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Abstract
The	 objective	 of	 the	 article	 is	 to	 present	 a	
multicriteria hierarchical process (MCHP) approach 
to decision making in the selection of stocks of the 
main	 companies	 of	 the	Dow	 Jones	 index.	One	 of	
the	problems	that	investors	often	face	is	deciding	
which	stocks	should	be	included	in	an	investment	
portfolio.	 The	 article	 allows	 investors	 to	 answer	
this question, through an MCHP approach and 
the	 ELECTRE	 III	 method	 using	 different	 criteria	
based	on	the	financial	relationships	of	profitability,	
liquidity,	 market,	 and	 efficiency.	 In	 this	 process,	
the	 investor	 generates	 a	 global	 ranking	 and	 a	
ranking	of	each	subgroup	of	criteria	regarding	the	
investor’s preferences.  

Keywords: Hierarchical multicriteria process, 
ELECTRE	III,	Financial	ratios,	Dow	Jones.		

JEL code:	C61,	M40,	G15

Resumen
El	 objetivo	 del	 artículo	 es	 presentar	 un	 enfoque	
de	 proceso	 jerárquico	 multicriterio	 para	 la	 toma	
de decisiones en la selección de acciones de las 
principales	empresas	que	cotizan	en	el	índice	Dow	
Jones.	Uno	de	los	problemas	que	suelen	enfrentar	los	
inversores	es	decidir	qué	acciones	deben	incluirse	en	
un	portafolio	de	inversión.	El	artículo	permite	a	los	
inversores dar respuesta a esa pregunta, mediante 
un	 enfoque	 jerárquico	 y	 el	 método	 ELECTRE	 III	
utilizando	diferentes	criterios	basados	en	las	ratios	
financieras	 de	 rentabilidad,	 liquidez,	 mercado	 y	
eficiencia.	 En	 este	 proceso	 el	 inversor	 genera	 un	
ordenamiento	a	un	nivel	global	y	un	ordenamiento	
en	 subgrupo	 de	 criterios	 considerando	 las	
preferencias del inversor.  

Palabras clave:	 Proceso	 jerárquico	 multicriterio,	
ELECTRE	III,	Ratios	financieras,	Dow	Jones.	
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1. Introduction
The	evolution	of	financial	 theory	has	enabled	 the	
conceptualization	 of	 financial	 management	 from	
various	 perspectives.	 Its	 importance	 becomes	
evident	 when	 facing	 dilemmas	 such	 as	leverage	
versus	 profitability,	 always	 seeking	 the	 timely	
provision	of	resources	to	support	effective	decision-
making	 and	 ensure	 financial	 returns	 that	 drive	
business	growth.	

One	 of	 the	 main	 challenges	 in	 operating	 within	
the	stock	market	 lies	 in	 risk	management.	 In	 this	
context,	 concepts	 such	 as	hedging,	 insurance,	
and	 diversification	become	 highly	 relevant.	 Bodie	
and	 Merton	 (2003)	 argue	 that	 diversification,	 by	
distributing	 capital	 among	 multiple	 risky	 assets,	
reduces	exposure	to	individual	asset	risk.	Likewise,	
Merton’s	 dynamic	 continuous-time	 hedging	
technique	 serves	 as	 a	 bridge	 between	 Kenneth	
Arrow’s	theoretical	model	of	complete	markets	and	
the	practical	 needs	of	personal	financial	planning	
in	real-world	contexts	 (Bodie,	2019).	 In	this	sense,	
the investment portfolio, grounded in classical 
financial	 theory,	 seeks	 to	optimize	 the	 risk-return	
trade-off	through	diversification.	

Traditional	 models	 that	 consider	 only	 return	 and	
risk	 criteria—without	 accounting	 for	 investor	
preferences—may	 propose	 portfolios	 that	 do	 not	
reflect	 the	 investor’s	 interests.	 In	contrast,	models	
that	 do	 incorporate	 such	 preferences,	 along	 with	
additional	decision-making	criteria,	achieve	a	more	
appropriate	 alignment	 with	 the	 investor	 profile	
(Ehrgott	et	al.,	2004).	Diversification	is	also	closely	
related	to	risk	behavior	according	to	each	investor’s	
profile	(Basilio	et	al.,	2018).	However,	conventional	
tools	 often	 fail	 to	 consider	 increasingly	 complex	
and multifactorial scenarios—economic, social, 
environmental—that involve multiple and 
conflicting	 criteria	 (Guerrero-Baena,	 Gómez-
Limón,	&	Fruet-Cardozo,	2014).	

This	 research	 adopts	 both	 quantitative	 and	
qualitative approaches and focuses on the factors 
influencing	 decision-making	 in	 the	 development	
of investment portfolio selection strategies in the 
context	of	 the	COVID-19	pandemic	and	 its	effects	
on	financial	ratios	of	companies	listed	on	the	New	
York	Stock	Exchange.	Although	the	 importance	of	

investment	portfolio	selection	has	been	addressed	in	
various studies, current approaches often overlook 
investor	 profiles	 and	 the	 existence	 of	 conflicting	
criteria.	 In	this	regard,	analytical	 tools	are	needed	
to	meet	new	demands	in	decision-making	processes	

This	study	addresses	portfolio	selection	as	a	multi-
criteria	ranking	problem	through	the	adaptation	of	
the	hierarchical	multicriteria	process	proposed	by	
Corrente	et	al.	(2012),	based	on	the	natural	hierarchy	
that characterizes the criteria involved in stock 
selection.	The	portfolio	selection	problem	inherently	
presents a hierarchical structure of criteria. For 
this	analysis,	the	ranking	of	stocks	considers	seven	
macro-criteria	 (groups	 of	 criteria):	 market	 ratios,	
operating	 results,	 market	 value	 ratios,	 financial	
and	economic	profitability,	liquidity,	efficiency,	and	
dividends.	The	objective	of	the	study	is	to	generate	
a hierarchical ranking of companies listed on the 
Dow	 Jones	 Index.	 This	 entails	 organizing	 stocks	
by	groups	of	criteria	 to	analyze	 their	performance	
within	 each	 group,	 enabling	 the	 explanation	 of	
stock	behavior	and	investment	potential.	

The	 structure	 of	 this	 paper	 is	 as	 follows:	 Section	
2	 provides	 a	 literature	 review.	 Section	 3	 outlines	
the	methodology	 of	 the	 hierarchical	 multicriteria	
process, incorporating the hierarchical version of 
the	 ELECTRE	 III	 method.	 Section	 4	 presents	 the	
performance	analysis	of	the	companies’	stocks	and	
the	 corresponding	 results.	 Section	 5	 contains	 the	
conclusions.

 

2. Literature Review
The	 New	 York	 Stock	 Exchange	 (NYSE)	 was	
established	in	1790.	The	Dow	Jones	Industrial	Average	
represents the top 30 industrial stocks traded on the 
NYSE.	These	companies	can	significantly	influence	
overall	market	movements,	as	the	index	serves	as	a	
robust	 indicator	of	 the	U.S.	economy	and	 investor	
confidence	in	specific	securities.	As	a	global	leader,	
the NYSE serves as a venue for investors seeking 
access	to	capital	and	participation	in	global	markets.	
Its	 unique	 model	 helps	 minimize	 execution	 risk	
and	stock	price	volatility.	Chahuán	 (2018)	noted	a	
positive	correlation	between	 the	Dow	 Jones	 Index	
and	 other	 markets,	 such	 as	 Chile’s,	 where	 the	
index	 correlates	more	 strongly	with	 revenue	 than	
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with	 business	 outcomes.	 Decision-makers	 play	 a	
critical role in optimizing returns and minimizing 
investor	risk	when	constructing	a	portfolio.	Useche	
(2015)	 emphasized	 the	 contribution	 of	 financial	
institutions	 in	 providing	 more	 accurate	 advisory	
processes	 that	 cater	 to	 the	 personal	 expectations	
and	specific	interests	of	investor	clients.	

Risk,	 as	 analyzed	 by	 various	 authors,	 has	 a	 direct	
effect	 on	 corporate	 financing	 decisions,	 since	 the	
composition	of	a	firm’s	capital	structure	and	its	level	
of	financial	leverage	or	debt	ratio	directly	influence	
firm	 value.	 Milanesi	 (2016),	 in	 studies	 conducted	
on the Argentine stock market to evaluate the 
effect	of	volatility	at	varying	debt	levels,	confirmed	
the	 consistency	 of	 the	 proposed	 model	 linking	
volatility,	value,	and	probability	of	financial	failure.	
An	 increase	 in	 external	 capital	 raises	 insolvency	
risk,	which	 is	reflected	 in	a	decline	 in	stock	value.	
López-Dumrauf	 (2003)	 argued	 that	 firms	 must	
strike	 the	 right	financing	mix	 to	minimize	capital	
costs	and	maximize	firm	value.	Elselmy,	Ghoneim,	
and	 Elkhodary	 (2019)	 highlighted	 the	 importance	
of	accounting	 information	 in	financial	 statements	
to	 identify	 the	 indicators	 needed	 for	constructing	
business	 models	 for	 portfolio	 integration	 in	 the	
Egyptian	 stock	 market.	 Mansour	 et	 al.	 (2019)	
proposed	 a	 possibility	 theory	 and	 a	 model	 that	
allows	 for	 trade-offs	 between	 investor	 preferences	
regarding	multiple	 incommensurable	objectives	 in	
uncertain environments. 

In	 portfolio	 selection	 under	 the	 principles	 of	
corporate	social	responsibility	and	the	use	of	multi-
objective	 and	 multi-criteria	 techniques,	 Suárez,	
Pimiento,	and	Duarte	(2018)	noted	that	such	tools	
support	socially	responsible	investors	in	identifying	
portfolios	 that	 meet	 their	 goals	 of	 maximizing	
returns	while	minimizing	risks.	Cervelló,	Guijarro,	
and	 Michniuk	 (2014)	 reported	 a	 positive	 risk-
adjusted	return	for	the	flag	pattern	based	on	Dow	
Jones	 intraday	data	over	a	 time	horizon	of	over	 13	
years.	Ariza	and	Cadena	(2017)	applied	mixed	beta	
to	assess	asset	risk	or	predict	returns,	which	aided	
in	 capital	 budgeting,	 asset	 valuation,	 equity	 cost	
estimation,	 and	 explaining	 risk	 in	 the	 context	 of	
interest rates. 

A	 wide	 range	 of	 intelligent	 systems	 has	 been	
proposed	to	solve	 the	portfolio	selection	problem,	

such	as	reinforcement	learning	(Moody	et	al.,	1998;	
Moody	 &	 Saffell,	 2001;	 OJ.	 et	 al.,	 2002),	 neural	
networks	 (Kimoto	 et	 al.,	 1993;	 Dempster	 et	 al.,	
2001),	genetic	algorithms	(Mahfoud	&	Mani,	 1996;	
Allen	&	Karjalainen,	1999;	Mandziuk	&	Jaruszewicz,	
2011), decision trees (Tsang et al., 2004), support 
vector	machines	(Tay	&	Cao,	2002;	Cao	&	Tay,	2003;	
Lu	et	al.,	2009),	and	expert	boosting	and	weighting	
(Creamer	&	Freund,	2007;	Creamer,	2012).	Although	
these studies attempt to interpret market conditions 
and predict future trends, such techniques are often 
unsuitable	 for	 small	 investors	due	 to	 the	 required	
level	of	expertise.	Moreover,	 they	do	not	 facilitate	
comparisons	 across	 multiple	 ambiguous	 criteria	
(Boonjing	&	Boongasame,	2016).		

This	 study	 presents	 a	 multi-objective	 approach	
involving	 fuzzy	 parameters,	 where	 possibility	
distributions	 are	 represented	 by	 fuzzy	 numbers,	
and	investor	preferences	are	explicitly	incorporated	
using satisfaction functions. Aldalou and Perçin 
(2018)	proposed	a	financial	performance	evaluation	
model.	 Fuzzy	AHP	was	 used	 to	 assign	weights	 to	
evaluation	criteria,	while	Fuzzy	TOPSIS	ranked	the	
alternatives.	The	model	was	applied	to	listed	airline	
companies	on	the	Istanbul	Stock	Exchange	for	the	
period 2012–2016. A portfolio optimization model 
based	on	Markowitz’s	classical	mean-variance	model	
was	proposed	by	Ehrgott	et	al.	 (2004)	and	applied	
to	 the	Standard	&	Poor’s	database	of	 1,108	mutual	
funds.	Sánchez,	Milanesi,	and	Rivitti	(2010)	studied	
portfolio	 problems	 using	 AHP	 on	 four	 Argentine	
firms	 and	 evaluated	 their	 performance	 through	
five	 types	of	financial	 ratios	 (profitability,	activity,	
liquidity,	 solvency,	 and	 market	 value)	 calculated	
from accounting data since 2006. Mohammad et al. 
(2012)	applied	 the	TOPSIS	method	 to	a	sample	of	
18	top	companies	from	different	industries	listed	on	
the	Tehran	Stock	Exchange	(TSE)	over	five	years.		

Bahloul	and	Abid	(2013)	developed	combined	AHP	
and	 Goal	 Programming	 (GP)	 methods	 to	 study	
the	impact	of	investment	barriers	on	international	
portfolio	 selection.	 AHP	 was	 used	 to	 identify	
suitable	 international	 equity	 portfolios	 based	
on	 investment	 barriers,	 while	 GP	 incorporated	
market	 weights	 for	 maximum	 return,	 minimum	
variance, and AHP portfolios to determine optimal 
international	 equity	 portfolios.	 Pätäri	 et	 al.	 (2017)	
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compared	 the	effectiveness	of	 scale	median	 (SM),	
TOPSIS,	AHP,	and	DEA	 in	 identifying	 future	 top-
performing	stocks	in	U.S.	equity	samples.	

Altınırmak	et	al.	(2016)	applied	AHP-PROMETHEE	
to assess the performance of nine investment trusts 
listed	on	BIST	 (Turkey’s	stock	exchange).	Albadvi,	
Chaharsooghi, and Esfahanipour (2006) noted the 
application	 of	 PROMETHEE	 to	 the	 Tehran	 Stock	
Exchange	using	surveys,	financial	reports,	and	expert	
opinions to evaluate criteria and organizations. 
Basilio et al. (2018) used principal component 
analysis	 and	 the	 PROMETHEE	 II	 method	 to	
compare	 financial	 performance	 indicators	 across	
stocks	traded	on	the	São	Paulo	Stock	Exchange.	

Lima	 and	 Soares	 (2013)	 applied	 the	 ELECTRE	 III	
method	to	select	assets	for	a	buy-and-hold	strategy	
and	to	test	whether	the	chosen	assets	outperformed	
the	market	as	measured	by	the	Portuguese	Market	
Index	 (PSI-20TR).	 Vezmelai,	 Lashgari,	 and	
Keyghobadi	 (2015)	 used	 ELECTRE	 III	 to	 rank	 20	
companies	 listed	 on	 the	 Tehran	 Stock	 Exchange	
in	 2011	 and	 compared	 the	 results	 with	 the	 TSE’s	
own	 rankings.	 Boonjing	 and	 Boongasame	 (2016)	
proposed	a	combinatorial	portfolio	selection	using	
ELECTRE	III	to	support	small	 investors	 in	making	
investment	decisions.	Xidonas	et	al.	(2009)	applied	
ELECTRE	III	to	classify	companies	into	eight	sectors	
or industries as part of a Pareto investment portfolio. 
Multicriteria	 decision-aid	 (MCDA)	 methods	 have	
been	 widely	 used	 to	 address	 portfolio	 selection	
problems.	The	ELECTRE	III	method,	in	particular,	
has	been	employed	within	the	MCDA	framework	for	
finance	and	portfolio	selection	problems	(Spronk	et	
al.,	2016;	Govindan	&	Jepsen,	2016).	

3. Methodology   
One	of	the	basic	features	of	multicriteria	analysis	is	
the	comparison	of	alternatives	based	on	a	series	of	
criteria. Therefore, multicriteria ranking methods 
are designed to construct a recommendation on a 
set of alternatives according to the preferences of 
the	expert	or	decision-maker.	

To generate the ranking of the main stocks, the 
hierarchical multicriteria process is applied to the 
stocks	listed	on	the	New	York	Stock	Exchange	that	are	

part	of	the	Dow	Jones	Index,	considering	financial	
ratios. The data for these stocks corresponds to 
the	 first	quarter	of	 2021	 and	 can	 be	 found	on	 the	
financial	portal	www.investing.com.		

Figure 1. Research model for the marginal ranking 
of	the	30	Dow	Jones	stocks.

Source:	Own	elaboration.

Figure	 1	 presents	 the	 working	 framework	 of	 this	
research,	 which	 is	 defined	 in	 five	 stages.	 Stage	 1	
identifies	the	main	data	from	the	financial	ratios	of	
the	30	Dow	Jones	companies.	Stage	2	corresponds	
to	an	 intelligence	phase	 in	decision-making;	here,	
the decision criteria representing the stocks must 
be	defined,	as	well	as	the	decision	alternatives	(the	
companies	 listed	on	 the	 stock	exchange),	 and	 the	
parameters of the multicriteria method (ELECTRE 
III).	 In	 Stage	 3,	 a	multicriteria	 analysis	method	 is	
applied—in	 this	 case,	 the	 ELECTRE	 III	 method	
is used to generate a preference model (a valued 
matrix	 of	 the	 stocks).	 Stage	 4	 corresponds	 to	 the	
exploitation	of	 the	preference	model;	 in	 this	 step,	
a	distillation	process	 is	used	to	rank	the	stocks.	In	
Stage	5,	the	ranking	results	and	information	analysis	
are	presented	to	the	investor	for	the	final	selection	
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of	 stocks.	 In	 this	 regard,	 the	process	 and	method	
consider	the	 investor’s	profile	and	the	 level	of	risk	
they	are	willing	to	accept.	

The	 following	 section	 describes	 the	 hierarchical	
multicriteria	 process	 and	 the	 ELECTRE	 III	
multicriteria method used to rank the stocks. 

3.1 Hierarchical Multicriteria Process  

In	the	MCDA	process,	a	set	of	alternatives	is	defined	
as 	,		along	with	a	coherent	
family	of	criteria	 	Any	MCDA	
method develops an overall preference method as 
an aggregation procedure. The method generates 
a recommendation in the form of a ranking of 
alternatives	in	descending	order	from	best	to	worst.	
The	 first	 stage	 of	 the	 portfolio	 selection	 problem	
involves generating a stock evaluation ranking. For 
this	problem,	 it	 is	easy	to	observe	the	hierarchical	
structure of the decision criteria. Therefore, it is 
common for a practical application to impose a 
hierarchical structure (Corrente et al., 2012). For 
this reason, the multicriteria ranking of stocks is 
generated	using	a	new	method:	the	Multiple	Criteria	
Hierarchy	Process	(MCHP).	

A	 traditional	 multicriteria	 analysis	 method	
evaluates the stocks at the same level, assessing all 
the	criteria	at	once	(see	Figure	2).	In	this	way,	one	
can	identify	which	stocks	are	the	best	and	which	are	
the	worst,	but	it	is	not	possible	to	understand	how	
some	 subcriteria	 (subgroups	 of	 ratios)—such	 as	
market,	 performance,	 or	 liquidity	 ratios—interact	
in	 the	 evaluation	 of	 a	 stock	 and	 influence	 stock	
selection.	In	this	sense,	a	different	method	would	be	
valuable	to	assess	the	stocks	by	subsets	of	criteria	at	
different	levels,	following	the	MCHP	methodology	
to	solve	the	stock	selection	problem.	

It	often	happens	that	a	practical	application	imposes	a	
hierarchical structure of criteria (Salvatore Corrente 
et	al.,	2012).	In	the	stock	selection	problem,	a	large	
number	 of	 decision	 criteria	 are	 involved.	 In	 fact,	
evaluating	stock	selection	requires	various	types	of	
information,	 commonly	 addressed	using	 the	Dow	
Jones	indices.	Considering	these	characteristics,	the	
MCHP	approach	allows	the	stock	selection	problem	
to	 be	 broken	 down	 into	 subproblems	 by	 using	 a	
criteria	hierarchy	to	facilitate	a	deeper	analysis.

Figure 2. Evaluation criteria at the same level for 
the	stock	selection	problem.

Source:	Own	elaboration.

To	 address	 decision-making	 problems	 in	 which	
evaluation criteria are considered at the same level, 
a hierarchical structure is instead used to organize 
them	 within	 a	 specific	 segment	 of	 the	 problem.	
The	 basic	 idea	 of	 the	Multiple	 Criteria	 Hierarchy	
Process	(MCHP)	is	based	on	considering	preference	
relations at each node of the hierarchical tree of 
criteria.	These	preference	relations	refer	both	to	the	
phase of eliciting preference information and to the 
phase	of	analyzing	a	final	recommendation	by	the	
decision-maker	(Corrente	et	al.,	2012).	

A	 hierarchical	 structure	of	 criteria	 can	 be	 seen	as	
a criteria tree. The tree structure is of particular 
interest	 to	 the	 expert	 or	 decision-maker	 and	
clusters	 a	 subset	 of	 criteria	 into	 leaves.	 These	
leaves	decompose	the	overall	problem	into	smaller	
problems,	 allowing	 for	 a	 better	 understanding	 of	
the	 interaction	 among	 elementary	 criteria.	 Figure	
2	 addresses	 a	 multicriteria	 decision-aid	 problem	
in	 which	 all	 criteria	 are	 evaluated	 at	 the	 same	
level.	However,	the	same	problem	can	be	analyzed	
as	 smaller	 subproblems	 through	 a	 hierarchical	
structure.	 In	 the	 tree	 structure	 of	 criteria,	 some	
leaves	 contain	 branches	 with	 additional	 leaves,	
forming	a	tree	of	subproblems.	Corrente,	Figueira,	
Greco,	 and	 Słowiński	 (2017)	 integrate	 the	 MCHP	
with	 the	 ELECTRE	 III	 method.	 To	 explain	 the	
ELECTRE	 III	 hierarchy,	we	 follow	 the	 notation	of	
Angilella et al. (2018):

 is the comprehensive set of all criteria at all 
levels	considered	in	the	hierarchy.

 is the root of the criteria.
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	is	the	set	of	indices	of	the	criteria	in	G.

	 is	 the	set	of	 indices	of	 the	elementary	
criteria.

	 is	 the	 generic	 criterion	 (where	 r	 is	 a	 vector	
whose	length	corresponds	to	the	criterion’s	level).

	 are	 the	 immediate	 subcriteria	
of criterion (located	one	level	below	 ).

	 is	 the	 subset	 of	 indices	 of	 all	 elementary	
criteria descending from .

is	the	set	of	indices	of	the	elementary	criteria	
desceding from at least one criterion in the 
subfamily	 .

	is	the	set	of	subcriteria	of	  located at level 
in	the	hierarchy	(below	 ).

To	 better	 understand	 the	 notation	 above,	 in	
a hierarchical structure, Level 1 contains the 
macro-criteria,	 and	 the	 elementary	 criteria	
descending	 from	 these	 macro-criteria	 decompose	
the	 subproblem.	 The	 complete	 set	 of	 elementary	
criteria	is	contained	within	EG.	A	different	approach	
can	be	implemented	for	the	multicriteria	decision-
aid	problem	by	generating	a	hierarchical	structure	
with	respect	to	the	criteria	of	interest	at	a	particular	
level	of	the	hierarchy.

The	 problem	 of	 stock	 selection	 for	 portfolio	
integration	 can	 be	 addressed	 as	 a	 hierarchical	
problem,	 where	 some	 macro-criteria	 may	
encompass	elementary	criteria	from	a	deeper	level	
in	the	hierarchy.	Figure	3	illustrates	a	summarized	
structure	 (two	 macro-criteria)	 of	 the	 complete	
hierarchical	problem	of	stock	selection	within	 the	
Dow	Jones	index.	The	macro-criterion	Market	Ratio	
(g¹)	integrates	six	Elementary	criteria,	Results	ratio	
(g²)	integrates	8	elementary	criteria,	and	so	on,	up	
to	 the	Dividend	 ratio	macro-criterion	 	 (g⁷)	which	
integrates	 six	 Elementary	 criteria.	 The	 evaluation	
of	Dow	Jones	 index	stocks	 includes	47	elementary	
criteria	 structured	 in	 a	 two-level	 hierarchy:	 Level	
1	 defines	 seven	 macro-criteria	 (non-elementary),	
and	 Level	 2	 contains	 47	 elementary	 criteria	 that	
constitute	the	macro-criteria	of	Level	1.

Figure 3.	 Simplified	 MCHP	 structure	 for	 NYSE	
stock selection.

Source:	Own	elaboration.

3.2 Hierarchical ELECTRE III Method   

The	adapted	version	of	the	ELECTRE	III	hierarchy	
was	first	 introduced	by	Corrente	et	al.	 (2017).	The	
ELECTRE	method	 is	 developed	 in	 two	 steps.	 The	
first	 step	 involves	 the	 aggregation	 of	 preferences,	
where	 informati	 on	 is	 processed	 by	 constructing	
a	model	based	on	 the	valued	outranking	 relation.	
This	 process	 is	 explained	 with	 an	 illustrative	
example	 in	 the	Appendix.	 In	 the	 second	step,	 the	
valued	 outranking	 relation	 is	 exploited	 through	
the distillation process, generating either a partial 
or complete ranking of alternatives. For each 
elementary	criterion	 .

The	 elementary	 concordance	 index	 for	 each	
elementary	criterion	 	is	given	by

The	 elementary	 discordance	 index	 for	 each	
elementary	criterion	 	is	given	by

The	 partial	 concordance	 index	 for	 each	 non-
elementary	criterion	
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Partial	credibility	index	

The valued outranking relation generated in the 
previous step corresponds to the decision maker’s 
preference model. The distillation method is used 
to	 exploit	 the	 preference	 model.	 Distillation	 is	
performed	 both	 in	 descending	 and	 ascending	
manners;	 consequently,	 the	 final	 preorder	 is	
obtained	as	the	intersection	of	the	two	distillations.	
An	overview	of	the	distillation	method	is	described	
in	Giannoulis	&	Ishizaka	(2010).

For the pair   in the hierarchical process, 
the alternatives are ordered in a partial or complete 
preorder	 for	 each	 non-elementary	 criterion	  as 
follows:

aPrb:a is	 strictly	 preferred	 to b	 on	 the	 macro-
criterion  in at least one of the orderings, a is 
ranked	before	b, and in other ordering, a is at least 
as good as b. 

aIrb:a is	indifferent	to	b	on	the	macro-criterion	  
if	both	actions	occupy	the	same	position	in	the	two	
preorders.

aRrb:a is	incomparable	to	b	on	the	macro-criterion					
	 if	 a	 is	 ranked	 better	 than	 b in the ascending 

distillation and b	 is	 ranked	 better	 than	 a	 in	 the	
descending distillation, or viceversa.

