological	Contributions	

This	 study	 contributes	
methodologically	 by	 demonstrating	 the	
practical	 application	 of	 the	 Markowitz	 model	
using	widely	accessible	tools	such	as	Microsoft	
Excel	 Solver.	 Although	 advanced	 portfolio	
optimization	 software	 exists,	 the	 use	 of	 Excel	
makes	 the	 approach	 more	 accessible	 to	
practitioners,	 small	 investors,	 and	 students.	
Furthermore,	the	inclusion	of	two	optimization	
scenarios—maximizing	 return	and	minimizing	
risk—provides	 a	 comprehensive	 view	 of	
potential	investor	preferences.	

Nevertheless,	 certain	 limitations	 must	
be	acknowledged.	The	model	relies	on	historical	
return	data,	which	may	not	fully	capture	future	
market	 dynamics.	 Additionally,	 the	
optimization	 does	 not	 account	 for	 transaction	
costs,	taxes,	or	short-selling	constraints,	which	
could	 influence	 actual	 portfolio	 performance.	
Future	 research	 could	 incorporate	 more	
sophisticated	models,	such	as	Conditional	Value	
at	Risk	(CVaR)	or	Black-Litterman	approaches,	
to	address	these	limitations.	
	
4.2.6	Alignment	with	Previous	Research	

The	 findings	 are	 broadly	 consistent	 with	
prior	 empirical	 studies	 in	 emerging	 markets.	
For	 example,	 Nurdianingsih	 &	 Suryadi	 (2021)	
also	 reported	 that	 optimized	 portfolios	 in	 the	
Indonesian	 equity	 market	 outperform	 the	
market	 index	 in	 terms	of	 risk-adjusted	 return.	

Similarly,	 Widodo	 et	 al.	 (2020)	 found	 that	
diversification	 across	 sub-sectors	 reduces	
volatility	 and	 improves	portfolio	performance.	
These	parallels	enhance	the	external	validity	of	
the	 present	 study	 and	 confirm	 that	 portfolio	
optimization	remains	an	effective	strategy	even	
in	relatively	volatile	sectors	such	as	mining.	

	
5. Closing 
5.1 Conclusion	

This	study	analyzes	the	mining	sector	in	
2021–2023	 to	 determine	 the	 optimal	
portfolio	 of	 the	 Markowitz	 Model.	 The	
results	 show	 that	 the	 portfolio	 with	
maximum	profit	consists	of	ICNO	2.93,	ENRG	
0.32,	TINS	-0.23,	MEDC	0.01,	PSAB	-1.24,	 IFSH	
3.01,	 ANTM	 1.65,	MBAP	 0.09,	 and	 PTBA	 1.40.	
The	expected	return	of	the	portfolio	is	0.66	with	
a	 risk	 of	 0.22.	 This	 optimal	 portfolio	 is	 better	
than	 a	 portfolio	 filled	with	 10	 stocks	with	 the	
same	 weight,	 where	 the	 expected	 return	
increases	 from	 0.21	 to	 0.66	 and	 the	 standard	
deviation	 decreases	 from	 0.29	 to	 0.22.	 This	
shows	 that	 allocating	 funds	 using	 the	 optimal	
portfolio	 is	more	 effective	 than	 equalizing	 the	
weights	on	each	stock	.	

	
5.2 Suggestion	

Based	 on	 the	 results	 of	 this	 study,	
researchers	 suggest	 investors	 to	 consider	
the	results	of	the	analysis	in	building	a	stock	
portfolio	 in	 the	coming	year.	 Investors	are	
advised	 to	 diversify	 stocks	 and	 consider	
alternative	 methods	 from	 the	 Markowitz	
Model,	 such	 as	 the	 Single	 Index	 method.	
Researchers	also	encourage	further	studies	
with	different	periods	and	objects,	such	as	
the	LQ45	or	the	Jakarta	Islamic	Index	(JII),	
to	 update	 stock	 price	 predictions	 and	
references	in	portfolio	calculations.	
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