 

4. Analysis of Dow Jones stocks using 
the hierarchical multicriteria process   
The	 analysis	 is	 based	 on	 the	 financial	 statements	
from	 the	 first	 quarter	 of	 2021,	 obtained	 from	 the	
financial	 portal	 Investing	 and	 collected	 from	
the	 NYSE,	 which	 generates	 a	 performance	 index	
reporting	 on	 Dow	 Jones	 Index	 companies	 and	
indicating	 existing	 capabilities	 for	 investors	 (see	
Appendix,	 Table	 A.2.1).	 Financial	 ratios	 are	 used	
to	 select	 the	 macro-criteria	 to	 evaluate	 each	
company’s	performance	(see	Table	2).	These	provide	
insights	into	the	company’s	financial	situation	and	
performance	prospects,	as	well	as	an	evaluation	of	a	
company’s	position	relative	to	others.	

The	data	obtained	 from	the	NYSE	 is	grouped	 into	
seven dimensions used to evaluate the stocks listed 
on	the	Dow	 Jones	 Index.	Each	dimension	consists	
of	 a	 subgroup	 of	 different	 indicators	 (elementary	
criteria).	In	total,	there	are	47	indicators	to	evaluate	
the	 stocks	of	 the	 30	 companies	 in	 the	Dow	 Jones	
Index.	 The	 NYSE	 data	 is	 used	 in	 this	 study	 with	

a	 new	 approach—the	 Hierarchical	 Multicriteria	
Process	 (MCHP)—to	 analyze	 stock	 performance,	
considering	the	interaction	of	subgroups	of	criteria	
at	 different	 levels	 within	 a	 hierarchy	 through	 the	
ranking	of	Dow	Jones	companies,	as	shown	in	Table	
1.	The	macro-criteria	for	the	stock	selection	problem,	
elementary	 criteria,	 and	 their	 corresponding	
weights	are	shown	in	Table	2.	

Table 1.	Dow	Jones	Index	Companies.

Source:	Own	elaboration	with	data	from	NYSE.

Regarding	the	methodology	proposed	in	Section	3.1,	
the	HMCA	(Hierarchical	Multi-Criteria	Analysis)	is	
applied	to	solve	the	problem	of	stock	selection	for	the	
construction	of	an	investment	portfolio.	In	the	first	
step,	the	problem	is	structured	into	a	multicriteria	
hierarchy,	 breaking	 it	 down	 into	 seven	 macro-
criteria	as	subproblems	of	the	stocks.	As	shown	in	
the hierarchical structure in Figure 3, the stocks 
listed	on	the	NYSE	are	organized	in	a	hierarchy	based	
on	the	seven	macro-criteria	and	the	47	elementary	
criteria.	The	new	hierarchical	structure	for	the	stock	
performance	problem	enables	the	analysis	to	align	
with	 HMCA.	 The	 approach	 implemented	 in	 this	
article	 evaluates	 each	 macro-criterion,	 allowing	
for	 analysis	 of	 the	 interaction	 between	 directly	
related,	immediate	sub-criteria.	This	is	carried	out	
by	generating	preferential	models	and	rankings	for	
each	macro-criterion	to	understand	how	one	stock	
performs	relative	to	another,	and	how	it	influences	
the	overall	stock	selection	problem.
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Table 2. Macro-criteria	and	elementary	criteria	for	stock	selection.	

Source:	Own	elaboration.	
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The	 hierarchical	 ELECTRE	 III	 and	 distillation	
methods	described	 in	 Section	 3.2	were	 applied	 to	
solve	 each	 subproblem	g

i	
(macro-criterion),	 and	

the	 integrated	 level.	 Table	 3	 presents	 the	 overall	
ranking,	which	assigns	29	positions	to	the	analyzed	
companies’	 stocks.	Microsoft	 (A17)	 ranks	first	and	
retains	 this	 position	 in	 the	 final	 ranking.	 Dupont	
(A8)	 and	 Raytheon	 Technologies	 (A26)	 share	 the	
28th	 position,	 while	 Visa	 (A28)	 ranks	 second,	
and	 American	 Express	 (A2)	 is	 in	 17th	 place—
both	 companies	 belonging	 to	 the	 same	 economic	
sector.	 In	 the	 last	 position	 are	 Boeing	 (A20)	 and	
Exxon	Mobil	 (A9),	which	can	be	explained	by	 the	
fact	 that	 during	 the	 COVID-19	 pandemic,	 the	 air	
transportation	sector	was	among	the	most	affected	
due	to	the	economic	shutdown,	business	closures,	
and	 reduced	 population	mobility.	 Although	 some	
companies share positions, the overall ranking 
(g0),	 assigns	 Microsoft	 (A17),	 Visa	 (A28),	 Home	
Depot	(A21),	Intel	(A11),	and	Goldman	Sachs	(A10)	
the	 top	five	spots	as	 the	best-performing	stocks—
highlighting	their	status	as	technology	and	service	
companies.	Table	4	presents	the	individual	ranking,	

where	macro-criteria	 are	 analyzed	 based	 on	 their	
relative	importance	to	the	decision-maker.	

Table 3.	Overall	ranking	(g0)	of	the	Dow	Jones	Index

Source:	Own	elaboration.

Table 4. Individual	ranking	of	company	stocks.

Source:	Own	elaboration.	
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Each	macro-criterion	is	evaluated	through	a	subset	
of	 sub-criteria	 (elementary	 criteria	 belonging	 to	
the	lowest	level	of	the	hierarchy).	Table	4	presents	
the	rankings	of	each	macro-criterion	(g1...g10). The 
resulting rankings emerge from the interaction of 
elementary	criteria	that	evaluate	the	corresponding	
macro-criteria.	 For	 the	 stock	 selection	 problem,	
the	 interaction	of	 elementary	 criteria	 subsets	was	
analyzed	 at	 the	 macro-criteria	 level	 (Level	 2	 of	
the	 hierarchy),	 and	 subsequently,	 the	 interaction	
of	 macro-criteria	 at	 the	 top	 level	 (Level	 1)	 was	
considered to form a comprehensive stock selection 
model.

The	relative	importance	of	the	marco-criteria	 is	as	
follows:	  
with	 the	 corresponding	 weights	 0.2650,	 0.1550,	
0.1500,	 0.1500,	 0.1350,	 0.0950	 y	 0.0400.	 In	 terms	
of	 profitability	 ratios	 (g4) the top positions are 
occupied	 by	 A21	 >	 A1	 =	 A17	 >	 A22.	 Market	 value	
ratios (g3)	rank	A10	>	A25	>	A23	>	A14	>	A29.	Results	
ratios (g2)	show	A28	>	A17	>	A10	>	A11	>	A6	=	A7	;	0	>	A11	>	A6	=	A7	;	
and market ratios (gand market ratios (g11)	show	A17	=	A18	>	A28	>	A6	>	)	show	A17	=	A18	>	A28	>	A6	>	
A15.A15.

Based	on	 the	multicriteria	 ranking,	 in	 the	macro-
criterion of market ratios (g1)there	is	a	tie	for	first	
place	 between	 Microsoft	 (A17)	 and	 Visa	 (A28),	
followed	 by	 Home	 Depot	 (A21).	 Although	 these	
companies	belong	to	different	economic	sectors—
information	 services	 and	 financial	 services,	
respectively—they	 exhibit	 superior	 performance	
in	financial	indicators	related	to	market	value.	The	
third	position	is	held	by	Home	Depot,	a	company	in	
the	construction	and	materials	sector,	as	 reflected	
in the overall ranking (g0). Therefore, each of the 
seven	 rankings	 allows	 for	 identifying	 a	 stock’s	
position	within	 its	 respective	group.	To	determine	
the	hierarchical	 ranking,	weights	were	established	
according	 to	 the	 decision-maker’s	 judgment	 and	
investor	profile	regarding	risk	tolerance,	which	may	
influence	the	resulting	ranking	(see	Table	2).

Given	 that	Microsoft	 (A17)	and	Visa	 (A28)	appear	
in	 top	 positions	 in	 the	 performance-related	
macro-criteria	 of	 the	 individual	 rankings	 (Table	
4),	Microsoft	stands	out	 in	sub-criteria	g₁,	g₅,	and	
g₆,	 while	 Visa	 excels	 in	 g₂,	 and	 Home	 Depot	 in	
g₄.	 Although	 the	 profitability	 ratio	 (g₄)	 holds	 the	
highest	 weight	 (0.265),	 Home	 Depot	 performs	
lower	 in	 other	 macro-criteria,	 ranking	 17th	 in	 g₂,	
28th	 in	g₆,	 and	 9th	 in	g₁.	Nevertheless,	 its	 strong	
performance	 in	profitability	 ratios	places	 it	 in	 the	

3rd	position	of	the	overall	ranking	(g₀).	In	terms	of	
market	value	ratio	(g₃),	the	stock	of	Goldman	Sachs	
(A10),	a	financial	sector	company,	ranks	first	in	the	
individual	ranking	and	fifth	 in	the	overall	ranking	
(g₀).

The	stocks	positioned	at	the	bottom	include:	29th	
place,	Boeing	(A20);	24th	place,	Exxon	Mobil	(A9);	
23rd	place,	Chevron	Corporation	(A5);	22nd	place,	
AT&T	 (A3),	 and	 Dupont	 (A8).	 Specifically,	 the	
stocks	of	Boeing	(A20),	Technologies	(A28),	Dupont	
(A28),	and	Raytheon	(A26)	show	low	performance	
evaluations	 within	 the	 Dow	 Jones	 index.	 Boeing	
(A20)	 ranks	 among	 the	 lowest	 across	 five	macro-
criteria	 (g₂,	 g₃,	 g₄,	 g₅,	 and	g₇).	This	 is	 particularly	
attributable	 to	 its	 sector—aviation—which	 has	
been	heavily	affected	 by	global	market	conditions	
due	to	the	economic	and	financial	consequences	of	
the	COVID-19	pandemic.	

These	variations	are	 important	to	consider	as	they	
show	 how	 rankings	 may	 shift	 depending	 on	 the	
parameters	applied	to	the	same	data.	In	this	regard,	
rankings	 are	 not	 absolute;	 preferences	 and	 many	
other	 factors	 may	 vary	 depending	 on	 different	
quantitative parameters. Therefore, it is crucial to 
utilize	 methodologies	 adaptable	 to	 the	 decision-
maker’s	reality	for	investment	portfolio	integration	
based	 on	 companies’	 financial	 indicators	 and	 the	
investor’s	profile	and	preferences.

5. Conclusions 
This	study	analyzes	the	performance	of	companies	
listed	 in	 the	 Dow	 Jones	 Index	 and	 evaluates	 the	
variables	 affecting	 stock	 performance	 using	 seven	
macro-criteria	 and	 47	 elementary	 criteria.	 From	
a methodological perspective, a Hierarchical 
Multicriteria	 Process	 (MCHP)	 was	 employed	 to	
analyze	the	performance	of	NYSE-listed	companies.	
Subgroups	 of	 elementary	 criteria	 were	 assessed	
to understand their interaction and impact on 
the	 higher-level	 macro-criteria.	 This	 analytical	
process produced a preferential model, generating 
individual	 rankings	 for	 each	 macro-criterion	 and	
an	overall	ranking	for	the	stock	selection	problem,	
taking	 into	 account	 the	 effects	 of	 COVID-19	 on	
financial	ratios.	

MCHP	 allows	 for	 the	 evaluation	 of	 interactions	
between	sub-criteria	at	all	levels	of	the	hierarchy	to	
determine	their	influence	across	the	structure.	In	the	
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context	of	stock	selection,	this	approach	highlights	
business	 opportunities	 and	 needs,	 enabling	 more	
robust	 and	 reliable	 decision-making.	 Applying	
MCHP	to	evaluate	Dow	Jones	stocks	can	serve	as	a	
valuable	tool	for	formulating	more	assertive	policies	
and	decisions	within	organizations.	Consequently,	
this	 would	 promote	 favorable	 conditions	 for	
investors.	 In	this	regard,	the	ELECTRE	III	method	
provides	 decision-making	 support	 for	 real-world	
problems	using	a	non-compensatory	approach.		

However,	the	research	presents	a	limitation	in	that	it	
does	not	consider	stock	volatility	in	the	analysis.	This	
limitation	could	be	addressed	by	incorporating	the	
beta	coefficient	as	a	criterion	to	evaluate	volatility.	

For future research, stock selection could support 
market	 portfolio	 integration	 using	 the	Markowitz	
model and the Capital Asset Pricing Model (CAPM) 
proposed	by	Sharpe	(1964).	Additionally,	other	areas	
within	the	social	sciences	and	economic	phenomena	
could	be	explored	to	help	minimize	uncertainty	in	
decision-making	processes	within	public	or	private	
organizations. 
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Apendix
A.1 Illustration of the Application of the 
ELECTRE III Method 

This	section	presents	an	illustrative	example	of	the	
application	 of	 the	 ELECTRE	 III	 method.	 Figure	
A.1.1	 displays	 a	 general	 overview	 of	 the	 method’s	
application process. For the purposes of this 
illustration,	 data	 from	 a	 problem	 presented	 in	
Macharis, Brans, and Mareschal (1998) are used. A 
detailed	explanation	of	 the	method	can	 be	 found	
in	 Almeida,	 Figueira,	 and	 Roy	 (2006).	 Table	 A.1.1	
presents	 the	 evaluation	 matrix,	 while	 Table	 A.1.2	
provides	 the	 parameters	 that	 will	 be	 used	 in	 the	
application	of	the	ELECTRE	III	method.	

Figure A.1.1.	General	structure	of	the	ELECTRE	III	
method

Soucre:	Almeida,	Figueira	&	Roy	(2006).

Table A.1.1.	Evaluation	matrix	of	alternatives	

Table A.1.2	Parameters	of	the	ELECTRE	III	Method

Concordance index

The	 concordance	 index	 between	 the	 alternatives	
Italy	(a)	and	Switzerland	(b),	considering	criterion	
g3,	is	calculated	using	Equation	A.1	as	follows.

Given	 (Italy,	 Switzerland),	 the	
following	values	are	available	for	criterion	3,	g3	(Italy)	
=	9,	g3	 (Switzerland)	=	 10.	The	difference	between	
both	cities	 for	criterion	g3	 is	g3	 (Switzerland)	 -	g3	
(Italy)	 =	 1. This difference is neither less than or 
equal to q3, (q3	=	0.196),	nor	greater	than	p3, (p3	=	
2.127). Therefore, the calculation corresponds to the 
second case of Equation A.1:

The concordance indices resulting from the 
comparison	 of	 each	 country	 with	 the	 remaining	
countries	are	presented	in	Table	A.1.3.	
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Table A.1.3. Concordance indices 

Discordance index

The	 discordance	 index	 between	 the	 alternatives	
Belgium	(a)	and	Italy	(b),	considering	criterion	g₂,	
is	calculated	using	Equation	A.2	as	follows.

Given	 	 (Belgium,	 Italy),	 the	 following	
values	are	available	for	criterion	2,g2	(Belgium)	=	4, 
g2	 (Italy)=	0.5.	The	difference	between	both	cities	
for	criterion	g2	 is	  This difference 
is greater than  Therefore, the 
first case of Equation A.2 applies. The complete 
discordance	 index	 data	 are	 shown	 in	 Table	 A.1.4. 

then 

Full concordance index

The	comprehensive	concordance	index	corresponds	
to	 the	 weighted	 sum	 of	 each	 concordance	 index	
value (Ct,	 obtained	 through	 Equation	 A.1)	 by	 its	
corresponding	importance	weight	(Wt).

Equation	 A.3	 represents	 this	 weighted	 sum.	 An	
example	of	 its	application	is	the	calculation	of	the	
comprehensive	 concordance	 index	 between	 Italy	
and	Belgium,	as	follows.

C (A1, A2) 	C	(Italy,	Belgium)

C	 (Italy,	 Belgium)	 =	 0.589*0	 +	 0.178*1	 +	 0.12*1	 +	
0.113*1	=	0.41	

C	(Italy,	Belgium)	=	0.41	
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Table A.1.4. Discordance	indices	

The complete data for the comprehensive 
concordance	index	are	shown	in	Table	A.1.5.

Table A.1.5	Full	concordance	index

Credibility index

The	 credibility	 index	 corresponds	 to	 reducing	 its	
value	 (credibility)	 for	 pairs	 of	 alternatives	 where	
dt(a,	b)	>	C(a,	b).	Some	examples	of	this	are	the	pairs	

d₂(A2,	A1)	and	d₂(A2,	A4)	(see	Table	A.1.4).	Table	
A.1.6	presents	the	credibility	index,	where	it	can	be	
observed	 how	 the	 complete	 concordance	 index	 is	
reduced	to	0	for	the	pairs	(A2,	A1)	and	(A2,	A4)	due	
to the discordance present in these alternative pairs.

Table A.1.6 Credibility	index
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A.2 Financial ratios data of companies in the Dow Jones Index

Table	A.2.1	Performance	of	financial	ratios	of	companies	in	the	Dow	Jones	Index	(Part	1,	continued…)
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Table	A.2.1	Performance	of	financial	ratios	of	companies	in	the	Dow	Jones	Index		(Part	2,	continued…)	
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Table	A.2.1	Financial	ratios	performance	of	companies	in	the	Dow	Jones	Index	(Part	3)	
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Abstract
This study examines the effect of economic growth 
on job creation by calculating the employment–
output elasticity coefficient, followed by a multiple 
regression model to identify the determinants of 
employment. The results show that employment 
increases by 0.75% in the region and 0.80% 
nationwide for every 1% increase in gross domestic 
product (GDP), suggesting that the crisis context 
does not appear to affect employment at the regional 
or national level. However, the sub-period analysis 
clearly reveals an adverse impact on job creation 
at the regional scale, in the states comprising the 
region, and at the national level. According to the 
econometric model, job creation is explained by 
economic growth, foreign investment, and public 
spending, but not by domestic investment. 

Keywords: economic growth, employment, 
employment–output elasticity. 

JEL code: J2,O1 y O4 

Resumen
Se estudia el efecto del crecimiento económico 
en la creación de empleo, por ello se calcula el 

coeficiente de elasticidad o intensidad empleo-
producto y, luego, un modelo de regresión múltiple 
para identificar factores determinantes del empleo. 
Los resultados muestran que el empleo crece 0.75% 
en la región y 0.80% en el país por cada 1% de 
aumento en el producto interno bruto (PIB), por lo 
que aparentemente el contexto de crisis no afecta el 
empleo regional ni nacional; sin embargo, el análisis 
por sub-periodos muestra claramente un impacto 
adverso en la creación de empleos a escala regional, 
en los estados que conforman la región y también 
en el país. De acuerdo al modelo econométrico, la 
generación de empleos se explica por el crecimiento 
económico, la inversión extranjera y el gasto público, 
pero no por la inversión doméstica. 

Palabras clave: crecimiento económico, empleo, 
elasticidad empleo-producto. 

Código JEL: J2,O1 y O4  

1. Introduction
Globally, the average economic growth rate was 
3.6% during the period 2011–2018, lower than the 
3.9% recorded between 2001 and 2010 (IMF, 2018). 
In Latin America, economic growth was interrupted 
by the 2008 crisis, resulting in a -1.9% growth rate 
and an unemployment rate of 8.1% in 2009 (ILO, 
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2011). In Mexico, the early years of the century saw 
a modest annual average GDP growth of 2.8%, but 
in 2009 the growth rate turned negative at -6.7% 
(INEGI, 2010a), and the unemployment rate reached 
6.4% (INEGI, 2010b). 

The relationship between economic growth, 
employment, and productivity is increasingly 
relevant, as reflected in the 2030 Agenda for 
Sustainable Development, specifically Goal 8: 
Decent Work and Economic Growth (UN, 2016). 
In the short term, economic growth can i nfluence 
employment and/or unemployment; whereas 
long-term GDP expansion at a pace faster than 
employment and labor force growth may result in 
increased labor productivity (ILO, 2019).  

Thus, the lack of employment remains a central 
global concern and a major challenge for 
governments, particularly in the context of the 
COVID-19 pandemic. In 2014, over 200 million 
people were unemployed 31 million more than 
before the global financial crisis and in 2015 a 
further increase of 3 million unemployed persons 
was expected worldwide (ILO, 2015). By 2018, there 
were 172 million unemployed people worldwide, 
corresponding to an unemployment rate of 5% 
(ILO, 2019). 

Even before the emergence of COVID-19, with a global 
unemployment rate around 5% and a growing labor 
force, an annual increase of 1 million unemployed 
persons was projected, reaching 174 million in 2020 
(ILO, 2019; Table 1.5, p. 20). In Mexico, with the 
arrival of the pandemic, the unemployment rate 
was estimated at 11.7% by the end of 2020, equating 
to approximately 6 million people (ILO, 2020). So 
far this century, the Mexican economy has shown 
slow growth, impacting employment levels, as 
job creation has not kept pace with the growth of 
the working-age population. In this context, the 
research problem involves examining the impact 
of economic growth on employment levels in the 
northern region¹ and the country before the global 
crisis (2005–2007), during the crisis (2008–2010), 
and after the crisis (2011–2013). 

This study seeks to answer the following questions: 
What are the levels of investment, economic 
growth, and employment in the northern region? 
What effect has economic growth had on job 
creation in the region and the country? What other 
factors influence or determine job creation? The 
working hypothesis posits that despite the crisis, 
economic growth in the northern region positively 
affects employment, due to its proximity to the U.S. 
economy and the benefits from trade liberalization, 
which fosters productive investment not only the 

exchange of goods and services. 

Therefore, the general objective of this research is 
to determine the impact of economic growth on 
job creation in the northern region, its constituent 
states, and the country as a whole. Two specific 
objectives are proposed: 1) To calculate the 
employment–output elasticity coefficient to capture 
the impact of economic growth on job creation; and 
2) To identify the main factors that influence or 
determine the creation of new jobs. 

Following this introduction, the second section 
presents the conceptual aspects of the relationship 
between economic growth and employment, along 
with recent empirical evidence. The third section 
details the methodology and data used. The fourth 
section provides a brief characterization of the study 
region, followed by an analysis of employment–
output elasticity in the region, its states, and 
the country, as well as the factors promoting job 
creation. The final section presents the conclusions.

  

2. Theoretical framework and 
evidence on the subject 
Economic theory posits a positive relationship 
between output variations and the level of 
employment; that is, an increase in output implies 
an increase in the number of employed persons, 
thereby reducing the unemployment rate (Tangarife, 
2013, p. 40). Thus, economic performance is a 
fundamental determinant of job creation in any 
country, as higher output requires more labor and 
increases people’s purchasing power. 

According to Keynesian theory, the economy does 
not operate at full employment, and labor market 
equilibrium is based on effective demand. The 
market is quite slow to reach such equilibrium, 
making state intervention necessary as a regulator, 
promoter, and driver of investment and employment. 

Keynes clarified the relationship between income–
output growth and employment, showing that 

¹ The Northern Region is one of the four major regions defined by the 
National Population Council (Conapo 2004, cited in Zúñiga and Leite, 
2006), which group the federal entities based on geographic proximity 
and their tradition of high migration intensity: Northern Region: Baja 
California, Baja California Sur, Coahuila, Chihuahua, Nuevo León, 
Sinaloa, Sonora, and Tamaulipas; Traditional Region: Aguascalientes, 
Colima, Durango, Guanajuato, Jalisco, Michoacán, Nayarit, San Luis 
Potosí, and Zacatecas; Central Region: Mexico City, Hidalgo, State 
of Mexico, Morelos, Puebla, Querétaro, and Tlaxcala; Southern-
Southeastern Region: Campeche, Chiapas, Guerrero, Oaxaca, Quintana 
Roo, Tabasco, Veracruz, and Yucatán.
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changes in output (Y) are driven by changes in 
employment (N) through aggregate demand 
(Keynes, 1936) a basic production function already 
expressed by classical Ricardian economics as Y = 
f(N), with dy/dn > 0, assuming land (another factor) 
is constant, which led to the law of diminishing 
returns. 

The relationship between output and employment 
is evident when Y is replaced by the modern concept 
of GDP (Dornbusch et al., 2002). Although modern 
growth theory identifies other factors influencing 
GDP growth such as physical capital investment 
(Solow, 1957), human capital (Mankiw et al., 1992), 
research and development (Romer, 1990), public 
spending, work environment, labor organization, 
and skill level these factors are ultimately absorbed 
into employment (OECD, 2001). 

However, according to Skidelsky (2011), economic 
growth and existing employment levels are also the 
result of a combination of short-term expectations, 
reflected in corporate profitability, and long-term 
expectations, reflected in capital accumulation. 
Nevertheless, in times of crisis, expectations in both 
directions are clearly reversed. 

It is worth noting that while the Keynesian approach 
explains economic fluctuations through effective 
demand in the short term, the existence of effective 
demand fosters optimistic investment expectations, 
which increase investment levels and, in turn, 
production. This dynamic leads to higher economic 
growth and consequently, job creation. 

In other words, the Keynesian principle holds that 
productivity growth stimulates wage increases, 
which boost demand and employment. As demand 
grows, investment tends to rise, restarting the cycle 
of greater productivity (Camargo, 2013). This implies 
that employment is a function of output level, and 
not solely of wage levels, as assumed in the labor 
market framework (Kato, 2004). 

The output–employment relationship is often 
measured using the output–employment elasticity 
of the economy, which quantifies the relative 
response of employment levels to changes in output. 
However, as noted earlier, other factors besides 
labor are involved in the production process, so 
employment levels may not solely depend on GDP 

(Tangarife, 2013). 

This means that economic growth may be a 
necessary but not sufficient condition for job 
creation. Therefore, employment elasticity values 
should be analyzed in the context of the business 
cycle and other macroeconomic variables such as 
labor productivity, labor costs, investment, labor 
demand, etc. (Tangarife, 2013; Pattanaik & Nayak, 
2011; Kapsos, 2005; Islam & Nazara, 2000). 

Despite criticisms² mainly that it ignores the supply 
side the concept of employment output elasticity 
remains a convenient way to summarize the effect 
of economic growth on employment. It aligns with 
Okun’s Law, which has been useful in industrialized 
countries to identify growth thresholds at which 
job creation becomes significant (Islam & Nazara, 
2000). 

Specifically, Okun’s Law examines the empirical 
relationship between cyclical changes in GDP and 
unemployment (Dornbusch et al., 2002), supporting 
the idea that a 1% loss in employment corresponds 
to a 2-percentage-point loss in GDP. However, a 
simplistic market analysis often places GDP growth 
as the main driver of employment increases hence 
the common expression that economic growth is 
necessary for job creation.

Within this analytical framework, the key issue 
remains: By what percentage does employment 
increase for every 1% increase in GDP? This is the 
research question to be addressed in the following 
sections, focusing on the states that make up the 
Northern Region and the country as a whole. 

Regarding international studies analyzing the effect 
of economic growth on employment, Morén and 
Wändal (2019) calculated employment elasticity 
of economic growth for 168 countries and found 
that higher elasticity corresponds to more labor-
intensive growth. The results vary widely by country, 
with elasticity ranging from -0.32 to 2.61. At the 
regional level, the most employment-intensive 
growth was seen in the Caribbean, Central America, 
and Southern Europe. Elasticity was higher in 
developing countries compared to developed ones, 

² For a detailed review of these criticisms, see Islam and Nazara, 
2000:4–7. 
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and for most regions, the highest elasticity was 
recorded for adult women, followed by adult men. 
Finally, they demonstrated that labor force growth, 
the share of employment in services and industry, 
foreign direct investment (FDI), and trade all 
influence employment elasticity. 

Meanwhile, Görg et al. (2018) studied 20 OECD 
countries over the period 1960–2014 and found 
that the long-term employment–output elasticity 
averaged around 0.80. They note that this indicates 
a significant increase in employment responsiveness 
to output fluctuations in recent decades, with labor 
market policies playing a crucial role. Flexible 
short-term contracts may also affect employment 
dynamics. 

For the South African economy, Mkhize (2019) 
investigates the evolution of employment intensity 
across eight non-agricultural sectors from the 
first quarter of 2000 to the fourth quarter of 2012, 
aiming to identify key growth sectors that are 
labor-intensive. The empirical findings suggest 
that total non-agricultural employment and GDP 
do not move together in the long term, implying 
that unemployment growth occurred in South 
Africa during the analyzed period. This supports 
the idea that South Africa has become less labor-
intensive and more capital-intensive. Accordingly, 
branches within the tertiary sector show better 
performance in terms of employment intensity, 
reflecting the changing structure of the economy, 
with employment shifting from the primary to the 
tertiary sector. Therefore, investment in the tertiary 
sector is necessary to promote new jobs and could 
help improve overall employment intensity in 
southern Africa. 

In Latin America, Kapsos (2005) found an 
employment–output elasticity of 0.65 for the period 
1991–1995, 0.70 for 1995–1999, and 0.45 for 1999–
2003. These figures are similar to those published 
by ECLAC for 20 countries in the region, reporting 
an average employment elasticity of 0.60 for Latin 
America during the 1990s (ECLAC, 2000, cited in 
Kato, 2004:89). In both studies, the method used 
to estimate employment–output elasticity consisted 
of dividing the employment growth rate by the 
output growth rate. Stallings and Weller (2001) also 
estimated an employment–output elasticity of 0.60 

for Latin America, but for the longer period of 1950–
1999. 

In the case of Mexico, Cruz and Ríos (2014) analyzed 
employment–output elasticity by occupation, 
highlighting the ten most dynamic and the ten 
least dynamic occupations. They pointed out that 
occupations with high elasticity are likely to involve 
labor-intensive or low-productivity production 
methods, whereas those with low elasticity 
may indicate high productivity and potential 
unemployment if productive capacity does not 
expand progressively. The results show that workers 
are concentrated in activities where earnings are low 
(between one and three minimum wages), and that 
in the main occupational groups, workers typically 
have only primary or secondary education. Only 
those with upper secondary or higher education are 
able to earn more than three minimum wages. 

Ríos and Carrillo (2014) studied the impact of 
output changes on employment across Mexico’s 
manufacturing subsectors in the aftermath of the 
2009 crisis. Using data from the National Accounts 
System and the National Survey of Occupation and 
Employment (ENOE) by INEGI, they applied a fixed-
effects panel model and found that the subsectors 
with the highest elasticity were 2 (textiles, apparel, 
and leather industries), 4 (paper, printing, and 
publishing), and 8 (metal products, machinery, 
and equipment). This indicates that high-tech 
subsectors are not the only ones with high elasticity 
and, therefore, may be more affected by employment 
reductions during economic downturns. In 
subsectors with a high relative demand for unskilled 
labor such as subsector 2 (apparel manufacturing) 
and subsector 8 (furniture manufacturing) layoffs 
are the preferred measure during periods of low 
product demand, with maquiladoras and traditional 
labor-intensive industries being the most affected. 

Carbajal and Almonte (2017) analyzed, at the level 
of major manufacturing divisions, the performance 
of production and its effects on formal job creation 
in the Central region of Mexico. They identified 
the most dynamic divisions of manufacturing 
activity and, by estimating an employment 
function with panel data for each of the nine 
major manufacturing divisions, reported that the 
following divisions show high income elasticity 
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of employment: I. Food products, beverages, and 
tobacco; II. Textiles, apparel, and leather; III. Wood 
and wood products; and IX. Other manufacturing 
industries, with elasticities of 0.716, 1.035, 0.781, and 
0.94, respectively. Meanwhile, divisions comprising 
the most technologically advanced, innovative, and 
export-oriented branches such as Division VIII. 
Metal products, machinery, and equipment showed 
lower elasticity. 

Also focusing on the manufacturing sector and using 
data from the Monthly Industrial Survey, Kato (2004) 
found that social benefits have been more important 
than wages in absorbing employment in response 
to production changes. This may be due to average 
worker compensation not increasing in real terms, 
while social benefits have maintained a negative 
relationship with employment. Consequently, 
reducing labor costs through this component has 
promoted greater job creation at the expense of 
social benefits. These two effects enabled a higher 
employment–output elasticity when comparing the 
periods 1987–1993 and 1995–2001, which showed 
employment–output elasticities of 1.17 and 1.86, 
respectively demonstrating that elasticity is higher 
in the manufacturing sector than in the Mexican 
economy overall. 

Ríos and Cruz (2019) calculated the impact of 
economic growth on employment for the group 
“transport and mobile machinery drivers” during 
the period 1996–2012, using data from the National 
Survey of Household Income and Expenditure 
(ENIGH) published by INEGI. For the main 
group “Transport and mobile machinery drivers,” 
they found that the states with the most positive 
elasticities were Campeche, Jalisco, Michoacán, 
Morelos, Sonora, Veracruz, and Yucatán. Among 
the 14 unit occupational groups within group 83: 
transport and mobile machinery drivers, eight 
showed positive employment–output elasticity, 
particularly the following unit groups: Bicycle 
transport drivers (9321), Mobile machinery operators 
for cargo movement in factories, ports, commerce, 
etc. (8352), Deck officers, sailors, and pilots (8322), 
Mobile machinery operators for construction and 
mining (8351), and Drivers of buses, trucks, vans, 
taxis, and passenger cars (8342). 

Lastly, Bracamontes and Camberos (2016) 

investigated the impact of growth on employment 
during the first decade of the 21st century for the 
state of Sonora and its regions. They found that 
by the end of the decade, the Costa region had the 
highest employment–output elasticity coefficient 
(0.421), surpassing the employment intensity 
observed for the state of Sonora as a whole (0.362) 
implying that in the Costa region, employment 
increased by 0.42% for every 1% increase in output, 
while in the state overall it only rose by 0.36% per 1% 
growth in GDP. The next highest were the Frontera 
region (0.304) and the Sierra region (0.072). The 
Costa region showed a clear predominance in 
terms of investment share, value-added generation, 
and employment. However, employment–output 
elasticity coefficients were relatively low for all three 
regions and for the state as a whole.

3. Methodology  and data used 
Employment–output elasticity helps assess the 
intensity of economic growth in relation to job 
creation. Equation (1) measures arc elasticity, 
which is the calculation of elasticity between two 
different time points. This descriptive method has 
been used by the ILO and ECLAC (Islam & Nazara, 
2000). Where Ԑ represents employment elasticity, 
L is the employed population, and Y is the Gross 
Domestic Product (GDP) of the country, region, 
and constituent states. 

	 Ԑ	=	(∆L	⁄	L)	/	(∆Y	⁄	Y)	 	

   (Ec. 1)

The numerator simply provides the percentage 
change in employment in an economy (Lᵢ) between 
periods t₀ and t₁, while the denominator gives the 
corresponding percentage change in output (Yᵢ). 
In this sense, employment elasticity (Ԑ) measures 
the percentage change in job creation for every one 
percent increase in GDP. 

The Economic Commission for Latin America and 
the Caribbean (ECLAC, 2000, cited in Cruz & Ríos, 
2014) notes that it is not easy to prescribe whether 
high or low employment–output elasticity values are 
desirable. In the first case, the economy would be 
characterized by labor-intensive or low-productivity 
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production methods, while in the second case, high 
productivity may exist, potentially accompanied by 
unemployment if there is no progressive expansion 
of productive capacity.

Changes in employment have implications in 
terms of productivity, which complicates the 
interpretation of elasticity values. To address this 
challenge, and in line with Kapsos (2005), this study 
assumes that employment and productivity growth 
should be pursued jointly in order to maximize 
the potential for achieving economic development 
goals, such as poverty reduction.

Table 1. Interpretation of Employment–Output 
Elasticities

Source: Adapted from Kapsos (2005:4)

To clarify the relationship between employment–
output elasticities, real employment growth, and 
productivity increases, the author establishes 
a summary of this relationship under different 
scenarios of GDP growth. This framework is used in 
the present research to analyze elasticities. In Table 
1, the cells can be interpreted as follows (Kapsos, 
2005:4):

1. When the economic growth rate is positive and 
the employment elasticity is negative (less than 
zero), the employment growth rate is negative 
and the productivity growth rate is positive 
(labor productivity increases but employment 
does not). 

2. When the economic growth rate is positive and 
employment elasticity is between zero and one, 
both employment and productivity growth 
rates are positive (both labor productivity and 
employment increase). This scenario is often 

considered ideal, as employment growth goes 
hand in hand with productivity gains. However, 
within this range, higher elasticities (0.6 to 1.0) 
imply greater employment intensity but lower 
productivity growth. 

3. The lower left cell of the table shows that 
in economies with positive GDP growth, 
elasticities greater than one correspond to 
positive employment growth but negative 
productivity growth (employment increases, 
but productivity deteriorates).

4. The right-hand columns indicate that the 
interpretation of employment elasticities vis-
à-vis employment and productivity growth 
is exactly the opposite in cases where GDP is 
experiencing negative growth.

Furthermore, various studies use macroeconomic 
variables to examine employment generation in 
both developed and developing countries (Sodipe 
& Ogunrinola, 2011; Fofana, 2001). According to 
data availability, to test the research hypothesis, a 
multiple linear regression model will be estimated 
in which the main determinants of employment 
generation are economic growth, investment, and 
public spending on infrastructure. The model will 
be estimated for average values during the study 
period 2005–2013, as well as for the sub-periods: 
2005–2007, 2008–2010, and 2011–2013, and is 
specified as follows:

LgPOi = β0 + β1LgPIBi + β 2LgIEDi + β3LgFBKi + 
β4LgGP

(Ec. 2)

Where: 

LgPO= The natural logarithm of the employed 
population; 

LgPIB= The logarithm of Gross Domestic Product 
(GDP); 

LgIED = The logarithm of foreign direct investment 
(FDI); 

LgFBK= The logarithm of domestic investment; 

LgGP= The logarithm of public spending on 
infrastructure.
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The employment data are obtained from the 
National Survey of Occupation and Employment 
(ENOE), which is conducted and published annually 
by INEGI. Economic growth is measured using the 
average GDP value for the period and sub-periods, 
with data obtained from the National Accounts 
System of INEGI. Foreign direct investment data 
are provided by the Economic Information Bank of 
INEGI. Data on Gross Fixed Capital Formation are 
also taken from INEGI³, as reported in the Economic 
Censuses, since gross fixed capital formation 
represents the direct investment observed in 
the production process in the form of means of 
production. These censuses are published every five 
years, so the values published in 2004 and 2014 are 
used as approximate initial and final values for the 
period, respectively. 

Similarly, public spending on infrastructure is 
obtained from the INEGI website, specifically from 
the state and municipal public finance⁴ section 
under Administrative Records. Public investment 
is used as a proxy variable for public spending 
on infrastructure, as it represents government 
expenditure that encourages third-party investment, 
anticipating general potentialities where applied, 
rather than benefiting only a specific group. 

For data processing and management, the statistical 

software Excel version 14.0 and STATA version 12.1 
are used.

4. Employment elasticities and 
determinants
Before analyzing the effects of economic growth on 
job creation, a brief characterization of the study 
region is presented. In 2010, the Northern Region 
had a population of 23.2 million people (Table 2, 
2nd column), representing 20.74% of the total 
national population. The most populous states 
were Nuevo León, Chihuahua, Tamaulipas, and Baja 
California, followed in smaller numbers by Sinaloa, 
Coahuila, and Sonora. Baja California Sur was the 
least populated.

The Region accounted for 23.27% of the national 
GDP, which amounted to 12 trillion pesos in 2010. 
The state of Nuevo León, with 6.7%, had the largest 
share in generating regional wealth, followed at an 
intermediate level by Coahuila, Tamaulipas, Baja 
California, Sonora, and Chihuahua. The states of 
Sinaloa and Baja California Sur had the smallest 
shares in the wealth generation of the Northern 
region. 

Table 2. Mexico and Northern Region. Population, Gross Domestic Product (GDP), Investment and GDP 
Per Capita, 2010.

³ It is the value of fixed assets purchased by economic units (domestic 
or imported, new or used), minus the value of fixed asset sales. It 
includes, as part of the fixed asset purchases, the value of renovations, 
improvements, and major overhauls made to fixed assets that extended 
their useful life by more than one year or increased their productivity, 
as well as fixed assets produced by the economic activity for its own use 
(INEGI, 2009). 

⁴ The variable Public Investment, formerly known as "Public Works and 
Social Actions," is divided into Public Works on Public Domain Assets 
and Productive Projects and Promotion Actions. Public Works on Public 
Domain Assets includes the construction of schools, hospitals, public 
buildings, roads and highways, infrastructure for the supply of water, 
oil, gas, electricity, and telecommunications, as well as civil engineering 
works such as land division and urban development projects. As for 
Productive Projects and Promotion Actions, these include investments 
in public security, agricultural development, industrial development, 
administrative development, tourism promotion, and educational 
promotion.

The POB figures are expressed in millions of pesos, and GDP per capita is reported in 2008 current pesos.
This represents Gross Fixed Capital Formation in millions of pesos for the year 2010.
Source: Adapted from Millán L. Christian (2017:37)
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Total investment in the region amounted to 108,814.7 
million pesos (Table 2, 6th column), equivalent to 
23.4% of the national investment, which totaled 
464,390.6 million pesos. The states of Nuevo 
León and Tamaulipas stood out with the highest 
investment levels, followed to a lesser extent by 
Coahuila, Sonora, Chihuahua, and Baja California. 
The lowest investment levels were observed in 
Sinaloa and Baja California Sur.

It is important to note that despite the crisis, 
the relative share of the Northern region in the 
national GDP has remained approximately stable 
at 23.0% during 2004-2014 (Millán, 2017:51, Table 
11). However, the regional investment’s share of 
total national investment fell from 35.05% to 18.19% 
during the same period; in other words, in the 
context of the crisis, investment amounts in the 
Northern region were nearly halved. This decline 
is observed in all states of the region, particularly 
in Tamaulipas, whose share dropped from 5.48% to 
0.91% over the period (Millán 2017:42, Table 5). 

The last column of Table 2 shows that the Northern 
region had a GDP per capita of 127,408 pesos, 
surpassing the national GDP per capita of 113,560 
pesos per year. The states of Nuevo León, Baja 
California Sur, and Coahuila have GDP per capita 
figures above those observed in both the region and 
the country, followed by Sonora, Tamaulipas, and 
Baja California. Chihuahua and Sinaloa recorded 
the lowest GDP per capita in the Northern region.

4.1. Analysis of Employment-Output Elasticities 

It is important to consider that employment-output 
elasticity trends only show employment’s response to 

economic growth and, although this is an important 
indicator, it does not provide information regarding 
the number of employed persons, employment 
quality, or job types (Kapsos, 2005). Furthermore, 
while the computational estimation of arc elasticity 
is simple, Islam and Nazara (2000) caution that 
elasticity values calculated year after year using 
this method may exhibit considerable instability 
and may be unsuitable for comparative purposes. 
This, however, is not the case here as the analysis 
presented is short-term. 

The last column of Table 3 shows relatively high 
employment-output elasticities, although these 
are higher nationwide than for the Northern region 
during the 2005–2013 period. At the national level, 
employment grows by 0.80%, while in the Northern 
region, employment grows by only 0.75% for every 1% 
increase in GDP. In both cases, GDP growth rates are 
positive (Tables A and B in Annex I), and according 
to Kapsos’ (2005) classification, this represents the 
ideal scenario, as employment growth goes hand 
in hand with productivity increases. However, this 
reflects a labor-intensive economic growth that is 
becoming increasingly less productive, both in the 
Northern region and nationally⁵.

In the states of Baja California (1.58%), Tamaulipas 
(1.38%), Baja California Sur (1.14%), and Coahuila 
(1.02%), the highest employment elasticities were 

Table 3. Northern Region. Employment-Output Elasticity by Sub-Periods and for the Total Period, 2005–
2013.

Source: Own elaboration based on Sistema de Cuentas Nacional of Mexico and the National Survey of Occupation and Employment by INEGI 

⁵ According to Kahn (2000, cited in Kapsos 2005), developing 
economies should ideally have employment-output elasticities of 0.70, 
and as they achieve upper-middle-income status, these employment 
elasticities will gradually decline as a country becomes more developed 
and labor becomes scarce. In this way, Kahn argues that labor-
abundant economies especially those with a relatively high incidence of 
poverty need to achieve a relatively higher employment intensity than 
economies that are less labor-abundant. 
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recorded, exceeding both the employment elasticity 
of the Northern region and that of the country. 
Meanwhile, the state of Sonora (0.81%) shows an 
employment elasticity similar to that of the country. 
The fact that GDP growth rates are positive (see 
Tables C–J in Annex I), along with an employment-
output elasticity greater than 1, implies that in these 
states employment increased, but productivity did 
not during the 2005–2013 period. Conversely, Nuevo 
León (0.52%), Sinaloa (0.45%), and Chihuahua 
(0.44%) had the lowest employment-output 
elasticities, indicating productivity increases but 
not employment growth in those states. 

When analyzing employment elasticities by sub-
periods (Table 3, columns 2, 3, and 4), it can be 
seen that at the national level (0.60) and in the 
Northern region (-0.38), employment generation 
declined in the context of the crisis (2008–2010). 
However, the drop in job creation was steeper in 
the Northern region, which recorded a negative 
employment elasticity, meaning not only was job 
creation halted, but previously generated jobs were 
also lost. Similarly, the states of Sinaloa, Coahuila, 
Baja California Sur, and Baja California recorded 
negative employment elasticities, except for Nuevo 
Leónand Chihuahua, where the impact of the crisis 
is reflected in the post-crisis period (2011–2013), 
with a significant decline in their employment 
elasticities: Nuevo León (0.37) and Chihuahua 
(0.72). In Sonora (0.62), there was a slight decline 
in elasticity, indicating the crisis had milder effects; 
the opposite occurred in Tamaulipas, where the 
employment-output elasticity fell to 0.12 during the 
crisis. 

In the post-crisis period (2011–2013), the Northern 
region increased its employment elasticity (0.70), 
recovering the level observed before the crisis 
and exceeding the national employment elasticity 
(0.65), which also showed a slight recovery. The 
states of Baja California (1.06) and Tamaulipas 
(1.59) achieved significant recovery in employment 
generation during the post-crisis period, surpassing 
both regional and national employment elasticities. 
These were followed by Coahuila (0.77), Chihuahua 
(0.72), Sonora (0.64), and Baja California Sur (0.61). 
Meanwhile, Nuevo León (0.37) and Sinaloa (0.33) 
experienced the lowest employment elasticities in 
the post-crisis period. 

So far, it can be confirmed that the employment-
output elasticities calculated for the total period 

at the national, regional, and state levels are high. 
According to the literature, this is to be expected 
when comparing the employment elasticities of 
developed and developing economies (Morén 
& Wändal, 2019; Kahn, 2000). In this sense, the 
elasticities obtained in this study for the country and 
the Northern region align with the findings of Görg 
et al. (2018), who estimated an employment-output 
elasticity of 0.80 for the OECD during 1960–2014, as 
well as the estimates of Kapsos (2005) and ECLAC 
(2000), who estimated an average elasticity of 0.70 
and 0.60 respectively for Latin America. However, 
it is important to note that the sub-period analysis 
clearly highlights the adverse impact of the crisis on 
employment creation at the national, regional, and 
state levels. 

In terms of sectoral contribution to employment 
creation in the Northern region and the country 
(Table 4), it is evident that the primary sector 
presents the lowest employment-output elasticities: 
regional (0.40) and national (0.38), and therefore 
is the sector that generates the fewest jobs in both 
the region and the country. This result can be 
interpreted based on three possible arguments: a) 
a high capital coefficient in the sector, which leads 
to productivity growth but not employment growth 
(ILO, 2013; ECLAC 2000, cited in Cruz & Ríos, 2014), 
b) the ongoing rural exodus in the country, and c) a 
combination of both (a and b).

On the other hand, in the secondary sector, the 
Northern Region (0.86) shows a high employment 
elasticity, although lower than the country (1.11), 
which has a very high employment-output elasticity. 
In the tertiary sector, the highest employment 
elasticities are observed: Northern Region (2.41) 
and Mexico (2.36), which confirms a process of 
tertiarization of the regional and national economy. 
This means that both the region and the country base 
job creation on the secondary and tertiary sectors, 
although to a greater extent in the tertiary sector, as 
shown by the employment-output elasticities in 7 of 
the 8 states that make up the region.

In summary, when the elasticity analysis is 
conducted for the entire period (2005–2013), a high 
employment elasticity is observed in the Northern 
Region (0.75), although lower than the national 
level (0.80), which is also high. This would mean 
that the global crisis context apparently did not 
have harmful effects in terms of job creation for the 
Northern Region, nor for the country. 
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Table 4. Northern Region. Employment-Output Elasticity by Sector and in the Total Period, 2005–2013 

Source: Own elaboration based on Sistema de Cuentas Nacional of Mexico and the National Survey of Occupation and Employment by INEGI 

However, the sub-period analysis shows that in the 
context of the crisis (2008–2010), there was a clear 
drop in job creation at the national level (0.60), 
followed by a slight recovery in the post-crisis period 
(0.65), although this employment-output elasticity 
is still far from that observed before the crisis in the 
country (0.79). In other words, in the post-crisis 
period, the country did not manage to recover the 
employment levels that existed before the crisis. 

On the other hand, in the context of the crisis, a 
negative employment elasticity is observed in the 
Northern Region (-0.38), which implies that not 
only did job creation stop, but jobs created before 
the crisis were lost. However, for the post-crisis 
period, the Northern Region (0.70) recorded an 
employment elasticity equal to that observed before 
the crisis, which means that at least in the Northern 
Region, the jobs lost due to the global crisis were 
recovered. 

Among the states, during the crisis and with negative 
employment-output elasticities, Sinaloa, Coahuila, 
Baja California Sur, and Baja California were the most 
affected, followed by Tamaulipas, whose elasticity 
fell to 0.12 during the crisis. In Sonora (0.62), there 
was only a slight drop in elasticity, reflecting the 
least damage from the crisis. In contrast, in Nuevo 
León and Chihuahua, the impact of the crisis was 
reflected in the post-crisis period (2011–2013), when 
they recorded a noticeable drop in employment 
elasticity: Nuevo León (0.37) and Chihuahua (0.72). 
In the post-crisis period (2011–2013), the states that 
achieved a significant recovery in employment 
elasticity were Baja California (1.06) and Tamaulipas 

(1.59), followed by Coahuila (0.77), Chihuahua 
(0.72), Sonora (0.64), and Baja California Sur (0.61). 

Finally, the sectoral employment-output elasticities 
show that in the Northern Region and in the 
country, job creation relies more on the secondary 
and tertiary sectors. Throughout the period, the 
Northern Region (0.86) recorded a high employment 
elasticity in the secondary sector, but lower than 
that observed in the country (1.11). In the tertiary 
sector, the Northern Region (2.41) also recorded a 
high employment elasticity, slightly higher than the 
country (2.36), which indicates the tertiarization 
of economic activity at both regional and national 
levels. 

4.2. On the determinants of employment 

Various studies use macroeconomic variables 
to examine job creation in both developed and 
developing countries (Sodipe & Ogunrinola, 
2011; Fofana, 2001). In Equation 1, the factors that 
stimulate job creation beyond economic growth 
are explored. By considering the average values of 
annual data for the states during the period 2005–
2013, a coefficient of determination of R² = 0.90 is 
obtained, indicating a high explanatory power of the 
model in terms of employment generation, due to 
changes in GDP growth, foreign direct investment, 
gross capital formation, and public infrastructure 
spending. 

Likewise, the probability of the F-statistic being < 
0.05 indicates a 95% confidence level in the model, 
meaning that overall the model shows statistical 
significance between the independent variables 
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and employment. However, when looking at the 
probabilities associated with the t-statistic, we 
can see that all the coefficients are statistically 
significant, except for gross capital formation, which 
does not show the expected sign⁶. This implies 
that domestic investment is inhibited, leading to a 
decline in job creation in the region and the country 
during the crisis context. 

Equation 1. LgPOi = β0 + β1LgPIBi + β 2LgIEDi + 
β3LgFBKi + β4LgGP

The Breusch-Pagan test is applied to check for 
evidence of heteroskedasticity⁷, for which a null 
hypothesis of constant variance is established (H₀ 
= constant variance). A chi-squared value of 1.63 
and a p-value of 0.2012 (Prob > chi² = 0.2012) are 
obtained. Since the p-value is greater than 0.05, 
we cannot reject the null hypothesis our model 
has constant variance, and therefore, there is no 
heteroskedasticity.

5. Conclusions 
This study examines the impact of economic 
growth on job creation in the Northern Region, 
its constituent states, and the country before the 
global crisis (2005–2007), during the crisis (2008–
2010), and after the crisis (2011–2013). To this end, 
the employment-output elasticity coefficient is first 
calculated, and then a multiple regression model 
is used to explore the macroeconomic factors that 
influence job creation. 

The first finding is that for the entire period, 
employment elasticity is high in the Northern 
Region (0.75), although lower than that recorded 
for the country (0.80). This suggests that the crisis 
did not affect job creation at the regional or national 
level. However, the sub-period analysis shows a 

clear drop in job creation during the crisis in both 
the Northern Region and the country. This decline 
was more abrupt in the region, where elasticity was 
negative, implying that not only did job creation 
stop, but previously created jobs were destroyed. 

A second finding is that the states most affected 
during the crisis were Sinaloa, Coahuila, Baja 
California Sur, and Baja California, since they, like 
the Northern Region, had negative employment-
output elasticities. They were followed by 
Tamaulipas, whose employment elasticity suddenly 
dropped to 0.12 during the crisis. The state of 
Sonora (0.62) experienced less severe effects on job 
creation, with only a slight drop in employment 
elasticity during the crisis. In contrast, in Nuevo 
León and Chihuahua, the impact of the crisis was 
reflected in the post-crisis period. 

Another finding is that in the post-crisis period, the 
region recorded an employment elasticity equal to 
that observed before the crisis. This implies that 
the region recovered the jobs lost due to the global 
crisis, something that did not occur at the national 
level. The states that achieved a significant recovery 
in elasticity after the crisis were Baja California and 
Tamaulipas, followed by Coahuila, Chihuahua, 
and Baja California Sur. Additionally, the sectoral 
employment elasticities in both the region and 
the country show that job creation relies on the 
secondary and tertiary sectors, as confirmed by the 
very high sectoral employment elasticities of the 
states. 

Therefore, the empirical evidence confirms a clear 
link between economic growth and job creation. 
Moreover, the working hypothesis of this study must 
be accepted, since the results of the econometric 
model show that job creation is explained by GDP 
growth, foreign direct investment, and public 
spending but paradoxically, not by domestic 
investment. 

The results reveal the labor market’s insufficiency 
in restoring equilibrium between labor supply 
and demand, highlighting the indispensable role 
of the State in restoring business confidence and 
encouraging entrepreneurs to invest a greater share 
of the value generated, thereby stimulating labor 
demand. In this sense, amid the pandemic context, a 
partnership between the State and the business sector 
undoubtedly becomes imperative for the region 
and the country in order to reverse the undeniable 
damage caused by COVID-19 in terms of economic 

⁶ Similar results were found in the analysis by sub-periods; see Equations 
2, 3, and 4 in Appendix II. 

⁷ Tests for normality, multicollinearity, and the functional form of the 
model were also verified; see Annex III.
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growth, job creation, and overall well-being. 

In this regard, the current approach of the Fourth 
Transformation (4T) government in engaging with 
all business groups including its critics becomes 
highly relevant as a strategy to promote the necessary 
short- and medium-term investment across all 
sectors and branches of the economy. This aims 
to boost job creation in a context where domestic 
investment must play an increasingly central role, 
which may help improve the overall employment 
intensity in both the country and its regions.
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Appendix I
Table A. Mexico. GDP Growth Rates, Employment, and 

elasticities by period, subperiods, and sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 

and the Encuesta Nacional de Ocupación y Empleo (INEGI).

Table B. Northern Region. GDP Growth Rates, 
Employment, and elasticities by period, subperiods, and 

sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).

Table C. Baja California. GDP Growth Rates, 
Employment, and Elasticities by Period, Subperiods, 

and Sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).                     

Table D. Sonora. GDP Growth Rates, Employment, and 
elasticities by period, subperiods, and sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).
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Table E. Chihuahua. GDP Growth Rates, Employment, 
and Elasticities by Period, Subperiods, and Sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).

Table F. Coahuila. GDP Growth Rates, Employment, 
and Elasticities by Period, Subperiods, and Sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).

Table G. Nuevo León. GDP Growth Rates, Employment, 
and Elasticities by Period, Subperiods, and Sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).

Table H. Tamaulipas. GDP Growth Rates, Employment, 
and Elasticities by Period, Subperiods, and Sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).

Table I. Sinaloa. GDP Growth Rates, Employment, and 
Elasticities by Period, Subperiods, and Sector

Source. Own estimates based on the Sistema de Cuentas Nacionales 
and the Encuesta Nacional de Ocupación y Empleo (INEGI).

Table J. Baja California Sur. GDP Growth Rates, Employment, 
and Elasticities by Period, Subperiods, and Sector

Source. Own estimates based on the Sistema de Cuentas Nacionales and the 
Encuesta Nacional de Ocupación y Empleo (INEGI).
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Appendix II
Equation  2. LgPOi = β0 + β1LgPIBi + β 2LgIEDi + 
β3LgFBKi + β4LgGP

Equation  3. LgPOi = β0 + β1LgPIBi + β 2LgIEDi + 
β3LgFBKi + β4LgGP

Equation 4. LgPOi = β0 + β1LgPIBi + β 2LgIEDi + 
β3LgFBKi + β4LgGP

Appendix III
*Model Specification: Ramsey Test (ovtest)

The null hypothesis (H₀) is that there are no 
omitted variables. The p-value is greater than 0.05 
(Prob > F = 0.9718). Therefore, the null hypothesis 
is not rejected. This means that there are no omitted 
variables in the model. 

*Heteroscedasticity in the model: Breusch-
Pagan Test (estat hettest) 

The null hypothesis (H₀) is that the variance is 
constant. The p-value is greater than 0.05 (Prob 
> F = 0.2149). Therefore, the null hypothesis 

is not rejected. The model does not present 
heteroscedasticity. 

*Normality in the model: Jarque-Bera normality 
test (predict resid, residuals; then: jb resid) 

The null hypothesis (H₀) is that the residuals are 
normally distributed. The p-value is greater than 
0.05 (Prob = 0.613). 

The null hypothesis is not rejected. In the model, 
the residuals follow a normal distribution, as also 
shown by the graphical method:

Histogram of the residuals:

*Multicollinearity in the model: Variance 
Inflation Factor (VIF) 

*There are two metrics to determine whether a 
variable shows correlation: 

1st: VIF > 5 = Correlation; VIF > 10 = Strong 
correlation 

2nd: VIF > 4 = Correlation; VIF > 8 = Strong 
correlation 

The second is stricter than the first. The average of 
the VIF values and the highest of these factors are 
both below 10; therefore, the variables are significant 
at the 10% level and can be jointly included in 
the model specification, as they do not generate 
multicollinearity.
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Abstract
The object of the investigation is to identify the 
percentage of concurrence in the bidding process 
of the Strategy Program to Promote PPP Projects, 
block II, for this purpose, data mining is used 
as a methodology, intending to examine data 
public, identify patterns and answer the research 
question: What is the percentage of concurrence in 
the tender of the Strategy Program to Promote PPP 
Projects, Block II? Then, the results are presented, 
the findings are highlighted and as a conclusion, it 
is proposed to implement a previous stage called: 
prequalification, of a mandatory nature, to ensure 
the participation of a more significant number 
of bids, verify the capacity of potential bidders, 
gather complete proposals for technical and 
economic evaluation, and consider negotiation, as 
an alternate element. The limitation of the research 
is limited to the amount of data to be analyzed 
within block II, and as future lines of research, it 
is suggested to compare the processes of similar 
sectors within block I. 

Keywords: PPP, Concurrence, Public Bid, México, 
Data Mining. 

Resumen
El objeto de la investigación es identificar cual 
es el porcentaje de concurrencia en el proceso de 
licitación del Programa de Estrategia de Impulso a 
los Proyectos APP, bloque II, para ello, se utiliza la 
minería de datos como metodología, con la intención 
de examinar datos públicos, identificar patrones y 
dar respuesta a la pregunta de investigación: ¿Cuál 
es el porcentaje de concurrencia en la licitación del 
Programa de Estrategia de Impulso a los Proyectos 
APP, Bloque II?, luego entonces, se presentan 
los resultados, se resaltan los hallazgos y como 
conclusión se propone implementar una etapa 
previa denominada: precalificación, de naturaleza 
obligatoria, para asegurar la participación de un 
mayor número de ofertas, verificar la capacidad 
de los posibles licitantes, reunir propuestas 
completas para la evaluación técnica y económica, 
y considerar la negociación, como elemento alterno. 
La limitación de la investigación se circunscribe a 
la cantidad de datos a analizar dentro del bloque 
II, y como futuras líneas de investigación se sugiere 
comparar los procesos de los sectores similares 
dentro del bloque I.  

Palabras Clave: APP, Concurrencia, Licitación, 
México, Minería de datos.
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Introduction
This study introduces the reader to a specific 
concept underpinning the research: What should 
be understood by Public-Private Partnerships 
(PPPs)? This question is addressed from academic, 
regulatory, and international best practices 
perspectives. To this end, three key characteristics 
are identified: 1) the contractual term, 2) the 
financing or payment method, and 3) the social 
benefit. These characteristics develop within a 
cycle that begins with the preparation phase and 
ends with the implementation phase, during which 
the bidding stage arises. Among other principles, 
this stage must safeguard competitiveness and 
participation, as these are indispensable elements 
for fostering a genuine contest. 

Building on the above, the second section develops 
the importance of participation (concurrence), 
followed by the justification for analyzing the PPP 
Project Promotion Strategy Program, Block II. It 
is important to clarify that the 2013-2018 National 
Development Plan, published in the Official 
Federal Gazette (DOF), was implemented during 
the administration of President Enrique Peña Nieto. 
This plan established in its fourth axis, second 
section, the need to eliminate barriers limiting 
the country’s productive potential and to foster 
infrastructure projects through PPPs. Consequently, 
in 2017, the Comprehensive Strategy Program to 
Promote PPP Projects was launched for investment 
projects planned during 2017 and 2018, known as 
Block I and Block II. 

Focusing on 2018 is justified by the fact that the 
projects tendered that year belonged to the same 
sector — the road sector — and their bidding 
documents allow for identifying patterns to compare 
levels of participation. 

The methodology used is data mining, aimed at 
obtaining public data, identifying patterns, and 
answering the research question: What is the 
percentage of participation in the public bidding of 
the PPP Project Promotion Strategy Program, Block 
II? After developing the methodology, results are 
presented, findings highlighted, and a conclusion is 
proposed to implement a preliminary stage called 
prequalification. 

The importance of Public-Private partnerships 

PPPs have been defined as “private initiatives to 
finance projects” (Vicher, 2020, p. 69), aimed at 
delivering new or maintained goods, services, 
and infrastructure to society by the State (Sorace, 
Domenico et al., 2006). They materialize through 
a “long-term contract between a private entity 
and a government body to provide an asset or 
public service, where the private entity assumes 
significant risk, is responsible for management, 
and remuneration is linked to performance” 
(World Bank Group, 2015, p. 5). Consequently, 
decision-making shifts from horizontal, general 
relationships to more specialized, hierarchical ones 
(Castro Coria, 2020). This change implies that the 
government moves from ordering to a more parallel, 
almost horizontal relationship, as PPPs involve 
granting concessions for infrastructure, goods, and 
services, transferring decision-making capacity 
(Vicher, 2020, p. 76), especially when financing and 
performance-based payments are involved.  

One key characteristic of PPPs is that they are long-
term contracts, which require coordinated decision-
making, since the Inter-American Development 
Bank (IDB) points out that long-term contracts 
become complex as initial conditions may change 
due to unforeseen future requirements and rules 
(IDB, 2020a). 

The second characteristic is the payment 
mechanism, which must be linked to performance. 
Several mechanisms exist: first, the private entity 
may receive payment through user fees; second, 
periodic government payments; and third, a mixed 
mechanism combining both (World Bank Group, 
2015, p. 21). 

PPPs are especially characterized by financing 
projects when the government lacks resources but 
has obligations to fulfill — goods or services to 
deliver to citizens — or when resources exist but are 
allocated to other projects (Gómez Monge & Castro 
Coria, 2020). Private financing arises from scarcity 
of public funds. Although initial financing costs may 
be higher compared to fully public financing, the 
transfer of risk from taxpayers to the private sector’s 
performance is critical (Garcia-Kilroy & P. Rudolph, 
2017, p. 14). Accordingly, the private sector commits 
to maintaining service quality and efficient resource 
management (Engel et al., 2014). 
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The third characteristic is the complexity of a PPP 
project because its goal is to increase social welfare 
and investment levels in the country (LAPP, 2018, 
art. 2) through infrastructure and service execution. 
The PPP project cycle is complex, involving several 
phases that establish regulatory, administrative, and 
technical bases for preparation and implementation. 
The IDB emphasizes the importance of defining 
processes, responsibilities, and institutional 
coordination mechanisms (IDB, 2020, p. 6). 

The importance of participation as a mechanism 
for involvement  

The objective of any public tender is to open doors 
to competitiveness. A key element to achieve this 
competitiveness is participation, as it is essential 
to generate enough competitors (Fernández Ruiz, 
2015). Therefore, the World Bank in its PPP project 
reference guide (2015, pp. 170-174) recommends: 

1. Making project information available to all 
interested parties both in person and online 

2. Providing information and clarifying doubts 
about the procedure 

3. Establishing clear evaluation criteria depending 
on the project’s nature 

4. Setting criteria for managing problems, 
especially when only one or no suitable offers 
are received 

Competitiveness together with participation are 
guiding principles for the bidding stage because 
they ensure transparency and that the public sector 
receives the highest number of quality offers (IDB, 
2020b). International best practices recommend 
implementing a preliminary stage called 
prequalification to verify the capacity of potential 
bidders before the tender begins. This stage aims 
to limit non-competitive participants and ensure 
complete proposals (IDB, 2020b; Kerf et al., 1998). 

In Mexico, PPPs are regulated by the Public-Private 
Partnerships Law (LAPP), published in the DOF 
on January 16, 2012, and its Regulation (RLAPP), 
published November 5, 2012. These binding 
instruments govern tender procedures and stipulate 
that competitions must be conducted according 
to the principles of legality, free participation 
and competition, objectivity and impartiality, 

transparency and publicity, and equal conditions 
for all participants (LAPP, 2018, art. 38). 

This is highly relevant because the Political 
Constitution of the United Mexican States 
(CPEUM) establishes that concessions in their 
various forms are vital for the country’s economic 
and social development (CPEUM, 2019, arts. 25, 
27, 28). Therefore, decisions by authorities in this 
area require more rigorous analysis than usual 
(SJF, 2016). The LAPP aims to regulate PPP project 
development under the principles of Articles 25 and 
134 of the CPEUM, protecting the national economy 
through strong, dynamic, permanent, and equitable 
democratic planning actions that promote economic 
growth and free competition in all fields (SJF, 2016). 
Consequently, the administrative bidding procedure 
must adhere to these essential principles: 

“Participation, which ensures the public administration 
receives a larger number of offers, thereby increasing the 
possibility of selection and obtaining better conditions 
regarding price, quality, financing, and timeliness; 2) Equality, 
referring to the status of bidders relative to the administration 
and each other; 3) Publicity, allowing interested parties 
access to all information from the call for offers to the final 
stages; and 4) Opposition or contradiction, derived from due 
process, enabling interested parties to engage in disputes 
over competing interests, challenge others’ proposals, and 
defend their own” (SJF, 2007) 

Thus, ensuring participation—and consequently the 
greatest number of bidders and viable proposals—
is of vital importance. Therefore, authorities’ 
decisions when preparing tender documents must 
be based and justified on this principle (CPEUM, 
2019, art. 16). By guaranteeing participation, the 
aim is to increase social welfare and investment 
levels (LAPP, 2018, art. 2). Hence, requirements that 
limit competition and free participation should not 
be imposed (LAPP, 2018, art. 47). This essentially 
involves applying game theory to determine which 
procedural modality, given a certain information 
structure, can stimulate the best competition by 
encouraging the most rational decisions (Amster & 
Pinasco, 2015). 

The PPP tender procedure in the PPP project 
promotion strategy program, Block II 

For the case study, the implementation phase is 
analyzed specifically the bidding stage, as this stage 
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will select the private entity responsible for project 
execution. The bidding stage begins with preparing 
at least the following documents: the call for bids, 
bidding rules, the PPP contract model, annexes, 
technical project studies, and feasibility analyses 
(IDB, 2020, p. 14). Activities include publishing 
the call, information or clarification meetings, 
submission and evaluation of technical and 
economic proposals; the latter is split into two parts 
— legal and technical proposals are submitted first 
and evaluated by the contracting authority, followed 
by economic proposals (RLAPP, 2017). Finally, the 
award is announced, and the contract signed (IDB, 
2020, p. 14). 

The case study analyzed the PPP Project Promotion 
Strategy Program, which aimed to promote APPs 
(Secretariat of Finance and Public Credit, 2017) 
during 2017 (Block I) and 2018 (Block II). The 
budgeted PPP projects for 2018 (Block II) numbered 
eighteen (see annex 1); however, only four projects 
were tendered (see table 1), all within the same 
sector—the road sector. Additionally, one project 
was directly awarded and is currently in operation/
execution, while the others did not proceed with the 
registration process.

Table 1. PPP projects 2018 (Block II) in operation/
execution stage 

Source: Information from the National Transparency and Access to 

Information Platform 

The projects tendered in 2018, known as Block 
II, are identified by a unique, non-repetitive 
tender number. The four tendering processes are 
consistent, as they were carried out by the same 
sector, allowing for the identification of patterns 
to compare levels of competition. A key feature of 
the bidding phase in a Public-Private Partnership 
(PPP) project is negotiation. The World Bank has 
stated that negotiation, as a tool, should be adopted 
by each country based on its political and social 
circumstances, as it may reduce the transparency 
of the tendering process. Nevertheless, it considers 
it relevant to assess the possibility of negotiating 
with bidders regarding their proposals (World Bank 
Group, 2015, p. 165).

Methodology 
This research is presented as a non-experimental, 
descriptive, and quantitative study. It employs 
data mining (DM) to transform data, facilitating 
its processing and interpretation (Riquelme et 
al., 2006, p. 2). DM has been recognized as an 
appropriate methodology for identifying potential 
risks in government procurement (Organization for 
Economic Co-operation and Development, 2017). 
It aims to prioritize results to support decision-
making processes (Lorenzo Martínez Luna, 2011). 
Accordingly, the procedure seeks to collect data, 
identify patterns, and interpret the resulting 
knowledge (Asencios, 2004).  

This research is focused on answering a specific 
research question and achieving the stated objective. 

Research question: 

What is the level of competition in the tendering 
process of the PPP Project Promotion Strategy 
Program, Block II? 

Objective:

To identify the level of competition in the 
tendering process of the PPP Project Promotion 
Strategy Program, Block II. 

To answer the research question, the following steps 
are followed: 
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To obtain the data, we relied on three sources:   

1. Programa de Estrategia de Impulso a los 
Proyectos PPP (Secretaría de Hacienda y Crédito 
Público, 2017) focusing on the information from 
block  II;  

2. Plataforma Nacional de Transparencia y Acceso 
a la Información (PNT) 

3. Plataforma de contrataciones gubernamentales 
Compranet (Compranet), which contains a 
large amount of data for analysis in accordance 
with the LAPP(Cámara de Diputados del H. 
Congreso de la Unión, 2018, art. 11) 

The objective was to identify the number of projects 
scheduled for the 2018 fiscal year (Block II). Once 
this was done, the national transparency platform 
was used to request the bidding number for each 
project under execution/operation, and finally, the 
official information regarding the bidding processes 

was downloaded. 

To identify the patterns: 

From the four PPP projects of 2018 (block II) in the 
operation/executation stage, as described in Table 
1, and tendered by Secretaría de Comunicaciones 
y Transportes, the following information was 
extracted and analyzed: 

1. Bidding documents:  Execution period, 
evaluation type, disqualification criteria 
(Secretaría de Comunicaciones y Transportes, 
2018n, 2018m, 2018o, 2018p) 

2. Contract model: Payment and financing method 
(Secretaría de Comunicaciones y Transportes, 
2018s, 2018r, 2018q, 2018t) 

3. Technical proposal opening minutes: General 
participation percentage and by consortium 
(Secretaría de Comunicaciones y Transportes, 
2018a, 2018b, 2018c, 2018d) 

Figure 1. Methodological design 

Source: Own elaboration based on information from Hernandez Sampieri et al., 2014; Torres Hernandez & Navarro Chavez, 2014; Vilalta J., 2016. 
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4. Technical proposal evaluation and financial 
proposal opening minutes: Disqualification 
criteria of technical proposals (Secretaría de 
Comunicaciones y Transportes, 2018e, 2018f, 
2018g, 2018h) 

5. Tender decision: Percentage of awards 
by consortium, project winners without  
competitor breakdown, winners with 
competitor breakdown, contractual amount 
data per winning consortium including VAT, 
and final participation rate (Secretaría de 
Comunicaciones y Transportes, 2018i, 2018j, 
2018k, 2018l) 

To assess or measure the patterns: 

They are assessed as follows: 

Table 2. PPP contracting patterns

Information from:  Secretaría de Comunicaciones y Transportes, 2018c, 

2018n, 2018m, 2018d, 2018e, 2018f, 2018g, 2018h, 2018i, 2018j, 2018k, 

2018l, 2018o, 2018p, 2018t, 2018q, 2018r, 2018s, 2018a, 2018b.

To interpret the knowledge: 

The interpretation of knowledge is closely related to 
the objective of our research: To analyze competition 
in public procurement for the PPP Programa de 
Estragia de Impulso, Block II.

Results
As general information, prior to the specific patterns 
required by the methodology, it is important to note 
the following: the four procedures analyzed in this 
study have a 10-year execution term, are fully privately 
financed, required the presence of a social witness, 

and used the evaluation criterion known as points 
and percentages, as defined in the tender documents. 
All four procedures were carried out by the same 
contracting authority or purchasing unit—SCT-
General Directorate for Road Maintenance—and 
overseen by the same public official: the Director of 
Planning and Evaluation. From the four procedures 
analyzed, a total of 17 concessionaires participated, 
submitting 24 bids in total, meaning that several 
concessionaires submitted bids for more than one 
procedure (see Table 3). 

Table 3. Overall participation rate

Own elaboration based on Secretaría de Comunicaciones y Transportes, 

2018a, 2018b, 2018c, 2018d

From table 3, we can deduce the following: 

1. The procedure for the rehabilitation and 
maintenance of Tampico (Altamira) - Cd. 
Victoria highway section in Tamaulipas (APP-
009000959-E454-2017), received the fewest 
technical proposals––only four. 

2. Next is Arriaga – Tapachula highway section in 
Chiapas (APP-009000959-E455-2017) with five 
proposals, 

3. Followed by the Campeche – Merida highway 
section in Campeche and Yucatan (APP-
009000959-E456-2017) with seven proposals,  

4. The procedure with the highest number of 
bidders and proposals was the San Luis Potosi 
– Matehuala highway section in San Luis Potosi 
(APP-009000959-E12-2017). 

Regarding the consortia, two strategic alliances 
were identified: E and E.1, and F and F.1, meaning 
the leading consortia partnered with other 
companies (see Table 4). In Table 4, it is also noted 
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that Consortium A participated in three procedures 
and won one, with an individual success rate 
of 33.33%. Consortia D, I, and M each participated 
only once and won their respective bids, resulting 
in an individual success rate of 100%. The overall 
success rate for the four awarded consortia—
based on the number of times they participated—
is 83.33%. 

Table 4. Participation rate by consortium

Own elaboration based on Secretaría de Comunicaciones y Transportes, 

2018a, 2018b, 2018c, 2018d, 2018i, 2018j, 2018k, 2018l

Now, analyzing the bidding participation per 
procedure, and considering the full evaluation 
process (1. Legal and technical documentation 
review, 2. Financial proposal evaluation), we observe 

the following: 

Table 5 shows that four consortia submitted 
their technical proposals, and only two consortia 
proceeded to the analysis of the financial proposal, 
resulting in an initial participation reduction of 
50% compared to the final proposals evaluated in 
their economic aspect. 

Table 6 shows that five consortia submitted 
their technical proposals, all five met the legal 
documentation requirements, but only two 
consortia proceeded to the analysis of the financial 
proposal, resulting in an initial participation 
reduction of 60% compared to the final proposals 
evaluated in their economic aspect, since only two 
were considered for evaluation. 

Table 7 identifies seven consortia participating at 
the beginning of the procedure; however, of the 
seven initial consortia, only one proposal is viable 
for economic analysis, so the initial competition 
decreases by -85.71% compared to the final proposals 
evaluated economically. Additionally, one proposal 
is discarded at the stage of legal documentation 
submission. 

Table 8 shows the process with the highest number 
of consortia at the beginning of the procedure; 
however, of the eight initial consortia, only one 
proposal is viable for economic analysis, reducing 
the initial competition by -87.5% compared to the 
final proposals economically evaluated.

Therefore, in general terms, the final concurrence is 
presented in Table 9.

Table 5. Participation rate – procedure APP-009000959-E454-2017

Source: Secretaría de Comunicaciones y Transportes, 2018d, 2018l, 2018h 
Note (*) Did not meet the required coverage index (>1.10) for 2015  
(**) Did not submit audited financial statements for 2015 and 2016
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Table 6. Participation rate - procedure APP-009000959-E455-2017 

Table 7. Competition percentage for procedure APP-009000959-E456-2017 

Source: Secretaría de Comunicaciones y Transportes, 2018e, 2018i, 2018a 
Note: (*) Grupo Emprendedor Caltia did not provide the payment receipt for the November 2017 declaration. Sociedad Anonima de Obras y 
Servicios Copasa did not provide commercial background information nor the list of suppliers who have granted them commercial credits for the 
financing of similar projects 
(**) Did not provide the written statement confirming knowledge of the work site and its conditions 
(***) Constructora Marko did not submit the monthly tax declarations nor the corresponding payments for the months of February, July, and 
September 2017, and did not provide a copy of the certified public accountant who issued the financial statements. Servicios Mexicanos de Ingenieria 
Civil did not submit the payments corresponding to the 2017 tax declarations, nor a copy of the accountant’s certification who issued the reports. 
Magnamaq did not provide a copy of the accountant’s certification who issued the reports. Groupo Concesionario de Mexico did not submit the 
payments corresponding to the tax declarations for the months of May, June, July, August, September, October, and December 2017, nor a copy of 
the accountant who issued the reports.   

Source: Secretaría de Comunicaciones y Transportes, 2018f, 2018j, 2018b 
Note: (*) Proposes standard monthly unit prices that are not applicable; the economic offer amount is affected because if the monthly unit prices 
are cancelled, the proposal amount is affected; there are errors related to the financial model integration 
 (**) (i) Does not meet financial ratios, (ii) does not include the bid bond guarantee in documentation, (iv) fails the bases and affects the validity 
and solvency. 
(***) ICA Infraestructura omitted to include a copy of the public deed showing powers of legal representatives 
(****) Monthly Unit Prices were not used to determine the “Scheduled Program of Monthly Unit Prices for 2018-2028”; (2) amounts listed for the 
Supervisor Manager payment do not correspond; there is an error in the financial model form date 
(*****) Does not submit tax declaration payments nor commercial background and supplier’s situation. Grupo Emprendedor Caltia did not present 
the November 2017 complementary declaration payment receipt. Sociedad Anonima de Obras y Servicios does not present commercial background 
nor suppliers lists that granted commercial credits for similar projects. 
(******) Promotora y Desarrolladora Mexicana did not present payment receipts for complementary declarations for January, March, April, and 
June 2017; Desarrollo de Terracerias did not present lists of banks and/or suppliers granting banking or commercial credits for similar projetcs  
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Table 8. Competition percentage for procedure APP-009000959-E12-2017 

Table 9. Final competition percentage 

Source: Secretaría de Comunicaciones y Transportes, 2018g, 2018k, 2018c 
Note: (*) Does not comply with coverage indices for years 2015 and 2016 
(**) Data regarding the monthly unit price is inconsistent with the monthly unit price catalog; there is an error in the scheduled program  
(***) Does not present 2017 annual declarations before SAT 
(****) Api Movilidad did not present financial statements for 2015, professional license of the accountant, nor commercial backgrounds or supplier 
lists; Avianza Soluciones y Movilidad did not present internal financial statements for 2017 nor the sworn statement legend; Constructora Garza 
Ponce did not present commercial backgrounds nor supplier credit lists; no banking or commercial backgrounds presented 
(*****) Does not present power of attorney of the consortium representative elevated to public deed 
(******) Inconsistencies in initial rehabilitation program, financial model; starts work on the same segment in the same month; balance sheet does 
not include requested social capital 
(********) Does not present financial statements or cash flow for 2015 and 2016 

Source: Secretaría de Comunicaciones y Transportes, 2018a, 2018b, 2018c, 2018d, 2018e, 2018f, 2018g, 2018h, 2018i, 2018j, 2018k, 2018l 

Finally, regarding the most common reasons for 
discarding proposals, the following stand out:  

1. In the legal section, two consortia omitted 
to present a copy of the public deed showing 
powers of legal representatives, and the 
consortium representative’s power of attorney 
was not elevated to a public deed.  

2. In the technical section, nine consortia were 
disqualified for failing to submit payments 
of tax declarations, commercial background 
information, supplier lists granting commercial 
credits for similar projects, and the public 
accountant’s copy who issued the reports. 

3. Three consortia failed to meet coverage indices, 
and one did not submit a written statement 
acknowledging knowledge of the work site and 
conditions. 

4. In the economic section, four consortia had 
inconsistencies in unit prices and scheduled 
programs. 

In summary, the winning consortia are broken down 
in Table 10:
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Findings 
It is noteworthy that since PPPs are long-term 
contractual relationships, in the case study, the 
project execution period for the evaluated projects 
is 10 years. Another feature studied was financing, 
which should be performance-related, as well as 
the financing method for the bidding processes. In 
this case study, all projects are of the pure modality, 
meaning that the resources for the payment of 
service provision, as well as investment, operation, 
maintenance, and infrastructure preservation costs, 
come entirely from federal budgetary resources, 
or from the National Infrastructure Fund or other 
non-budgetary federal public funds (Chamber of 
Deputies of the Congress of the Union, 2017, Art. 3). 

Regarding the elements necessary for 
competitiveness and participation to materialize, 
the findings show that:  

1. The PPP project information for bidding is 
made available virtually to all interested parties 
through the government procurement platform 
Compranet  (Cámara de Diputados del H. 
Congreso de la Union, 2018, art. 11; Compranet).

2. Information is provided, and questions about 

the procedure are clarified.

3. There are no established criteria for handling 
issues, specifically when only one economic 
proposal is received.

Additionally, there is no prequalification stage, 
which, according to international recommendations, 
could have been used to verify the capacity of 
potential bidders before the procedure, ensuring 
that the bidders submit complete proposals for 
evaluation (Inter-American Development Bank, 
2020b; Kerf et al., 1998). 

Conclusions 
PPPs have been defined as long-term contracts 
between a private entity and a public entity, in 
which the financing or payment mechanism is 
performance-based. Given the scarcity of public 
resources, the risk is transferred from taxpayers to 
the performance of the private sector, encouraging 
the private sector to maintain service quality 
and efficiently manage available resources with 
the intention of increasing social welfare and 
investment levels in the country. 

Table 10. Winners by project  

Based on information by Secretaría de Comunicaciones y Transportes, 2018l, 2018k, 2018j, 2018i.  
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From the development of the research, the objective 
was met to identify the level of competition in 
four PPP projects related to the 2018 PPP Project 
Promotion Strategy (Block II), from which the 
following conclusions were drawn:  

1. A total of 17 bidders participated 24 times,  

2. Consortium A participated in three procedures 
and won one of them, with an individual success 
rate of 33.33%. 

3. Consortia D, I, and M each participated only 
once, and each won in that single participation, 
indicating a 100% individual success rate.  

4. The total success rate of the four awarded 
consortia, considering the number of times they 
participated, is 83.33%. 

5. Final participation was reduced by the following 
percentages: 

• Procedure No. APP-009000959-E454-2017 
began with 4 proposals but only 2 were 
evaluated economically, reducing the number 
of competitors by -50%. In this procedure, 
competitor M won.

• Procedure No. APP-009000959-E455-2017 
began with 5 proposals and only 2 were 
economically evaluated, reducing competitors 
by -60%. Competitor I won.

• Procedure No. APP-009000959-E456-2017 
started with 7 proposals, but only 1 was 
economically evaluated, reducing competitors 
by -85.71%. Competitor D won, as the only 
bidder with an economic proposal evaluated.

• Procedure No. APP-009000959-E12-2017 
began with 8 proposals, but only 1 was 
economically evaluated, reducing competitors 
by -87.50%. Competitor A won, as the only 
bidder with an economic proposal evaluated.

Finally, the disqualification criteria that contributed 
to the reduction in participation are related to 
disqualification for lack of information in the 
technical and legal sections, and inconsistencies in 
the economic section.  

Theoretical and practical references highlighted in 
this research helped identify the PPP cycle and the 
implementation phase during the bidding stage, 
as this is the stage in which the awarded private 

entity responsible for project execution is selected. 
This phase must create the necessary mechanisms 
to foster competitiveness alongside participation, 
meaning that the public sector should receive the 
highest number of quality offers. To achieve this, 
it is recommended—following best practices—
that governments implement a prior stage 
called prequalification and consider negotiation, 
especially when evaluating bidders' proposals.  

In line with this, the study of the four PPP projects 
related to the 2018 PPP Project Promotion Strategy 
(Block II) reveals that the authority, in its role as 
the contracting entity or responsible public official, 
must implement adequate measures to ensure that 
the bidding process enables greater participation, 
thereby allowing for a broader range of options 
and better conditions in terms of price, quality, 
financing, and timeliness, among others.  

Thus, it is proposed to implement a mandatory 
prequalification stage to ensure greater participation, 
during which the capacity of potential bidders 
would be verified, ensuring complete proposals for 
economic evaluation, and to consider negotiation 
when evaluating bidders’ proposals. 

Finally, the strength of this research lies in the use of 
data mining as a methodology to identify patterns in 
public procurement and, therefore, in the delivery of 
goods and services. As for limitations, the research 
is restricted to the amount of data analyzed within 
Block II. As future lines of research, it is proposed 
to compare the processes of similar sectors within 
Block I to refine the pattern analysis and improve 
the robustness of the results.
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Appendix I
The APP projects related to the 2018 APP Project 
Promotion Strategy (Block II) that were budgeted 
include:  

1. Rehabilitation and Maintenance of the Tulum - 
Cancún highway segment, in Quintana Roo 

2. Rehabilitation and Maintenance of the Las 
Brisas - Los Mochis highway segment, in Sinaloa 

3. Rehabilitation and Maintenance of the 
Campeche - Mérida highway segment, in 
Campeche and Yucatán 

4. Rehabilitation and Maintenance of the 
Arriaga - Tapachula highway segment, in 
Chiapas 

5. Rehabilitation and Maintenance of the San Luis 
Potosí - Matehuala highway segment, in San 
Luis Potosí 

6. Rehabilitation and Maintenance of the 
Tampico (Altamira) - Cd. Victoria highway 
segment, in Tamaulipas 

7. General Hospital "Dr. Santiago Ramón y Cajal" 
in Durango, Durango 

8. General Hospital in Tampico, Tamaulipas 

9. General Hospital "Dr. Francisco Galindo 
Chávez" in Torreón, Coahuila 

10. General Hospital in the Northern Zone of 
Mexico City 

11. General Hospital in the Eastern Zone of 
Mexico City and the State of Mexico 

12. General Hospital in Acapulco, Guerrero 

13. Regulation Lagoons for the Eastern Rivers of 
the Valley of Mexico (NAICM) 

14. Wastewater Treatment Plants in the River 
Basins of the Eastern Lake of Texcoco 

15. Proyecto de Modernización del Servicio 
Metereológico Nacional 

16. Modernization, improvement, and 
efficiency enhancement of the Los Berros Water 
Treatment Plant of the Cutzamala System  

17. Rehabilitation, Modernization, and 
Maintenance of physical infrastructure for basic 
education in Mexico 

18. Expansion and equipment of the 
Penitentiary Complex in Papantla, Veracruz
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Abstract
This research study examines the relationships 
between best practices in modern customs 
operations and their effect on customs functions 
in the case of the Lázaro Cárdenas customs office, 
Michoacán. The measurable model of customs 
modernization, with validated observed variables 
from the case of the Manzanillo customs office by 
Reyes (2021), is applied. The aim is to determine 
how much of the improvements in customs 
functions can be attributed to public service 
reforms, technological and infrastructure changes, 
and, consequently, to analyze the effects on the 
efficiency of customs management related to 
revenue collection, trade facilitation, and oversight. 
The method employed is the structural equation 
modeling technique, as recommended by Coyle 
et al. (2015), for analyzing customs modernization 
constructs. The results clearly show positive and 
significant effects on the core functions of customs 
management as a result of best modernization 
practices. This work is expected to contribute to 

improving customs management by recognizing 
the relevance of best practices and identifying 
which dimensions of modernization generate the 
greatest impact in achieving efficient, transparent, 
and competitive performance, thus leading to 
actionable propositions and recommendations for 
administrators and officials. 

Keywords: customs modernization, revenue 
collection, oversight, trade facilitation. 

JEL code: C10, H30, F23 

Resumen
En este trabajo de investigación se estudian las 
relaciones entre las mejores prácticas de la aduana 
moderna y su efecto en las funciones aduaneras en 
el caso de la aduana Lázaro Cárdenas, Michoacán. 
Se aplica el modelo medible de modernización 
aduanera con variables observadas validado en el 
caso de la aduana de Manzanillo por Reyes (2021). 
El objetivo de dilucidar cuánto de las mejoras en las 
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funciones de la aduana son atribuible a las reformas 
en la función pública, los cambios tecnológicos 
y de infraestructura y en consecuencia analizar 
los efectos en la eficiencia de la gestión aduanera 
relacionada con la recaudación, facilitación 
comercial y fiscalización. La técnica empleada es 
el modelo de ecuaciones estructurales mediante 
recomendado por Coyle et al. (2015) para el análisis 
de constructos de modernización aduanera. Los 
resultados obtenidos dejan de manifiesto los 
efectos positivos y significativos sobre las funciones 
sustantivas de la gestión aduanera producto de las 
mejores prácticas de su modernización. Se considera 
que este trabajo contribuirá a mejorar la gestión 
aduanera reconociendo la relevancia que tienen 
las mejores prácticas y desde cuáles dimensiones 
de la modernización se producen mayores efectos 
para lograr una actuación eficiente, trasparente 
y competitiva y se deriven consecuentemente 
proposiciones y recomendaciones para 
administradores y funcionarios. 

Palabras Claves: modernización aduanera, 
recaudación, fiscalización, facilitación comercial. 

Código JEL: C10, H30, F23   

1. Introduction
The reforms to Mexican customs legislation  
(Administración General de Aduanas, 2007)  and the 
introduction of mechanisms and systems supported 
by technological changes and new Information 
and Communication Technologies (ICTs) have 
produced significant effects, particularly in trade 
facilitation and the efficient service to foreign 
trade. At the same time, customs management 
has maintained and improved revenue collection 
levels by combating tax evasion and smuggling, 
ensuring control over imports and exports. These 
developments have led to important changes in the 
auditing and tax collection functions (Reyes, 2021). 

Recent studies (Horta, 2006; Trejo, 2007; Reyes, 
2021) have shown that Mexico is transitioning 
toward more effective, transparent, and competitive 
customs management. Nevertheless, research on 
modernization has focused on describing reforms 
by examining customs functions individually, 
without adopting a comprehensive approach to 
adapt the theory of the World-Class Customs Model 
proposed by Coyle et al. (2015). 

However, studies such as the one by Reyes (2021), 
which analyzes customs modernization through 

a case study of the Manzanillo customs office in 
Colima, Mexico, have made it possible to determine 
the extent to which best practices impact auditing, 
tax collection, and trade facilitation key functions of 
modern customs. The study also assesses the degree 
to which these functions respond to public service 
reforms, technological changes, and infrastructure 
improvements. To do this, the author used a 
measurable model of customs modernization with 
observed variables collected via surveys, employing 
Structural Equation Modeling (SEM) as outlined by 
Hair et al. (1999). 

Although the most significant advances in customs 
modernization in Mexico have occurred at the 
Manzanillo customs office, notable developments 
have also taken place at the Lázaro Cárdenas 
customs office, following the implementation of 
the Customs Modernization Plan 2007–2012 (PMA), 
which aimed to boost the efficiency and productivity 
of the national and international logistics chain 
(Reyes et al., 2020). 

This has led to increased capacity at this customs 
office, solidifying its position as the second most 
important port in terms of container handling, 
with connectivity to 138 ports in 41 countries  
(Administracion Portuaria Integral de Lázaro 
Cárdenas, 2018)  ranking 14th in Latin America and 
the Caribbean according to the Comisión Económica 
para América Latina y el Caribe (CEPAL)  (Comisión 
Economica para América Latina y el Caribe, 2018) . 

t is also important to note that cutting-edge 
technological systems and mechanisms have 
been introduced at this customs office, indicating 
technological advancements. It is even part of the 
Customs Technological Integration Program (PITA)  
(Servicio de Administración Tributaria, 2016) . It 
plays a key role as a link between Asia and North 
America, reaching the main consumer centers. The 
physical and geographical characteristics of the 
port make it a viable alternative for cargo movement 
and a strategic logistics hub to serve this growing 
market  (Administracion Portuaria Integral de 
Lázaro Cárdenas, 2018) . 

However, while the relevance of the Lázaro 
Cárdenas customs office for customs management 
studies is acknowledged, it is necessary to verify 
the effect of modernization reforms to determine 
whether they actively contribute to the efficiency 
of its management and administration related to 
the functions of auditing, trade facilitation, and tax 
collection. Given the importance of foreign trade to 
Mexico and the key role of this customs office, it is 
essential to address questions such as: 
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How much of the improvements in customs 
functions can be attributed to reforms in public 
service, technological changes, and infrastructure 
at the Lázaro Cárdenas customs office? Is there a 
balance between the role of customs management 
in facilitating trade and the need for control in the 
context of increasing reduction of international 
trade barriers, regional integration mechanisms, 
and free trade agreements? 

The aim of this study is to apply the measurable 
model of customs modernization with observed 
variables through surveys (Reyes, 2021) at the Lázaro 
Cárdenas customs office in Michoacán to study the 
best practices of modernization and their effect on 
the core functions of its management.   

2. Theoretical-conceptual development
Customs modernization and substantive 
functions of customs management 

By their nature, public customs administrations 
are not exempt from the principles of New Public 
Management (NPM). On the contrary, the World 
Trade Organization (WTO) and the World Customs 
Organization (WCO) regard the management and 
functions of customs worldwide as a crucial link in 
the global supply chain due to customs' determining 
role in foreign policy, economic development, 
international trade flows, and national security 
(Reyes, 2021). 

The main strategic factors currently influencing 
customs administrations are related to the increase 
in international trade volume, trade liberalization, 
new international standards, the proliferation of 
regional trade agreements, significant changes in 
traditional trade patterns, and the rise in the number 
of participants. Additionally, the emergence of 
new logistics and supply chain models, the rise of 
transnational organized crime networks, borderless 
security threats, and growing concerns about 
public health and the environment also play a role 
(Gordhan, 2017). 

As a result of these factors, customs administrations 
have implemented various responses to different 
degrees ranging from comprehensive reforms to 
more minor adjustments, as noted by Gordhan 
(2017). 

Indeed, the priorities arising from foreign trade in 
Mexico have led to a shift from a revenue-oriented 

auditing approach to a facilitative approach with a 
stronger focus on the protection of other collective 
legal goods safeguarded by the state, such as 
national security, public health, animal and plant 
health, and the environment. 

As stated by Shujie and Shilu (2009), the most 
important milestones that have driven customs 
modernization are the Revised Kyoto Convention 
and the SAFE Framework of Standards to Secure 
and Facilitate Global Trade from the World Customs 
Organization (WCO), from which the so-called 
best customs practices can be identified. These 
are defined as: “...simple and effective procedures 
designed to provide the highest level of facilitation 
for customs operations involving goods and 
passengers, as well as various special procedures” 
(Trejo, 2007). 

Authors such as Coyle, Cruthirds, Naranjo, and 
Nobel (2014), Gwardzińska (2012), and the World 
Bank (2017) conclude that best practices in customs 
matters can be summarized through six constructs: 
infrastructure, procedures, technology, time 
orientation, cost, and mission. These constructs 
enable the development of a theoretical model 
for world-class customs, incorporating the best 
practices that customs administrations should 
follow in pursuit of modernization to enhance their 
core functions. 

However, based on the research conducted by 
Reyes (2021) to develop the construct of customs 
modernization, it is considered that the components 
of mission, time orientation, and cost, together with 
simplified, efficient, and risk-based procedures, 
constitute the "public function" dimension. This 
dimension is understood, as expressed by Rozas and 
Hantke-Domas (2013), as: 

...an essential function of the state, exercised through 
norms established in the legal system, referring to 
specific activities related to the legislative process, 
administration of justice, management of the state 
apparatus, national defense, law enforcement, fiscal 
and tax administration, and certification, among other 
similar essential and mandatory functions (p. 46). 

The public function, by ensuring more efficient 
use of available resources and greater agility in 
operations, impacts both trade facilitation and 
auditing functions. Additionally, it significantly 
affects auditing and revenue collection functions 
by improving compliance with tax obligations 
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related to non-tariff regulations and restrictions 
and enhancing the capacity to detect acts leading to 
infractions and crimes committed by traders. 

Regarding technological changes, Barahona 
(2002) states that the most advanced customs 
administrations have automated the majority of their 
processes, thus reducing paper usage through the 
digitalization of operations. The use of the internet 
to receive declarations and disseminate information 
enables intense electronic communication among 
customs offices and the application of computerized 
data analysis models (p. 305). 

On this basis, Reyes (2021) argues that technological 
changes also have a significant effect on customs 
functions. By allowing for the processing of 
larger volumes of information, they enable the 
effective development of risk management, and 
consequently, the streamlining and increased 
efficiency of customs procedures, resulting in 
better overall management. He also acknowledges 
a relationship between technological changes and 
the public function. 

Finally, the aforementioned author considers that 
technological changes, together with the customs 
public function, will affect both auditing and trade 
facilitation. He supports this claim by referencing 
Widdowson (2007), who states that the use of 
technology and risk management will allow customs 
administrations to focus on high-risk areas and, 
as a result, ensure more efficient use of available 
resources, improve the ability to detect infractions 
and crimes committed by traders and travelers who 
fail to comply with their obligations, and provide 
faster processing for users who comply with tax 
regulations. 

The position assumed by Reyes (2021) is that 
customs modernization is represented through 
three interrelated dimensions: public function, 
technological changes, and infrastructure, which 
significantly impact the essential functions of 
the modern customs system: control, revenue 
collection, and trade facilitation an approach 
adopted in this study. 

In studies on the effects of customs modernization, 
including those by Barahona (2002), Basaldúa 
(2007), Trejo (2007), Grainger (2008), Cipoletta, 
Pérez, and Sánchez (2010), Zake (2011), Coyle 
et al. (2014), Davaa and Namsrai (2015), Morini 
(2015), and Reyes (2021), the relationship between 

modernization and the substantive functions of 
customs management reveals several benefits, 
such as: improved voluntary compliance; increased 
speed and quality of service; access to new sets of 
skills, tools, and methods; simplified processes 
and procedures; enhanced management discipline; 
measurement and transparency; capital investment 
instead of spending; increased revenue; greater 
institutional efficiency; reduced transaction costs; 
economic growth; and the ability to handle the 
growing volume of goods, which is also a driver of 
economic development. 

However, it is necessary to distinguish the specific 
case of customs in Mexico particularly in Lázaro 
Cárdenas, due to its importance to the country by 
identifying from which modernization dimension 
the impact on customs functions originates, and 
the resulting benefits. This distinction can help 
in the pursuit of greater efficiency in customs 
management, which improves as international trade 
transactions become easier, while maintaining strict 
fiscal and security controls required by international 
trade, and facilitating the commercial flow for the 
benefit of both the country and the global trading 
community (Cantens, Ireland, and Raballand, 2013). 

3. Methodology: mesurable model 
of customs modernization with 
variables  observed through surveys
In the case of the Lázaro Cárdenas customs 
office, a structural model is applied, following the 
recommendations of Coyle et al. (2014, p. 13) and 
Reyes (2021). The essential functions of the modern 
customs system are assumed as dependent (latent) 
variables: Oversight of foreign trade operations 
(FTO), Tax revenue collection from foreign 
trade (RCET), and Trade facilitation (FTF). The 
explanatory variables are: Public Function (PF), 
Technological Changes (TC), and Infrastructure 
(INF) (Reyes, 2021). 

The relationships between dependent and 
explanatory variables in the model are based on 
the matrix of relationships between best customs 
practices and the essential functions of Mexican 
customs, systematized by Reyes (2021) (Appendix 1). 

According to Hair et al. (1999), the development of 
this technique involves seven fundamental 
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steps, which are repeated interactively until the 
model achieves the best fit according to the  chosen 
strategy. These steps are followed in the present 
study: 

I. Develop a theoretically grounded model.  

II. Construct a sequence diagram of casual 
relationships.  

III. Convert the sequence diagram into a set of 
models and structural relationships.  

IV. Choose the input matrix and estimate the 
proposed model. 

V. Evaluate model identification. 

VI. Evaluate fit quality criteria.  

VII. Interpret and make possible modifications to 
the proposed initial model. 

Dependent variables and explanatory or 
independent variables  

Dependent variables refer to the customs functions 
listed below: 

Oversight of foreign trade operations (FA): A 
function of customs management that includes 
control of international traffic. It involves activities 
related to international trade agreements and 
treaties, such as rules of origin, preferential tariffs, 
intellectual property rights, and enforcement of 
tax provisions that trigger contributions other than 
customs taxes. It also includes intelligent auditing, 
which requires reliable, accessible, and prudent 
information for building a data repository useful 
to all foreign trade actors. This oversight covers not 
only non-tariff or prohibited issues but also tariff 
and tax matters (Reyes, 2021). 

Tax revenue from foreign trade (RCEA): Not limited 
to collecting foreign trade taxes, but also includes 
other state contributions and revenues such as the 
customs processing fee and compensatory fees 
(Reyes, 2021). 

Trade facilitation (FCEA): Involves actions aimed at 
easing the flow of goods and reducing the costs of 
foreign trade operations and customs procedures in 
general (Reyes, 2021). 

Independent or explanatory variables are:  

Public Function (PF): Customs administration 
processes based on a reliable and accessible 

information system. This includes organizational 
schemes and anticipatory legal frameworks, new 
managerial tools and techniques, risk management, 
and procedures ensuring more effective use of 
available resources, greater capacity to detect 
violations and crimes, increased operational agility, 
and enforcement of tax obligations, regulations, 
and non-tariff restrictions (Reyes, 2021). 

Technological Changes (CTN): Represents a practice 
of customs modernization involving automation 
of processes, use of the internet for submitting 
claims and sharing information, computer-based 
data analysis models, electronic communication 
with foreign customs offices, and new information 
systems to control goods and combat tax evasion. 
Its implementation in risk management reduces 
corruption and illegal practices by operators, 
improves information generation and reception, 
and rationalizes, simplifies, and enhances the 
effectiveness of customs administrative procedures 
(Reyes, 2021). 

Infrastructure (INF): Encompasses modernization of 
buildings for commercial operations, ports, airports, 
roads, security infrastructure, improved working 
conditions, communication systems between 
customs offices, IT infrastructure, telephone and 
electricity services. Its implementation reduces 
cargo volume bottlenecks, improves global cargo 
movement efficiency, organizes infrastructure and 
equipment, and enhances information transmission 
capacity interrelated with technological changes 
(Reyes, 2021). 

PF, TC, and INF are the constructs of customs 
modernization and are represented as latent 
variables with interdependent relationships among 
them, as well as varying levels of effect on the 
dependent variables AFT, FTTC, and TFC. 

It is important to note that multiple relationships 
exist between customs modernization and the 
essential functions of modern customs (Reyes, 
2021), which can be summarized as follows: 

1. Oversight of foreign trade depends on 
administrative procedures, the use of 
information and communication technologies 
(ICTs), and infrastructure investments that 
facilitate management processes. 

2. Revenue collection is influenced by the quality of 
public management and the ability to estimate 
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the cost of imported godos even in contexts 
of tariff reductions as well as technological 
changes that not only impact the public function 
but also ease revenue processes and support 
infrastructure modernization at ports, airports, 
warehouses, roads, and buildings involved in 
trade opera tions. 

3. Trade facilitation depends on the public function 
in terms of compliance with commercial 
regulations, but this should not hinder 
technological and infrastructural reforms 
that allow the flow of goods while minimizing 
logistics costs. 

This model aims to relate the components of 
the customs modernization construct instead of 
treating them individually, evaluating them in terms 
of "best-in-class" performance (Coyle et al., 2015), 
and studying their impact on the core functions 
of customs management at Lázaro Cárdenas 

through a perception-based analysis that links both 
theoretical constructs. 

Associating essential customs management 
functions with reforms that led to best 
modernization practices is not trivial. Attempting 
to explain these relationships helps not only to 
understand how much improvement in customs 
functions can be attributed to best practices, but also 
to estimate the effect of reforms introduced in order 
to propose actions that strike a balance between 
trade facilitation and control and oversight. 

Table 1 presents the variables, hypotheses, and 
sequence diagram of causal relationships for the 
structural model of customs modernization using 
latent variables. The hypotheses correspond to the 
analysis of customs modernization practices in 
Mexico and the association between modernization 
constructs and the essential functions of modern 
customs. 

Table 1. Variables, hypotheses and sequence diagram of casual relationships

Source: Own elaboration based on Reyes (2018). 
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Once the theoretical model was developed and 
expressed in the form of a diagram, it was formally 
specified through equations (Hair et al., 1999). The 
data for the model were obtained from a sample of 
254 individuals based on a survey administered to 
people involved in various foreign trade operations 
at the Lázaro Cárdenas customs office, following the 
sampling criteria proposed by Palacios and Vargas 
(2012). 

The sample was determined using the criteria 
established by Palacios and Vargas (2012), who 
recommend the use of the tables published by 
Cohen (1998) and Green (1991). According to 
these authors, given the number of parameters to 
be estimated (ranging from 25 to 30), the sample 
should consist of at least 250 to 300 observations or 
completed questionnaires. 

The survey used was structured, and the instrument 
consisted of a questionnaire in which the items were 
rated on a Likert-type scale from 1 to 5 (1 = “very low 
perceived importance” to 5 = “very high perceived 
importance”), adapted from the proposal by León 
(2012). 

The subjects comprising the sample were former 
customs officials at the chief or sub-administrative 
level involved in customs auditing and merchandise 
clearance processes at the Lázaro Cárdenas customs 
office, as well as authorized agents from customs 
brokerage firms directly involved in the customs 
operational procedures under study, following the 
recommendations of Reyes (2021). 

Based on the questionnaire responses, the sample 
was characterized by variables such as gender, age, 
educational level, employing institution, level of 
government, and years of experience in the public 
customs sector.

4. Discussion and argumentation: 
results of  the measurable customs 
modernization model with observed 
variables through surveys
In this study, the AMOS (Analysis of Moment 
Structures) software (Arbuckle, 1994), version 21.0, 
integrated with SPSS of the same version, was used. 

Data entry was conducted using tabulated or 
properly coded data in a spreadsheet within the SPSS 
statistical package. When used for this purpose, 

SPSS generates variance-covariance and correlation 
matrices for all indicators included in the model. 

Since all items in the survey questionnaire were 
answered, there were no missing data, resulting in a 
total of 254 valid completed questionnaires. 

Because the observed variables are ordinal as in this 
study, which employed a Likert scale and cannot 
be treated as continuous variables, the covariance 
matrix cannot be calculated as a measure of 
association, as it would not accurately estimate the 
relationships among the variables. Thus, alternative 
yet robust methods must be employed (Díez, 1992). 

Consequently, the Generalized Least Squares (GLS) 
estimation method was used in this model, based 
on Díez’s (1992) criteria, as it is appropriate for the 
analysis of dichotomous or ordinal variables. The 
variances of the latent variables were fixed at 1.0. 

Once the valid questionnaires were entered into the 
model, and in pursuit of a better model fit given the 
small effect of the infrastructure construct on Public 
Function that relationship was removed from the 
causal relationship sequence diagram presented in 
Table 1. 

Normality was analyzed, and the distributional 
characteristics of individual variables were assessed 
(Hair et al., 1999). A fundamental assumption 
of multivariate analysis is data normality. Thus, 
skewness and kurtosis analyses were conducted, 
along with statistical normality tests. The skewness 
values were below 2 and kurtosis values below 10 
(Kline, 2015), indicating that the data are normally 
distributed. 

There were no signs of negative error variances; the 
variances explained by the observed variables fell 
within permissible ranges, as did the standardized 
parameter estimates and their corresponding 
standard errors. No coefficients close to or exceeding 
1 were observed¹.  

Simultaneously, model fit criteria were analyzed 
based on degrees of freedom, which are defined as 
the difference between the number of correlations or 
covariances and the effective number of coefficients 
in the proposed model (Hair et al., 1999). 

The model has 24 degrees of freedom. Additionally, 
the ratio of Chi-square to degrees of freedom (χ²/

¹ During the estimation process, illogical results may occur that 
represent identification problems in the structural model, known as 
offensive estimates, such as standardized beta coefficients with values 
very close to or greater than one.
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df), known as the normed chi-square, had a value 
of 2.76, which falls within the acceptable range 
according to recommendations ranging from as 
high as 5.0 (Wheaton et al., 1977) to as low as 2.0 
(Hooper et al., 2008). The statistical significance 
level is 0.00, indicating an adequate model fit. 

If there is a good fit, it indicates empirical evidence in 
favor of the theoretical model. The most commonly 
used and basic fit indices considered were the 
Comparative Fit I ndex (CFI), the Goodness of Fit 
Index (GFI), and the Root Mean Square Error of 
Approximation (RMSEA). 

In practice, an RMSEA value close to 0 indicates an 
excellent fit; a value between 0.05 and 0.08 indicates 
a satisfactory fit; and a value above 0.10 indicates a 
poor fit. For GFI, CFI, and the Adjusted Goodness of 
Fit Index (AGFI), values close to 1 indicate a good fit, 
while values below 0.85 indicate a poor fit (Palacios 
and Vargas, 2012). 

In this model, the RMSEA value was 0.08 with a 
significance level (P-close) of 0.01 (RMSEA values ≤ 
0.1 indicate an acceptable fit) (Romero and Babativa, 
2016). The Root Mean Square Residual (RMR), 
used to measure how well the model estimates the 
covariance matrix, had a value of 0.03, indicating a 
good fit (Byrne, 1998; Diamantopoulos and Siguaw, 
2000). 

The index results were: GFI = 0.94 (this goodness-
of-fit index, when approaching 1, indicates a perfect 
fit), and AGFI = 0.90. These results confirm a 
satisfactory fit, and thus the proposed model is 
considered acceptable (Kenny, 2015). 

Effects among modernization components at 
the Lázaro Cárdenas customs office 

Table 2 presents the standardized direct and total 
coefficients between the components of customs 
modernization, obtained from the results using 
the AMOS software. In all cases, the relationships 
are significant, with p-values less than 0.05 (Kenny, 
2015). 

Table 2. Total standardized coefficients among 
components of customs modernization

Source: Own elaboration based on AMOS results.

The first result observed is that the direct effect 
of Technological Changes on Infrastructure and 
Public Function is positive. In the first case, the 
standardized coefficient of 0.42 (p < 0.05) indicates 
a medium positive effect of Technological Changes 
on Public Function. In contrast, the total effect 
(0.58, p-value 0.00) of Technological Changes on 
the Infrastructure construct is classified as large 
(Kline, 2015).

The results show that the innovative and 
modernization drive in customs management, 
together with technological changes, despite 
structural adjustments in both systems and 
procedures, tends to impact infrastructure. 

To explain this behavior from a theoretical 
perspective, it is important to consider that 
technological changes represent a practice of customs 
modernization that integrates into the public 
function of customs through process automation, the 
use of the internet to receive claims and disseminate 
information, the application of computerized data 
analysis models, among othersfactors which in turn 
affect IT, technological, transport, and operational 
equipment infrastructure. 

Despite the absence of a theoretical stance regarding 
which relationship produces a greater effect in the 
cases mentioned above, the study conducted at the 
Manzanillo customs office reported coefficients 
of 0.37 and 0.73, respectively (Reyes, 2021), which 
shows a behavior similar to that obtained in Table 2 
for the customs office under study. 

One argument to explain this behavior at the Lázaro 
Cárdenas customs office is that the technological 
changes implemented during the period 2003–2021, 
although they have contributed to the streamlining 
and simplification of management procedures, 
have had a significant effect on infrastructure 
optimization through the Comprehensive Model 
Customs Infrastructure project applied as part of 
the Customs Modernization Plan (General Customs 
Administration, 2008). 

In this same vein, the adoption of foreign trade 
information systems and mechanisms introduced 
at the customs office through the² employed 
technologies that offer ease of operation, data 
integrity, and information security. In this way, they 

² Currently, the Proyecto de Integración Tecnología Aduanera (PITA) 
is being implemented, which integrates the Sistema Automatizado 
Aduanero Integral (SAAI) and the Módulo de Administración Tributaria 
del Comercio Exterior (MATCE).
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influence Public Function as mediated by reforms 
in security infrastructure, information technology, 
and communications, progressively increasing the 
capacity for information transmission and reception, 
as well as the streamlining and simplification of 
procedures. 

These effects highlight the transparency of customs 
operations, expressed in the maximum amount of 
information available to all users and intermediaries 
regarding current tariffs and duties, valuation 
procedures, tariff classification criteria, restrictions 
and prohibitions applicable to the import and 
export of goods, potential sanctions, and available 
remedies, among others. 

Effects of modernization on the functions of 
customs management at the Lázaro Cárdenas

The second result is related to the effects of best 
modernization practices at the Lázaro Cárdenas 
Customs Office on its core functions, as shown 
through the standardized total coefficients 
presented in Table 3.

The results show the following effects: 

1. Reforms in the Public Function positively 
influence the three core functions of customs. 
This is expressed in standardized regression 
coefficients that, being greater than 0.5, indicate 
large effects. 

The Public Function influences the auditing 
function through a more professional organization 
that makes intensive use of information technology, 
new procedures and management tools, agile, 
modern and flat structures, intensive use and 
distribution of information and international 
exchanges, automation of customs declaration 
processes, and strengthening of human capital. 

An analysis from the perspective of management 
carried out by the Lázaro Cárdenas customs and 
port, as part of modernization and with the aim of 
adapting to the needs of international trade without 
neglecting its auditing authority, shows important 
actions and results, as detailed below. 

First, the introduction of more effective procedures, 
increased capacity to detect violations and crimes 
committed by traders, more skilled human resources 
with appropriate profiles, improvements in risk 
management to focus inspections on potentially 

non-compliant operations (and thus violating the 
legal framework), among others.

Table 3. Standardized total coefficients between 
components of customs modernization and 
functions.

Source: Own elaboration based on AMOS results. 

According to the Ministry of Communications 
and Transport (Secretaría de Comunicaciones y 
Transportes, 2018), the customs modernization 
project carried out between 2014 and 2018 enabled 
the auditing, monitoring, and control of the 
entry and exit of goods, as well as the means of 
their transportation, ensuring compliance with 
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foreign trade regulations. It featured the following 
additional characteristics: 

• Docks to achieve 90 inspection positions for 
foreign trade cargo. 

• A maneuvering yard with a 11,033.00 m² hydraulic 
concrete area. 

• A forklift platform with a 2,245 m² area. 

• Hydro-sanitary and electrical installations. 

• Emergency stations. 

• A 2,245.00 m² metal structure supported by 24 
round hydraulic concrete columns, 60 cm in 
diameter. 

• Installation of gamma-ray inspection equipment. 

 The most significant results were that with the new 
inspection positions for foreign trade cargo, 1,115,452 
TEUs³ were processed in 2016 and 1,149,079 in 2017. 
Additionally, a capacity was created to handle up to 
four million TEUs. 

As a result of these measures, the port recorded a 
31% growth in automotive cargo handling, managing 
460,959 units by December 2021, surpassing the 
351,993 units handled during the same period 
in 2020. Of the total handled, 49% were export 
vehicles, 48% were import vehicles, and 3% were 
transshipment vehicles. 

In the same report, the National Port System 
Administration reported that exports increased by 
23% and imports exceeded 35%. The port became 
the first specialized terminal for vehicle handling 
in Mexico and achieved a 96% share of total new 
vehicle operations in Mexican Pacific ports, 
maintaining global competitiveness.

In this line of analysis, the effect on trade facilitation 
is attributed, according to the theoretical arguments 
of Reyes (2021), to changes in fraud risk analysis, 
random and selective inspections, post-clearance 
audits that do not hinder trade flows, clear and 
transparent procedures made available to all, a 
drastic reduction in inspections, a harmonized 
classification system, and simplification of 
declarations all of which are part of current customs 
practices. 

This is confirmed in practice by the fact that in 2021, 
the port opened a fourth service module to expedite 
container transportation. This measure represents 
a 33% increase in inspection capacity with the aim 
of facilitating ground freight transport operations 
within the port facilities, simplifying the reception 
and dispatch of goods, promoting space availability 
at the terminals, and ensuring a constant flow of 
freight transportation for dispatch (Administración 
del Sistema Portuario Nacional Lázaro Cárdenas, 
2022). 

The effect of Public Function on revenue collection 
stems from new methods of collecting non-customs 
taxes due to the gradual reduction of tariffs and the 
implementation of administrative regulations in 
favor of importers and exporters for goods clearance 
procedures, which reduce import and export costs. 

These methods have simplified the payment of 
tariffs, taxes, and fees and customs operations at the 
Lázaro Cárdenas customs office. This explains the 
effect of the Public Function on revenue collection, 
which is evidenced by the trend in the revenue flow 
shown in Graph 2 of this study. 

I. The direct and positive effects of technological 
reforms, mainly resulting from advances in digital 
technologies and the reduced cost of communications, 
have a favorable influence greater than that of changes 
in the Public Function and with no significant 
differences across the three core customs functions. 
Regression coefficients of 0.70, 0.68, and 0.73 for 
auditing, revenue collection, and trade facilitation, 
respectively, indicate that technology has significantly 
contributed to the effective administration of customs 
and its operations, as it has been widely integrated into 
modernization efforts. 

From a theoretical perspective, Reyes (2021) links 
technological changes to the auditing of foreign 
trade operations through electronic systems and 
mechanisms such as the SAAI (Automated Customs 
System), the Electronic Customs System (SEA), the 
Single Window for Foreign Trade (VUCE)⁴, the 
MATCE, the Single Customs Clearance Document 
(DUNIC), the FAST and Express lanes, process 
reengineering, and the paperless customs system 
due to automation processes. These changes, 
in turn, have created new customs facilities, 
resumption of activities, partnerships for secure 

³ A twenty-foot equivalent unit, meaning this unit represents the length 
of a container which is equivalent to 6 meters, and it is the unit used 
internationally for cross-border trade. ⁴ They began in 2012 at all customs offices in Mexico. 



Reyes Real et al. Customs management and its modernization: an analysis using structural equations 
at the Lázaro Cárdenas customs office, Mexico

Interdisciplinary Faculty of Economic and Administrative Sciences
El saber de mis hijos
hará mi grandeza”

e-57

trade, harmonization of criteria, and extended 
service hours.

The main technological changes at the Lázaro 
Cárdenas customs office to audit and facilitate 
foreign trade include: 

• MATCE was launched in 2016 with the purpose 
of providing and maintaining IT solutions to 
help reduce taxpayer service times, ensure the 
operational continuity of systems supporting 
tax collection, foreign trade, and internal 
operations; evolve operational continuity 
services to increase productivity and handle 
more services at lower costs and in less time; 
and implement quality assurance in internal 
and provider services. 

• The PITA program is an expression of the 
technological changes aimed at trade facilitation 
and, consequently, revenue collection (Reyes, 
2021). In the case of the Lázaro Cárdenas customs 
office, a pilot program was launched considering 
that it was not only about introducing technology 
into the customs process, but also about 
conducting a deep review of it to automate and 
make it transparent, thereby facilitating trade. 
In this regard, DODA-PITA tests began in 2020 
(Gomsa Logística, 2020). Combined with the 
previously mentioned technological changes, 
these tests have significantly increased import 
and export operations, as shown in Graph 1 
analyzing the indicators. 

In summary, the technological reforms implemented 
have produced changes in the information system 
to control goods and combat tax evasion, with a 
consequent effect on auditing and trade facilitation 
through (Servicio de Administración Tributaria, 
2020): 

• Automated procedures for on-site and post-
clearance control. 

• Use of non-intrusive inspection mechanisms. 

• Automation of tax obligation procedures. 

II. Lastly, reforms in technological, communication, and 
physical infrastructure have a direct and positive effect 
first on revenue collection, second on auditing, and 
finally, although still significant, on trade facilitation. 
This is reflected in the high observed regression 
coefficients of 0.85, 0.75, and 0.65, respectively. The 
indirect influence of technological changes on these 

functions occurs in the same order, as a medium effect 
(0.49, 0.43, 0.37). 

From a theoretical standpoint, the relationship 
between infrastructure as one of the best 
modernization practices and the main customs 
functions is discussed from a broad perspective by 
Reyes (2021). First, the link with auditing is evident 
in management infrastructure, such as equipment, 
operational buildings, service and administrative 
infrastructure, and IT systems. Second, the 
connection with trade facilitation includes, in 
general, IT and technological infrastructure. Lastly, 
transportation infrastructure aimed at increasing 
the volume of international cargo and reducing 
operational costs including ports, airports, 
warehouses, road systems, among others is directly 
related to the revenue collection function. 

This is evidenced in the case of the Lázaro Cárdenas 
customs office and port, where significant changes 
in infrastructure have taken place. On this matter, 
the General Customs Administration, through its 
Central Administration for Customs Equipment and 
Infrastructure, reported that for the period 2007–
2012, modernization efforts related to infrastructure 
produced the following outcomes (Servicio de 
Administración Tributaria, 2020):  

• The customs office was equipped with an 
infrastructure project located in the northern 
area of the Lázaro Cárdenas port, which has 
been completed. 

• During the period, new customs facilities 
were inaugurated, including operational and 
administrative areas, inspection facilities, and 
inspection equipment for foreign trade goods, 
allowing foreign trade companies to carry 
out import and export procedures at a single 
location. Among the improvements: 

• The capacity of the inspection platform was 
expanded,

• new operational and administrative facilities 
were built,

• new control booths, as well as access and exit 
lanes for road transportation and inspection 
equipment, were installed,

• the customs office was enabled to carry out 
foreign trade clearance procedures more 
efficiently,
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• due to its location (entry and exit point of 
the Lázaro Cárdenas port), it allows foreign 
trade companies to conduct import and 
export procedures at a single site. 

For the years 2018 and 2019, there are records of 
public works investments in the customs office and 
the port in real estate, infrastructure, and ongoing 
construction projects, amounting to 236,668,733 
and 421,323,673 pesos, respectively (Administración 
Portuaria Integral de Lázaro Cárdenas, 2019).

In 2021, the customs office opened a fourth service 
module to streamline the transportation of full 
import containers. This measure represented a 33% 
increase in inspection capacity and was implemented 
to facilitate ground freight operations within the 
port facilities. It aimed to simplify the reception and 
dispatch of goods, improve the availability of space 
at the terminals and customs office, and ensure a 
constant flow of cargo transportation for clearance. 

From the perspective of the performance of the 
indicators related to the customs trade facilitation 

function (FCEA) and foreign trade tax revenue 
collection function (RCEA) proposed by Reyes 
(2021), there is evidence of real improvements as 
a result of the reforms and the set of best customs 
practices analyzed. 

Data regarding the total value of operations for the 
period 2012–2021 which includes both imports and 
exports are presented in Graph 1. This represents 
one of the main indicators of FCEA.

The graph shows growth in the total value of 
operations over the period; however, due to the 
economic crisis resulting from the health emergency 
caused by COVID-19, there was a significant decrease 
in December 2020, mainly due to the decline in 
export value. 

In 2021, a renewed increase in this indicator can 
already be observed. 

Regarding the cash flow revenue from foreign trade 
at customs, which represents the main indicator of 
RCEA, its behavior is shown in Graph 2.

Graph 1. Total value of operations at the Lázaro Cárdenas customs office, 2012–2021 (monthly) (Millions 
of pesos). 

Source: SPSS v. 22 output based on data from the Ministry of Finance and Public Credit (2022). 
Note: The value of imports refers to the customs value of the goods, whereas the value of exports corresponds to the commercial value of the goods. 
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During the analyzed period, revenue shows growth 
despite a decline in 2020 caused by a reduction in 
operations and their value, as previously mentioned. 
In March 2021, revenue began to increase again 
within the context of the country’s economic 
recovery.

5. Conclusions 
Customs modernization, conceived as a public 
function involving technological and infrastructure 
changes, aims to establish a balance between the 
customs functions of control and collection of fiscal 
revenues and the facilitation of foreign trade. 

The “model customs” program and the customs 
modernization plan 2007-2012, along with port 
development programs and the electronic systems 
and mechanisms applied in Mexico, have been 
the main avenues contributing to the facilitation, 
simplification, and automation of foreign trade, as 
well as to the efficiency of customs administration 
control and oversight tasks. 

According to the master plan (Secretariat of 
Communications and Transport, 2018), the 

Integral Port Administration of Lázaro Cárdenas 
has been empowered to promote comprehensive 
development, aiming to become one of the most 
important ports in Latin America, both industrially 
and commercially. 

As a result of the program, the necessary conditions 
were established for a dynamic and efficient flow of 
cargo handling, which in turn contributes to the high 
and sustained growth of the regional and national 
economy. This reflects the changes in customs 
modernization, particularly in administrative 
processes, automation, technological changes, and 
infrastructure. 

The study of best practices in the modernization of 
the Lázaro Cárdenas Customs and their effect on its 
management functions through SEM corroborates 
that: 

a) Customs is no longer limited to collecting taxes 
at borders but has become the manager of all state 
functions related to border crossings, such as 
trade facilitation, control, and oversight. 

b) There is a positive and significant effect of best 
practices in customs modernization on the three 
essential functions recognized by the theoretical 

Graph 2. Cash flow revenue at Lázaro Cárdenas Customs Office, 2006–2021 (monthly, in millions of pesos). 

Source: SPSS v. 22 output based on data from the Ministry of Finance and Public Credit (2022). 
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model applied. The behavior of foreign trade 
operations and revenue indicators during 2006-
2021 confirms this. 

c) Although there are no significant differences 
in the effects of customs modernization reforms 
on its functions, results suggest that the impact 
on oversight of foreign trade operations mainly 
comes from infrastructure and technological 
reforms. 

d) Public function reforms act directly on revenue, 
then on trade facilitation and oversight. In contrast, 
technological and infrastructure changes have a 
greater impact on facilitation, oversight, and lastly 
revenue. Infrastructure’s effect is the opposite, 
impacting revenue collection most strongly, 
followed by oversight and trade facilitation. 

The behavior of the Trade Facilitation and Tax 
Revenue indicators at Lázaro Cárdenas confirms 
the changes in modernization and their effects on 
the essential functions of modern customs in the 
context of Mexico. 

The results express efficiency in customs 
management, which will continue to make Lázaro 
Cárdenas a competitive port that generates better 
services and immediate comprehensive solutions 
for the economic growth of the sector. 
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Appendix
Appendix 1. Relationship between best customs practices and essential customs functions in the context 
of Mexico

Source: own elaboration based on Reyes (2021). 
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Abstract
The article aims to explore and build a quantitative 
analysis of tourism competitiveness for Bahía de 
Kino Sonora, based on the perceptions of local 
actors involved in tourism. In recent years, this 
police station became one of the tourist destinations 
in	Sonora	with	the	highest	influx	of	visitors	due	to	
its proximity to Hermosillo, the capital of the State 
and the United States, the natural attractions and 
the real estate development built on second homes. 
To obtain the index, a quantitative instrument 
was designed that consisted of 60 items, most of 
them	on	a	Likert	scale,	a	convenience	sample	was	
applied to 120 people dedicated to the tourism 
industry: service providers, hotel employees, 
shops, restaurants, promoters, tourism students, 
public	officials,	among	others.	The	variables	used	
in	 the	different	 analyzes	 include:	 tourism	supply,	

tourism promotion, human resource training and 
tourism in general. The data was processed using 
the SPSS version 21, EQS 6.1 software in order to 
carry out reliability tests, and to carry out the 
exploratory	and	confirmatory	quantitative	analysis	
for the validation of the instrument. Finally, the 
corresponding correlations were made to average 
the tourism competitiveness index.

Keywords: Quantitative analysis, Tourism, 
Competitiveness

Resumen
El artículo tiene por objetivo, explorar y construir 
un análisis cuantitativo de la competitividad 
turística para Bahía de Kino Sonora, a partir de las 
percepciones de los actores locales que participan 
del turismo. Esta localidad  se constituyó en años 

 Date approved: September 7, 2022Date received: May 20, 2022

This	work	is	protected	under	a	Creative	Commons	Attribution-
ShareAlike	4.0	International	License. e-58



REVISTA VÉRTICE UNIVERSITARIO   |   Year 24, Number 93  |   January-December 2022   e-58

UNIVERSIDAD DE SONORAVértice Universitario

ISSN: 2683-2623

recientes en uno de los destinos turísticos de 
Sonora	 con	 mayor	 afluencia	 de	 visitantes	 debido	
a su cercanía con Hermosillo la capital del Estado 
y los Estados Unidos, los atractivos naturales y el 
desarrollo	 inmobiliario	 fincado	 en	 las	 segundas	
residencias. Para la obtención del índice se diseñó 
un instrumento cuantitativo que constó de 60 
preguntas, la mayor parte de ellos en escala de 
Likert,	se	aplicó	un	muestreo	a	conveniencia	a	 120	
personas dedicadas al ramo turístico: prestadores 
de servicios, empleados de hotel, comercios, 
restaurantes, promotores, estudiantes de turismo, 
funcionarios públicos, entre otros. Las variables 
utilizadas en los diferentes análisis abarcan: oferta 
turística, promoción turística, formación de 
recursos humanos y el turismo de forma general. 
Los datos se procesaron utilizando el software 
SPSS	versión	21,	EQS	6.1	con	la	finalidad	de	realizar	
pruebas	 de	 confiabilidad,	 y	 hacer	 el	 análisis	
cuantitativo	 exploratorio	 y	 confirmatorio	 para	 la	
validación del instrumento. Por último, se hicieron 
las correlaciones correspondientes para promediar 
el índice de competitividad turística. 

Palabras Clave: Análisis cuantitativo, Turismo, 
Competitividad   

1. Introduction
Globally, tourism is one of the most increasingly 
relevant sectors of economic activity at the 
international, national, and regional levels. In this 
context, it is important to analyze the tourism 
competitiveness of local tourist centers. Based 
on this premise, it is necessary to determine how 
competitive	 local	 environments	 linked	 to	 tourism	
actually are. Conceptually, tourism competitiveness 
is understood as the ability of a tourist destination 
to generate the necessary attractions for tourists 
to	enjoy	a	high-quality	tourism	offer.	This,	in	turn,	
creates	significant	economic	spillovers,	which	refers	
to	the	quantification	of	the	total	average	monetary	
value, according to Secretaría de Fomento al Turismo 
(SEFOTUR,	 2012–2018).	 These	 benefits	 manifest	
in terms of revenues for tourism-related economic 
units and expenditures by tourists, ultimately 
fostering a sense of belonging among visitors. The 
competitiveness of a tourist destination contributes 
to	greater	growth	across	different	economic	variables	
associated with tourism (Siles, 2016).

Moreover, it is necessary to analyze competitiveness 

at the local level due to its implications for 
the design of public policies from within the 
destinations themselves. This type of analysis 
can contribute to the reduction of negative social 
impacts generated by tourism and, conversely, 
promote the development of infrastructure and 
the improvement of tourism services. Additionally, 
competitiveness entails attracting and encouraging 
private and foreign investments that generate 
employment, foster a tourism-oriented identity, 
and	 offer	 diverse	 and	 appealing	 services	 for	
visitors—thereby strengthening tourism as a sector 
of economic activity.

Tourism	 competitiveness,	 as	 defined	 by	 Ritchie	
and Crouch (2000:137–152), refers to "the ability of 
a location to generate greater economic capacity 
and achieve sustained growth; in this way, the 
well-being of a place or region is achieved through 
the management of advantages and processes, 
attractions, aggressiveness, and proximity, 
integrating the relationships among these elements 
within an economic and social model." Tourism 
competitiveness	 is	 thus	 linked	 to	 the	 concept	 of	
a tourist destination. In this regard, González 
and Mendieta (2009:111–128) note that a tourist 
destination is "a geographical area with distinctive 
characteristics such as climate, culture, attractions, 
infrastructure, services, facilities, pricing, image, 
and management, all of which are positioned in 
the	 minds	 of	 consumers	 in	 market	 terms."	 The	
attributes of a tourist destination, in connection 
with competitiveness, are based on the natural and 
built resources it possesses, as well as the range 
of amenities and services intended to meet the 
needs of tourists or potential visitors. Ultimately, 
competitiveness is associated with the destination’s 
attractiveness factors (Montaño, Pérez, & De la O, 
2014).

Considering the above, the purpose of this study 
is to analyze the local competitiveness of a tourist 
destination undergoing development. It stems from 
the premise that empirical evidence on this topic 
exists mainly at the national or regional level, while 
studies at the local level remain limited.

Accordingly, this study poses two research questions: 
What	 factors	 could	 make	 Bahía	 de	 Kino,	 Sonora,	
a competitive destination at the regional level? 
And,	 what	 are	 the	 strongest	 and	 weakest	 factors	
that either hinder or facilitate the local tourism 
competitiveness? To answer these questions, 
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a research study was carried out, employing 
correlation	 coefficients	 as	 a	 basis	 for	 testing	 the	
hypothesis. The strength of the correlations was 
assessed as follows: very high 0.81–1.00, high 
0.61–0.80, moderate 0.41–0.60, low 0.21–0.40, and 
very low 0.00–0.20. The hypothesis is accepted 
when the correlation value is at least 0.61, with a 
significance	level	of	at	least	95%.	The	study	adopts	
a quantitative theoretical and methodological 
approach, which involved administering a survey to 
local	 stakeholders	engaged	 in	 tourism	promotion,	
tourism services, business owners and managers 
of	hotels	and	restaurants,	public	officials,	 tourism	
students, among others. In the quantitative analysis 
phase aimed at measuring the competitiveness 
index, a correlation analysis was conducted on 
tourism-related variables such as infrastructure, 
tourism promotion, human capital development, 
and complementary services. 

The objective of this article is to explore and develop 
a tourism competitiveness index for Bahía de Kino, 
Sonora, based on the perceptions of those involved 
in tourism activities. Bahía de Kino is considered 
one of the main tourist destinations in the state of 
Sonora.	This	study	seeks	to	contribute	to	knowledge	
on tourism competitiveness by addressing existing 
gaps on the subject at the local level in Mexico.

2. Tourism in the global, national and 
local context 
The Organizacion Mundial del Turismo (OMT) 
reported that Mexico rose from eighth to sixth place 
in international tourist arrivals, recording 39.3 
million tourists in 2017. This positioned the country 
ahead of destinations such as the United Kingdom, 
Turkey,	 and	 Germany.	 According	 to	 the	 OMT	
Tourism	Highlights	2018	Edition,	these	figures	also	
reflect	 a	 12%	 increase	 in	 the	 flow	of	 international	
travelers (OMT, 2019).

These	 data	 highlight	 the	 growing	 significance	 of	
tourism as a global economic activity. Currently, 
tourism	is	estimated	to	contribute	10%	of	the	global	
Gross Domestic Product (GDP), generate 1 in every 
11 jobs, account for 1.5 trillion dollars in exports, 
represent	7%	of	global	exports,	and	contribute	30%	
of services exports (OMT, 2019). In Mexico, tourism 
represented	8.7%	of	national	GDP	in	2015	(Sectur,	
2016).

Given such promising data, countries with a strong 
tourism orientation increasingly develop tourism 
development plans to attract more visitors each year. 
Mexico is an example of this, as it has implemented a 
series of plans, programs, regulations, and standards 
aimed at leveraging its tourism potential. These 
efforts	have	enabled	the	country	to	rank	among	the	
top 10 tourist destinations worldwide and to occupy 
the 22nd position in the Global Competitiveness 
Index for tourism, according to Foro Economico 
Mundial (FEM, 2017).

Understanding the social and economic context 
of Bahía de Kino is crucial due to its nature as a 
fishing	 village	 or	 comisaría, which, according to 
Article 197 of the Ley Orgánica de los Municipios 
(LOM), represents a decentralized administrative 
entity of municipal governments—in this case, the 
municipality of Hermosillo. One of the most evident 
issues is the scarcity of resources, which, when 
operating in a competitive and environmentally 
sustainable	tourism	framework,	often	neglects	the	
aesthetic aspects of the locality. 

Most economic activities in Bahía de Kino—whether 
through extraction, exploitation, or direct use—are 
dependent on coastal and marine natural resources. 
Fishing	 accounts	 for	 46.35%	 of	 the	 total	 local	
economic output, followed by trade and services at 
43.54%.	Although	the	industrial	and	artisan	sector	
only	 contributes	 9.59%,	 it	 plays	 a	 crucial	 role	 as	
these activities are widely practiced throughout 
the	town.	The	remaining	0.52%	comes	 from	other	
productive	activities,	including	livestock	and	family	
orchards (INEGI, 2010).

3. Tourism competitiveness
Hassan	 (2000:239)	 defines	 tourism	 destination	
competitiveness as “the ability of a destination 
to create value-added products that sustain its 
resources	 while	 maintaining	 market	 position	
relative to its competitors”. Similarly, D’Hauteserre 
(2000:23) describes destination competitiveness 
as	 “a	 destination’s	 ability	 to	 maintain	 its	 market	
position and share or enhance it over time”.

Within	 this	 framework,	 growing	 interest	 in	
identifying	 the	 key	 factors	 that	 determine	 the	
competitiveness of tourism destinations—
particularly the incorporation of sustainability as 
a strategic condition—has led to the development 
of various conceptual models (Mazaro & Varzin, 
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2008:790).

Scientific	 contributions	 indicate	 that	 interest	 in	
tourism competitiveness has evolved over time, 
as	evidenced	by	 the	work	of	 (Bravo,	2004;	Crouch	
and	 Ritchie,	 1999;	 Daskalopoulou	 and	 Petrou,	
2009; De Keyser and Vanhove, 1994; D’Hauteserre 
2000, Dwyer and Kim, 2003; Dwyer et al. 2000,  
2004;	 Enright	 and	 Newton,	 2004;	 Faulkner	 et	 al.,	
1999; Flores and Barroso, 2009; Garau, 2006; Go 
and Govers, 2000; Gooroochurn and Sugiyarto, 
2005; Hassan, 2000; Hong, 2009; Kim and Dwyer, 
2003;	Kozak	and	Rimmington,	1999;	Mihalič,	2000;	
Monfort,	1999;	Navickas	and	Malakauskaite,	2009;	
Pearce, 1997;  Poon, 1993; Ritchie and Crouch, 2000, 
2003; and Sánchez 2006).

Building upon these theoretical foundations, the 
key	contributions	of	major	tourism	competitiveness	
models have been analyzed, outlining their 
strengths and limitations. As Ritchie and Crouch 
(2000:5) assert, competitiveness is “illusory without 
sustainability”.

In this regard, Ritchie and Crouch (2003) argue that 
a competitive destination is one that promotes the 
highest possible level of well-being for its residents 
in a sustainable manner. Furthermore, they 
emphasize that a destination must be economically, 
ecologically, socially, culturally, and politically 
sustainable to be genuinely competitive (Ritchie & 
Crouch, 2003:49).

4. Methodology
The proposed model (see Figure 1) draws from the 
theoretical	 contributions	 of	 the	 most	 influential	
literature and authors associated with the concept 
of tourism competitiveness. It is presented as a 
perception-based	model	that	assesses	highly	specific	
aspects, incorporating various constructs and 
variables	with	a	degree	of	validity	across	different	
types of results. In this context, authors such 
as Crouch and Ritchie (1999) and Dwyer and Kim 
(2003) have developed leading global models of 
tourism	competitiveness.	Their	frameworks	include	
variables similar to those utilized in this study, 
which is why they are referenced as primary sources 
for	their	significant	theoretical	contributions	to	the	
global understanding of tourism competitiveness, 
particularly in Europe and the United States.

Fundamentally, the models proposed by 
these	 authors	 are	 based	 on	 four	 key	 variables:	
infrastructure, tourism promotion, human resource 

development, and complementary services. 
These variables were included as indicators in the 
instrument applied to residents involved in tourism-
related activities in Bahía de Kino.

According to Miguel et al. (2014), the 
conceptualization of tourism competitiveness 
in their model has a more regional focus, as their 
research and model for Mexico used regional 
indicators by state. 

Based	on	the	theoretical	framework	established	by	
these authors, the core of the problem statement 
and general objective is to correlate tourism 
competitiveness	 with	 the	 defined	 variables.	 This	
raises the question of why, in terms of tourism 
competitiveness, the locality of Bahía de Kino, 
Sonora, has undergone new forms of economic 
organization over time, driven by economic 
crises in Mexico. These crises have caused severe 
economic and social disruptions worldwide, and 
tourist	 destinations	 like	 Bahía	 de	 Kino	 have	 not	
been exempt. The impact of these economic crises 
persists	 today,	 and	 their	 effects	 remain	evident	 in	
the locality.

Although there is extensive literature on tourism 
competitiveness, most approaches are grounded 
in diverse and heterogeneous contexts. In contrast, 
the model proposed in this article has been scarcely 
researched and theorized—especially considering 
its	 focus	on	a	specific	tourism	 locality	 in	 the	state	
of Sonora.

Figure 1. Methodological model of tourism 
competitiveness in Bahía de Kino

Source: Own elaboration based on the tourism competitiveness and 

local sustainability survey of Bahía de Kino, analyzed using SPSS and 

EQS 6.1 software.
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The model proposed for obtaining the tourism 
competitiveness index was designed based 
on variables and indicators. To measure 
competitiveness, four variables were considered: 
tourism promotion, human resources, tourism 
infrastructure, and tourism and complementary 
services.	These	were	broken	down	as	follows:

Tourism promotion: Includes indicators related 
to	 promotional	 efforts	 by	 different	 levels	 of	
government, the private sector, service companies, 
travel agencies, among others.

Human resources and training: Includes indicators 
related to educational institutions that train 
personnel for the tourism sector, employee training 
in	tourism	services,	job	creation	linked	to	tourism,	
among others.

Infrastructure: Includes indicators related to roads, 
airports, marinas—elements that generally facilitate 
the mobility of tourists and local residents. This also 
includes foreign direct investment, national private 
investment, among others.

Tourism and complementary services: Includes 
indicators	on	the	sufficiency	of	hotels,	motels,	bars,	
restaurants, among others.

A survey-based instrument was designed consisting 
of 60 items. Each variable evaluated contained 
various indicators, which are detailed in (table 4) 
where	 most	 items	 were	 quantified	 using	 a	 Likert	
scale. The survey was conducted in the tourist 
locality during 2018 with a sample of 120 individuals. 
The instrument was administered to individuals 
involved in tourism and commerce, those 
responsible for tourism promotion in the public 
sector, and tourism students. Overall, the sample 
was selected to ensure participants had direct 
involvement with the tourism sector. A convenience 
sampling	approach	was	used,	aiming	to	reflect	the	
professionalization of human resources involved in 
tourism, as well as participation in the dimensions 
of infrastructure, mobility, and complementary 
tourism services.

The main assumption is that tourism competitiveness 
must exhibit a positive level of concordance 
among the variables that comprise it. Tourism 
competitiveness includes: the number of tourism-

related businesses, human resources and their 
professionalization, the complementary services 
associated with tourism, tourism promotion, and the 
level of infrastructure. A comparison was conducted 
among the correlation results of the aforementioned 
variables to determine their interrelations and the 
degree of correlation among them, which was used 
to derive the tourism competitiveness index for 
Bahía de Kino. From the proposed methodological 
model for measuring tourism competitiveness, 
exploratory	and	confirmatory	analyses	were	derived	
based on the data obtained through the quantitative 
instrument. The variables with the greatest impact 
on	 tourism	 competitiveness	 were	 identified,	 and	
coefficients	 obtained	 through	 SPSS	 version	 21	
were used to conduct reliability tests, exploratory 
analysis,	 and	 confirmatory	 analysis	 to	 validate	
the quantitative instrument. Finally, the relevant 
correlations were carried out to obtain Pearson 
correlation	 coefficients.	 These	 correlations	 are	
assumed to represent the tourism competitiveness 
index. This study has a correlational scope, as it 
was structured as a structural equation model. The 
instrument used was Encuesta Competitividad 
Turística en las Localidades Turísticas en el Norte 
de	México,	applied	to	120	participants	linked	to	the	
tourism sector. The survey was developed out of 
the need to measure the tourism competitiveness 
index at the local level based on the perceptions of 
stakeholders	involved	in	tourism	activities.

This case also incorporates the concept of 
benchmarking	applied	to	the	tourism	destination.	
As	proposed	by	Kozak	(2004),	this	approach	involves	
sensitivity	 to	 the	 identification	of	political,	 social,	
environmental, and technological opportunities. 
In the case of Bahía de Kino, the measurement of 
customer satisfaction falls outside the scope of this 
article. However, the social or sociodemographic 
variables of the respondents are presented in table 
1. Other variables—such as the political dimension, 
explained through tourism promotion from the 
perspective of local and state governments (see 
table 4), and the technological and environmental 
dimensions—are excluded from the research scope.

The sociodemographic characteristics of the Bahía 
de Kino residents who participated in the survey 
conducted in November 2018 are as follows:
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Table 1. Survey participant structure in Bahía de 
Kino.

Source: Own elaboration using the survey on tourism competitiveness 

and local sustainability in Bahía de Kino, analyzed with SPSS software.

4.1 Exploratory factor analysis: Bahía de Kino 
Case

In exploratory factor analysis, the primary goal is 
often to test the reliability of a statistical model 
through constructs and dimensions. In this case, 
the model of tourism competitiveness and local 
sustainability presents four constructs that, to some 
extent, demonstrate reliability; additional relevant 
values are also shown.

Table 2. Exploratory factor analysis of tourism 
competitiveness and local sustainability in Bahía de 
Kino

Source: Own elaboration using the survey on tourism competitiveness 

and local sustainability in Bahía de Kino, analyzed with SPSS software.

In general, the tourism construct presents a 
Cronbach’s	 Alpha	 of	 60.4%,	 indicating	 that	 the	

construct or dimension is reliable. To reinforce 
this reliability, eigenvalues greater than one are 
considered; in this case, there are three such values, 
explaining	53.44%	of	the	variance.	Additionally,	the	
KMO value is 0.75; the closer to one, the stronger 
the reliability, and Bartlett’s Sphericity is 276, which 
is acceptable.

The supply and infrastructure construct shows a 
Cronbach’s	 Alpha	 of	 72%,	 indicating	 reliability.	
Eigenvalues greater than one are considered, in this 
case	 two,	 explaining	 50.93%	 of	 the	 variance.	 The	
KMO value is 0.79, and Bartlett’s Sphericity is 289, 
also acceptable.

The tourism promotion construct presents a 
Cronbach’s	Alpha	of	71%,	confirming	its	reliability.	
One eigenvalue greater than one is considered, 
explaining	 65.32%	 of	 the	 variance.	 The	 KMO	 is	
0.629, and Bartlett’s Sphericity is 239, considered 
acceptable.

The human resources training construct has a 
Cronbach’s	Alpha	of	67%,	also	indicating	reliability.	
Two eigenvalues greater than one are considered, 
explaining	54.18%	of	the	variance.	The	KMO	value	
is 0.64, and Bartlett’s Sphericity is 44, considered 
acceptable (see table 2).

4.2 Confirmatory factor analysis: Bahía de Kino 
Case

In	 the	 confirmatory	 factor	 analysis	 of	 tourism	
competitiveness and local sustainability, it is 
confirmed	 that	 the	 measurement	 instrument	
indeed measures what it is intended to measure 
through six dimensions. In this case, the general 
model of tourism competitiveness provides the 
following	 results:	 the	Mardia	 coefficient	 is	 9.62%,	
which	is	greater	than	the	cutoff	point	of	7;	therefore,	
the robust method is used. The Satorra-Bentler chi-
square is 70.666 with 44 degrees of freedom and a 
probability	of	0.018%,	yielding	acceptable	goodness-
of-fit	 indices:	NNFI	at	90%	(the	closer	to	one,	the	
better),	 CFI	 at	 93%,	 RMSEA	 at	 6%	 (the	 closer	 to	
zero,	the	better),	and	Cronbach’s	Alpha	at	96%.

For the tourism variable in the general model, 
the following results were obtained: the Mardia 
coefficient	 is	 3.04%,	 below	 the	 cutoff	 point	 of	 7,	
so	 the	maximum	 likelihood	method	 is	 used.	 The	
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normalized chi-square is 1.884 with 3 degrees of 
freedom	and	a	probability	of	5.3%,	with	acceptable	
goodness-of-fit	indices:	NNFI	at	99%,	CFI	at	100%,	
RMSEA	at	0%,	and	Cronbach’s	Alpha	at	82%.	

The supply and infrastructure variable in the 
general model presents the following: the Mardia 
coefficient	 is	 4.44%,	 below	 the	 cutoff	 of	 7,	 and	
thus	the	maximum	likelihood	method	is	used.	The	
normalized chi-square is 0.401 with a probability of 
7.6%,	with	acceptable	goodness-of-fit	indices:	NNFI	
at	100%,	CFI	at	100%,	RMSEA	at	0%,	and	Cronbach’s	
Alpha	at	81%.

Tourism promotion, as presented in a general 
model, shows the following results: the Mardia 
coefficient	is	3.88%,	which	is	below	the	cut-off	point	
of	7;	therefore,	the	maximum	likelihood	method	is	
applied. In this way, the regular chi-square value is 
0.0050 with 1 degree of freedom and a probability of 
7.5%.	The	model	exhibits	acceptable	goodness-of-
fit	indices,	including	an	NNFI	of	100%	(the	closer	to	
one,	the	better),	a	CFI	of	100%	(the	closer	to	one,	the	
better),	and	an	RMSEA	of	0%	(the	closer	to	zero,	the	
better).	Cronbach’s	alpha	is	89%.

In the case of the variable “human resources 
training,” as presented in a general model, the results 
are	as	follows:	the	Mardia	coefficient	is	1.62%,	also	
below	 the	 cut-off	 point	 of	 7;	 thus,	 the	maximum	
likelihood	method	is	applied.	The	chi-square	value	
is 1.64 with 2 degrees of freedom and a probability of 

2.1%.	The	model	also	presents	acceptable	goodness-
of-fit	indices:	NNFI	at	100%	(the	closer	to	one,	the	
better),	CFI	at	100%	(the	closer	to	one,	the	better),	
and	RMSEA	at	0%	(the	closer	to	zero,	the	better).	
Cronbach’s	alpha	is	71%.

The model of local sustainability presents the 
following	 results:	 the	 Mardia	 coefficient	 is	 -3.5%,	
which	 remains	 below	 the	 cut-off	 point	 of	 7.	
Consequently,	 the	 maximum	 likelihood	 method	
is applied. The chi-square value is 6.75 with 5 
degrees	of	freedom	and	a	probability	of	2.2%.	The	
model	 demonstrates	 acceptable	 fit	 indices:	 NNFI	
at	98%	(the	closer	to	one,	 the	better),	CFI	at	97%	
(the	closer	to	one,	the	better),	and	RMSEA	at	3.8%	
(the closer to zero, the better). Cronbach’s alpha is 
48%.	This	variable	was	not	included	in	table	4,	as	its	
confirmatory	analysis	showed	a	negative	incidence	
(see table 3).

5. Analysis and discussion of results 
in Bahía de Kino 
Based	on	the	exploratory	and	confirmatory	analysis	
of the dimensions established in the measurement 
instrument, bivariate correlations were carried 
out	 to	 obtain	 Pearson’s	 determination	 coefficient.	
According	to	theory,	Pearson’s	coefficient	 is	useful	
for determining the tourism competitiveness index 
at the local level. This index is crucial for this 
study as it allows for the hypothesis to be tested. 

Table 3. Confirmatory	factor	analysis	of	tourism	competitiveness	and	local	sustainability	in	Bahía	de	Kino.

Source: Own elaboration using the survey on tourism competitiveness and local sustainability in Bahía de Kino, analyzed with SPSS and EQS 6.1 

software.
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The	 coefficient	 presents	 results	 for	 the	 various	
dimensions analyzed, and the index is derived from 
an average of the obtained correlations.

In	summary,	the	variables	that	make	up	the	 index	
include:1) tourism promotion, which involves 
federal, state, and municipal governments, as well 
as travel agencies and tour operators; 2) human 
resources training, encompassing all institutions 
providing education related to tourism; 3) 
infrastructure, referring broadly to all facilities 
and equipment available to tourists from arrival 
to departure; and, 4) complementary services; 
which are central to lodging, gastronomy, and retail 
services.

The study of tourism competitiveness is a tool for 
evaluating the main variables that comprise it. 
It also provides information useful for decision-
making,	 especially	 for	 improving	 public	 policies	
aimed at tourism, and for identifying strengths and 
weaknesses	to	act	accordingly.	

In this case, the evaluation of tourism competitiveness 
in Bahía de Kino displays the various correlations 
achieved by the variables when the model was run. 
This analysis serves as a basis to understand the 
development level of the destination and its current 
and potential economic capabilities. 

The research conducted is based on the analysis and 
weighting	 of	 four	 competitiveness	 factors	 defined	
by regional tourism competitiveness models, as 
outlined by authors such as Miguel et al. (2014). 
The hypothesis testing is performed through the 
correlation	coefficients,	 evaluated	as	 follows:	Very	
high 0.81–1.00, high 0.61–0.80, moderate 0.41–
0.60, low 0.21–0.40, and very low 0.00–0.20. The 
hypothesis is accepted if the correlation is 0.61 or 
higher,	with	at	least	95%	significance.

In	 table	 4,	 a	 breakdown	 of	 variables,	 indicators,	
and associated values that constitute the tourism 
competitiveness index of Bahía de Kino is 
presented. It highlights the highest values where the 
destination is strongest and the lowest values where 
weaknesses	remain.	The	weakest	components	of	the	
index are the complementary services, including 
lodging, gastronomy, and entertainment, which 
reflect	a	questionable	quality	of	 the	 tourism	offer.	
In the human resources variable, issues are evident 

regarding	the	lack	of	training	and	the	low	wages	of	
staff	working	in	tourism	services.

Table 4. Correlation of variable in the tourism 
competitiveness index of Bahía de Kino.

Source: Own elaboration with preliminary results from the tourism 

competitiveness and local sustainability survey applied in Bahía de 

Kino.

Based	on	the	specific	results	shown	in	table	4,	the	
first	 variable,	 tourism	promotion,	 consists	 of	 four	
indicators with the following Pearson correlations: 
.23 for state government promotion, .27 for 
municipal government, .32 for travel agencies, and 
.27 for tour operators.

Likewise,	 the	 variable	 human	 resources	 training	
presents correlations of .10 for employment, .12 for 
salaries, .16 for training, and only .19 for university-
provided education.

The infrastructure variable shows the highest 
correlation, with .49 for roads. Regarding airports, 
Hermosillo’s airport is used as a reference, with 
a correlation of .38. Private and foreign direct 
investment displays moderate correlations, one 
slightly below and one slightly above .50, indicating 
an	acceptable	but	still	insufficient	investment	level.
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Finally, the complementary services variable 
presents the most substantial indicators: .48 for 
hotels, .45 for restaurants, .28 for motels, and .18 
for bars—representing the lowest values in this 
category.

Based on general aspects of tourism—economic, 
social, environmental, and local experience—it 
is ultimately suggested that Bahía de Kino holds 
a privileged position due to its tourism potential. 
However, the variable and indicator values do not 
sufficiently	explain	the	potential	scope	of	Pearson's	
correlation, as they fall well below the average 
required for establishing moderate and satisfactory 
results. Nevertheless, obtaining this type of result 
is	 advantageous	 because	 it	 clearly	 identifies	 areas	
of opportunity for tourism development in Bahía 
de	 Kino.	 Likewise,	 these	 findings	 offer	 a	 new	
perspective for redirecting public policy strategies 
for this destination, which currently presents a 
tourism	competitiveness	 index	averaging	30%	(see	
table 4), a preliminary result close to the numerical 
mean. Its greatest strengths lie in complementary 
services focused on tourist care and in tourism 
infrastructure.

Although there are studies related to tourism in 
Bahía	 de	 Kino,	 the	 lack	 of	 research	 specifically	
focused on tourism competitiveness in this location 
limits opportunities for scholarly dialogue with 
other authors. Therefore, this type of study may be 
considered pioneering within this area of inquiry.

6. Conclusions
As	 a	 result	 of	 the	 interaction	 of	 the	 different	
components of the quantitative model, it is shown 
that Bahía de Kino, Sonora is a tourist destination 
with a low competitive structure. This is due to 
multiple factors, including the scarcity of hotel and 
restaurant	complexes,	which	are	insufficient	during	
high	season	or	weekends,	resulting	in	an	economic	
spillover	limited	mainly	to	weekend	tourism.	On	the	
other hand, the road infrastructure provides easy 
access for local, national, and international tourists, 
especially from the southwestern United States.

Moreover,	 tourism	 promotion	 is	 insufficient.	
However, being one of the most important and closest 
sun-and-beach tourist locations to the United States 
and other states bordering Sonora gives it an added 
value compared to other destinations in the same 

region. Another important variable, complementary 
services, is one of the most impactful factors based 
on	the	correlation	coefficients.	 In	the	specific	case	
of Bahía de Kino, Sonora, survey respondents 
highlighted the role of local universities in tourism 
training. These institutions provide quality 
education	for	students	in	the	tourism	field,	which	is	
reflected	in	the	increasing	qualification	of	workers	
in the tourism sector and the good customer service 
offered	 in	 restaurants,	 hotels,	 rental	 homes,	 and	
local businesses—encouraging local, regional, and 
international tourists to return.

However,	the	weakest	component	in	the	correlation	
coefficients	indicates	that	the	most	visible	sectors	of	
tourism—such as hotels and restaurants—require 
more	investment	and	involvement	at	different	levels	
to improve the destination’s image and the services 
provided to tourists.

According to the research questions posed and the 
objective aimed at measuring competitiveness, Bahía 
de Kino, Sonora is a developing tourist destination. 
The challenges and opportunities arising from its 
natural features (such as sun and beach) serve as 
key	 attractions	 for	 a	 growing	 number	 of	 visitors.	
The components of the correlations, based on the 
perceptions	 of	 the	 stakeholders	 who	 participated	
in the study, show that the locality is developing, 
demonstrating strong potential in several variables. 
The combination of these correlation components 
for Bahía de Kino, Sonora, allows us to envision 
the level of competitiveness the destination 
could achieve and to predict which factors need 
improvement through a reorientation of public 
policies	applied	to	different	tourist	destinations.
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Abstract
The objective of this study was to analize the 
knowledge transfer networks on COVID-19 in 
shrimp aquaculture production groups in the 
northern Pacific region of Mexico. Method. A cross-
sectional, descriptive and correlational study was 
carried out, which allowed acquiring information 
from a survey of 102 aquaculture producers in the 
northern Pacific region of the state of Sinaloa. Social 
Network Analysis (SNA) was used for the analysis 
of results. Results. Four sources of information 
are reported - Health Sector, Private Sources, 
Governmental Sector and Media - to which the 
producers turn to acquire information on Covid-19 
and its effects on the aquaculture activity.  

Key words: Social Network Analysis (SNA) 
- Knowledge Transfer Networks - COVID-19 - 
Aquaculture Organizations  

JEL code: Z13, D83, D2  

Resumen
El presente trabajo tuvo como objetivo analizar las 
redes de transferencia del conocimiento sobre el 
COVID-19, en los conjuntos acuícolas productores 

de camarón de la región pacifico norte de México. 
Método. Se realizó un estudio de corte transversal, 
descriptivo y correlacional, el cual permitió adquirir 
información de una encuesta de 102 acuacultores de 
la región del pacifico norte, del estado de Sinaloa. 
Para el análisis de resultados se probó el Análisis 
de Redes Sociales (ARS). Resultados. Se reportan 
4 fuentes de información -Sector Salud, Fuentes 
Privadas, Sector Gubernamental y Medios de 
Comunicación- a las cuales los productores acuden 
para adquirir información sobre el Covid-19 y sus 
efectos en la actividad acuícola.  

Palabras clave: Análisis de Redes Sociales (ARS) - 
Redes de Transferencia de conocimiento - COVID-19 
-  Organizaciones Acuícolas. 

Código JEL: Z13, D83, D2   

1. Introduction
The disease known as Coronavirus disease 2019 
(COVID-19) spread rapidly throughout communities 
worldwide, affecting over 6.7 million people due 
to the Sars-Cov-2/COVID-19 pandemic (Silva-
Sobrinho et al., 2021). The various interconnections 
of the Coronavirus pandemic led to the collapse 
of the global capitalist economy—or at least 
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triggered an unprecedented recession and potential 
depression not seen since World War II (Waitzkin, 
2021). Public health policies, as governmental tactics, 
were based on social isolation, social segregation, 
and the limitation of work-related activities. This 
economic impact of COVID-19 affected all activities 
performed by human capital. 

Under the adverse conditions brought about 
especially by COVID-19, companies and 
entrepreneurs faced complex decision-making and 
had to rapidly adapt to the use and management 
of technology and innovation. León, López, & 
Sandoval (2009) highlight the importance of 
managing technical knowledge through business 
networks or the interconnectivity among different 
entities that provide information—such as research 
centers, universities, competitors, suppliers, 
and others—who contribute valuable resources 
like knowledge and information spillovers to 
organizations. Similarly, academic producers of 
scientific-technological knowledge form external 
networks to transmit this intangible resource—
knowledge—to society (Carrazco & León, 2017; 
Vázquez, 2017). 

Knowledge transfer networks among agents/actors 
are key to generating valuable resources within their 
areas of specialization. These transfer methods 
can create innovations that are promoted within 
knowledge networks or sub-networks composed 
of different branches or innovation nodes (Arias & 
Aristizábal, 2011; Vázquez, 2017). In the knowledge 
era, the capacity to generate valua ble knowledge 
primarily stems from universities, research centers, 
government institutions, and productive sectors. 
These actors play an important role in the scientific 
and technological development of companies and 
in both regional and local economic and social 
development (León, Gutiérrez & Carrazco, 2019). 
Like other productive activities, aquaculture is 
affected by internal and external factors that 
influence decision-making, reduce productivity, and 
consequently, impact profitability and competitive 
positioning (Araiza et al., 2020). 

This research identified a set of institutional 
agents, both public and private, whose purpose 
is to meet the demands and needs of the shrimp 
aquaculture sector by generating, transferring, 
and communicating knowledge throughout 
production processes during the coronavirus 
pandemic. For this study, we identified four main 

sources of information (health, media, individuals, 
and government institutions). The objective of 
this study was to compare COVID-19 knowledge 
networks within shrimp-producing organizations 
in the Northwestern region of Mexico. 

Based on the above, the following research question 
is posed: 

What are the knowledge networks related to 
COVID-19 among shrimp aquaculture groups in the 
northern Pacific region of Mexico, particularly in 
the state of Sinaloa? 

This article is structured as follows. The first section 
presents a literature review on the importance 
of scientific-technological knowledge transfer 
networks. The second section addresses the 
methodological procedure, and the analytical 
framework used in our analysis. The third section 
presents the results and discussion. The fourth 
section contains the conclusions of the research. 
Finally, the references that supported the work are 
listed.   

2. Literature review
2.1. Knowledge Transfer Networks (KTN)  

The study of knowledge and innovation transfer 
networks is considered a source of competitive 
advantage for companies, as it increases the stock of 
valuable knowledge that drives the creation of value 
through the transformation of manufactured goods 
and services. Thus, technology transfer consolidates 
innovation and serves as an important channel for 
cohesion among scientific-technological actors, 
universities/academics, the government sector, 
suppliers, and competitors. 

Bergman (2009) notes that studies on knowledge 
and innovation transfer networks are not new. 
However, they emphasize the relevance for 
companies of managing technological innovation 
networks to support knowledge growth and 
development, helping improve competitive 
positioning in increasingly dynamic and turbulent 
local and international markets. In this sense, 
innovations can arise through complex social 
interactions among a group of actors committed to 
generating and transferring knowledge within the 
network (Hermans et al., 2017). Social networks 
act as catalysts in learning mechanisms to mitigate 
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problems and foster new ideas. Clearly, in business 
innovation, social networks are indispensable as 
effective tools for research and for transforming 
commercial products and services offered to local 
and international markets (Kolleck, 2013). 

Pérez & Harwith (2008) argue that networks with 
greater link capacity exhibit higher average rates of 
adoption for profitable knowledge. This is crucial for 
companies, as contact networks facilitate access to 
information and the ability to transform knowledge 
into service improvements. Furthermore, the 
strategic positioning and quality of actors within 
the network allow them to acquire key information 
from external sources, thereby boosting productivity 
and competitiveness (Aguilar et al., 2016). Strong 
and direct business relationships help establish a 
favorable position relative to competitors. In other 
words, strategic positioning within a knowledge 
transfer network acts as a source of competitive 
advantage for the company (Galán, Casanueva & 
Castro-Abancéns, 2010). 

2.2. Social Network Analysis (SNA) as an 
approach to business studies 

The RS is based on the study of the impact of 
multiple interactions among heterogeneous and 
homogeneous agents by classifying their structures. 
Structural analysis of social networks studies 
the behavior of individuals at the micro level 
(network structure), at the macro level, and the 
interaction between the two levels (Sanz, 2003). 
That is, ARS supports the analysis of interactions 
among individuals and organizations within the 
social network, reflecting both the quantity and 
quality of knowledge and information flows. León, 
Gutiérrez & Carrazco (2019) point out that ARS, 
as a social approach, addresses various aspects 
where data richness is a relevant factor, along 
with the variables or characteristics of the unit of 
analysis, based on questions such as: Who do you 
learn from and/or consult to acquire technical and 
productive knowledge related to your production 
unit? Additionally, ARS establishes a fundamental 
principle: Who are your contacts/relationships or 
immediate neighbors? 

In this way, ARS holds a relevant position in 
studying organizational impacts and innovation 
networks, making it a suitable analysis method 
for these fields. However, innovation networks or 
collaborative networks among actors help facilitate 
the development of new products; though, they do 

not guarantee productivity and successful growth 
(Van der Valk & Gijsbers, 2010; Van der Valk, Chappin 
& Gijsbers, 2011; Landsperger & Spieth, 2011). 

Thus, ARS facilitates the analysis of interactions 
between actors and their social and institutional 
environment. In this study involving agricultural 
producers (aquaculturists), measures of Degree, 
Betweenness, Authority, and Hub were used. 
According to social network theory and analysis 
(SNA theory), these indicators allow identifying 
reciprocal and non-reciprocal ties, which 
acknowledge that knowledge and information are 
transferred along these links.  

Leyva, Borbón & Pérez (2018) point out that the 
structure formed by a set of companies within 
the same homogeneous sector and distributed 
within the same geographic area or locality results 
in a virtuous collaboration network. In ARS, 
actors in a social network may have different roles 
depending on their degree, highlighting their 
power of betweenness in relation to others and 
their closeness. Betweenness plays a key role for 
network members, as they benefit from the spillover 
of information arising from the interconnectivity of 
groups, thus gaining a more advantageous position 
due to their specific placement in the network.

Meanwhile, Pérez, Ureña & Rodríguez (2015) 
define betweenness degree as the extent to which 
other actors must pass through a focal actor to 
communicate with the rest of the actors. This 
metric provides an idea of the control each actor 
holds over relational flows within the network. 
Núñez-Espinoza, Figueroa-Rodríguez & Jiménez-
Sánchez (2014) state that betweenness is the 
centrality measure indicating how frequently a 
node appears as a potential connection between 
otherwise disconnected nodes. These authors 
suggest that through betweenness in the network, 
actors connected to a group of actors through 
linking mechanisms positively influence either the 
opening or closure of cohesion processes in the 
social network or community (Colina et al., 2013).  

For social network analysis, the position of edges can 
be studied through centrality measures. That is, the 
node with the highest number of links within the 
network has a greater capacity to absorb learning 
and innovation from participation with other actors 
who provide a spillover of valuable knowledge or 
control key information (Reinholt, Pedersen & Foss, 
2011). 
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Marcelino, Pinto & Marqués (2020) determine 
that authority in a social network is considered a 
node that provides valuable information to actors 
interconnected in diverse ways with others. De 
la Rosa et al. (2005) identify authority in social 
network analysis as the node author with the highest 
hierarchy concerning the edges forming the graph. 
Building effective and efficient authority networks 
is associated with the mediating role played by 
the best-positioned actor in the network, acting 
as a bridge or direct link to social capital to exploit 
their skills, information exchange, accessibility, and 
connections with other actors (Yeniterzi & Callan, 
2014).

Hubbell (1965), Kleinberg (1999), and Arcos (2017) 
clearly explain the relevance of authority distribution 

by measuring how valuable the information of 
an actor is to its linked nodes, whereas the Hub 
measures the quality of the nodes connected to the 
actor with the highest authority. Hubbell (1965) 
explains that each node has a priori internal weight 
from the beginning, accompanied by the strength 
of connection between each pair of nodes. The 
interaction of diverse actors through a similar 
notion of influence weights, scaled by connection 
strength, captures its most prominent and central 
members with a large volume of information in a 
more manageable representation. In other words, 
the hub maintains value with environmental 
agents and acts as a key information source for the 
organization. Therefore, the quantity and quality 
of interconnectivity among actors determine the 
level of technological and competitive innovation 

Table 1. Metrics of social netowork analysis

Source: Own elaboration. 
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compared to competitors. 

According to social network analysis, Roldán-
Suárez et al. (2018) argue that the Hub increases 
the content and type of knowledge flows in the 
network, promoting improvement of relational 
capital and the structure of regional networks. 
Arias and Alarcón (2019) maintain that agri-food 
innovation systems feedback knowledge to achieve 
technological change with collective benefits 
and must possess synergies between actors and 
productive systems, where relational capital seeds 
ties intraorganizationally and extraorganizationally, 
in regions that form Hubs based on their diversity of 
relations and closeness in the network with other 
actors.

3. Methodology
3.1. Participants 

This study was conducted using a quantitative 
approach based on ARS. A sample was taken 
consisting of aquaculture farms located in the 
northwestern region (Sinaloa) of Mexico, during 
the period from April to August 2020. According to 
Leskovec & Faloutsos (2006), the type of sampling 
used in ARS differs from conventional analysis and 
can be done in three ways: a) random selection 
of nodes, b) random selection of links, and c) an 
exploration technique that simulates random steps. 
For this study, the first type was used, as it establishes 
a sub-network that represents the total connections 
of the original network (León et al., 2019). 

3.2. Sample characteristics  

This study is presented as a cross-sectional, 
descriptive, and correlational study (Field, 2013), 
with a randomly selected total of 102 shrimp-
producing aquaculture units along the Sinaloa 
coast. Of these, 79.1% (n=81) were male and 20.9% 
(n=21) were female. The aquaculture producers 
surveyed were between 29 and 58 years old. Their 
educational background showed that 73.5% had 
completed university studies, 10.7% had finished 
upper secondary education (high school), and 15.6% 
had a technical degree. 

According to the statistical description, the sample 

consisted mainly of small enterprises (74.50%), 
followed by medium-sized ones (23.52%), and to 
a lesser extent, large enterprises, which accounted 
for only 1.96%. Additionally, it was reported that 
some aquaculture units had an average operational 
history of 10 years (50%), followed by those with 11–15 
years of operation, which represented 19.60% of the 
sample. Enterprises with 16–20 years of experience 
accounted for 8.82%, and those operating for 
over 20 years represented 21.56%. Regarding the 
economic sector (social or private) to which these 
aquaculture units belong, 94.11% were in the private 
sector, and 5.88% were in the social sector. The 
human experience of aquaculture producers in 
this region showed that 50% of respondents were 
aged between 39 and 50 years. A portion of the 
population reported being between 29 and 40 years 
old, representing 26.47%, while a group aged over 
51 years made up 23.52%, where their experience in 
the field is key for future generations of aquaculture 
producers in Sinaloa. 

3.3. Research context 

According to the regional diagnosis and planning for 
fisheries and aquaculture in Mexico, the Secretariat 
of Livestock and Rural Development (SADER) states 
that Region 1 of the northern Pacific, where the 
State of Sinaloa is located, is considered a significant 
corridor in the agri-food industry through shrimp 
production by aquaculture (SAGARPA, 2008). 
Geographically, Image 1 illustrates the regions 
that provided valuable information on knowledge 
networks during COVID-19 times. 

3.4. Instruments 

A questionnaire divided into three sections was 
applied: a) organizational variables; including 
company age, company size, and sector affiliation; 
b) productive variables related to COVID-19: 
including items about production before and 
during the pandemic, and the effects of COVID-19 
on the production processes; and, c) social network 
variable: where organizations listed the contacts 
they turned to for information about COVID-19 and 
its relationship with the productive sector (see table 
2).
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Table 2.  Instrument structure

Source: Own elaboration. 

It is important to mention that the social network 
variable is visualized through a graph, and the 
following measures were considered:   

• Degree: This measure is expressed by the 
following formula:  

 CD (ni)=jxij 

• Betweenness: This is represented by the 
following formula:  

 CB (ni)=j<kgjk(ni)/gjk 

Where gjk is the number of shortest paths from 
node j to node k, y gjik is the shortest path from j to 
k that passes through node i. 

• Authority: This measure is expressed as:  

 ai=jB(i)hj 

Where ai represents the authority of node i, and 
B(i) is the set of reference nodes foor node i. 

• Hub: Represented by the following expression: 

 hi=jF(i)aj 

Where hi represents the Hub weight of node i, and 
F(i) is the set of nodes referenced by node i. 

3.5. Data Analysis 

Data analysis was conducted using the statistical 
software STATA 14 for descriptive statistics. 
Meanwhile, for the construction of the networks 
(graph) and the calculation of network indicators 
(degree, betweenness, authority, and hub), the 
software Gephi 0.9.2 was used. 

Image 1. Location of the aquaculture units in Sinaloa. 

Source: Own elaboration.
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4. Results
4.1. Characteristics of the COVID-19 Knowledge 
Transfer Networks in aquaculture clusters in 
the state of Sinaloa 

Based on a sample of 102 aquaculture clusters 
(farms) engaged in shrimp farming, four main 
sources were identified: 1. Health Sector, 2. Private 
Sources 3. Government Sector; and, 4. Media, to 
which producers turned for information about 
COVID-19 and its effects on shrimp farming in the 
northern Pacific region. Figure 1 shows a graphical 
representation of these sources as factors in the 
COVID-19 knowledge transfer process, in relation 
to the different sets of information sources linked to 
aquaculture farms. 

The graph reveals that the sectors with the 
greatest weight in the network are the Health 
Sector (CESASIN, IMSS, ISSSTE, and SSA) and 
the Private Sector. Regarding the Health Sector, its 
significant impact on the aquaculture industry is 
understandable, as it encompasses the main official 
sources of health information. This finding aligns 
with Mohamad et al. (2020), who found that in 
Malaysia, the primary source of information for the 
population was the Ministry of Health, with 95% 
acceptance. On the other hand, the Private Sector is 
somewhat ambiguous, as the sources of information 
may include healthcare professionals but also 
individuals unrelated to the field, potentially leading 
to misinformation. This concern is also raised by 
Salaverría et al. (2020). 

Figure 1. COVID-19 RTC in aquaculture farms of 
Sinaloa. 

Source: Own elaboration 
Note: The nodes starting with AC represent the aquaculture farms.

Figure 2 groups the network of the Health Sector. 
It shows that the network is highly centralized 
around CESASIN, which functions as the main 
source of knowledge transfer from the health sector 
to aquaculture enterprises. Secondary sources 
include IMSS, SSA, and ISSSTE. The number of 
aquaculture clusters belonging to this network is 
40, and within it, 44 connections are generated. 
This network concentrates 39.2% of the aquaculture 
farms that make up the sample. 

The figure also shows the links between aquaculture 
farms and private actors who provided information 
about COVID-19. Private sources refer to 
independent biologists, family members, friends, 
and other aquaculture producers in the studied 
region. The network is completely centralized, as the 
sources mentioned are grouped into a single node. 
Similar to Wang et al. (2020), personal networks 
played a significant role, with 46.1% of participants 
stating they turned to private sources for COVID-19 
information.

In Table 3, the measures of the network presented 
in Figure 3a are shown. It can be observed that 
CESASIN is the main source of information within 
the Health sector, concentrating 27 links with 
producers (aquaculture farmers), making it the 
main actor acting as an intermediary (351.0) for 
the rest of the aquaculture farmers in the network. 
Regarding the authority measure, CESASIN 
provides highly valuable information to its linked 
actors (0.981); however, the nodes surrounding 
CESASIN do not provide high-quality information 
(0.188). This is natural since CESASIN, as the 
main actor within the network, concentrates the 
greatest information transfer, which represents 
higher quality. These results are consistent with 
those of Carrazco, Leyva, and León (2020), where 
the Sinaloa Aquaculture Cluster showed similar 
levels of intermediation (114.85), authority (0.29), 
and hub (0.15), considering CESASIN as a common 
denominator in the knowledge networks of both 
studies. 

Table 4 presents the characteristics of the network 
shown in Figure 3b. This table highlights the value 
of influence and information quality provided 
by private sources. The intermediation of this 
node (Private) is high, as it is the only node that 
connects the rest of the network, with a value of 
630.0. Likewise, the information it manages for the 
network members is highly valuable (0.986).
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Table 3.  Measures of the Knowledge Network 
between Aquaculture Groups and the Health Sector

Source: Own elaboration 
*CESASIN. Comité Estatal de Sanidad Acuícola de Sinaloa 
**IMSS. Instituto Mexicano del Seguro Social 
***ISSSTE. Instituto de Seguridad y Servicios Sociales de los 
Trabajadores del Estado 
****SSA. Secretaría de Salud

Table 4. Network Measures between Aquaculture 
Groups and Private Sources

Source: Own elaboration.

Figure 3 shows the network between farms and the 
government sector. Unlike the previous networks, 
this one has only 13 actors, but is more distributed. 
However, it can be inferred that producers consulted 
the government sector to a lesser extent for COVID-19 
information. In Thomas et al. (2021), there were no 

Figure 2. COVID-19 RTC in aquaculture clusters of Sinaloa. 

Note: The nodes that start with AC are aquaculture farms.
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similar participation patterns to those in the present 
study; however, the government ranked the lowest 
(31%) among the sources consulted by the Australian 
population, similar to the knowledge network of the 
government sector regarding aquaculture farms. 

Although all government actors have a degree of 
2, CONAPESCA, CDC, and Protección Civil have 
higher intermediation (1) because they act as the only 
links between two aquaculture producers, hence 
their higher intermediation. On the other hand, 
CIIDIR and CODESIN have an intermediation of 
0.5, as they share the same four aquaculture farms, 
which divides the connection. However, in terms of 
authority and hub, the latter two score 0.5 in both 
measures, as the information they transfer to these 
four farms is more influential (see Table 5).

Table 5. Network measures between aquaculture 
groups and the government sector

Source: Own elaboration. 
*CONAPESCA. Comisión Nacional de Acuacultura y Pesca. 
**CIIDIR. Centro Interdisciplinario de Investigación para el Desarrollo 
Integral Regional. Unidad Sinaloa. 
***CODESIN. Consejo para el Desarrollo Económico de Sinaloa.  
****CDC. Centros para el Control y la Prevención de Enfermedades.

The knowledge network in Figure 3d represents the 
relationship between farms and the media. This is 
a bifurcated network between social media (SM) 
and traditional media (TM). What stands out in 
this network is that aquaculture producers largely 
alternated between both sources. 

Both TM and SM have very similar measures, as 
reflected in the values in Table 6. However, TM 
has slightly higher values, as it connects with 16 
aquaculture farms, has an intermediation of 162, 
and provides highly valuable information (0.714). 
In contrast, SM has an intermediation of 131, an 
authority score of 0.630, and a hub score of 0.201. 
Despite appearing to be a polarized network, it 
is actually very homogeneous, as there are eight 

aquaculture producers who are interconnected with 
both types of sources. It is important to note that 
this network ranks third in terms of degree, just six 
nodes below the private network. This shows that 
the media and social networks play a very important 
role within aquaculture farms. This result aligns 
with various studies showing that, globally, social 
media (internet) was the predominant source of 
information among the population (Wang et al., 
2020; Mohamad et al., 2020; Aweke et al., 2020); 
however, these are also the sources most prone to 
misinformation and fake news (Salaverría et al., 
2020).

Table 6. Network Measures between Aquaculture 
Groups and Media 

 

Source: Own elaboration. 

4.2. Relationship between organizational, 
productive, and social network variables 

Table 7 presents a description of the aquaculture 
groups’ production variable and the COVID-19 
knowledge networks. In Table 8, it is shown that 
the producers linked with the knowledge networks 
in the Health sector, Private sources, and Media 
reduced their production during the confinement 
period (April–August 2020) compared to the pre-
COVID-19 period. However, the network most 
affected was the Private one, with the largest drop 
in production compared to other networks. On the 
other hand, the farms that slightly increased their 
production during confinement were those in the 
government network.

Regarding the remaining variables (Productive 
Impact, Increase in Safety Measures, and Mitigation 
Plan), there is a similarity across all knowledge 
networks. However, the Private network stands out, 
as despite experiencing a considerable decline in 
productivity, only 57% of the aquaculture groups 
within this network reported having a backup plan 
to face a prolonged outbreak. This could indicate 
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that the private network, despite its levels of 
intermediation, authority, and hub status, did not 
provide sufficient knowledge to the farms connected 
to it to sustain production during the COVID-19 
lockdown period.

5. Conclusions 
Globally, Mexico ranks seventh in food production 
from the agricultural sector. In the fishing and 
aquaculture field, it has the potential to expand the 
national food supply, contribute to food security, 
generate foreign exchange through exports, and 
serve as a source of direct and indirect employment, 
thereby contributing to the region’s social well-
being. 

The objective of this study was to analyze the 
knowledge transfer networks related to COVID-19 
among shrimp-producing aquaculture groups in 
the northern Pacific region of Mexico, with a special 
focus on the state of Sinaloa, and to understand how 
these networks contributed to mitigating the effects 
of COVID-19 at the organizational and productive 
levels.  

Collective efforts among aquaculture farmers and 
the capacity to manage knowledge through business 
networks or interconnectivity among the different 
entities that provide information—as well as the 
producers of scientific-technological knowledge 
who strengthen cooperation ties to transmit 
resources to society—substantially contribute to 
the competitive performance of companies and 
help mitigate the turbulent impacts produced by 
the market. 

This research provides an empirical contribution to 
the literature on the COVID-19 pandemic within the 
agricultural system, especially in aquatic sectors such 
as Pacific white shrimp aquaculture. Furthermore, 
it allows researchers and producers to understand 
the structure of networks and knowledge flows for 
the benefit of aquaculture farmers and companies. 

Based on the results, it is reported that through 
Social Network Analysis (SNA), there are different 
sources of information that aquaculture farmers 
turn to in order to acquire knowledge about 
COVID-19 and its effects on shrimp farming. This 
information enabled a comparative analysis of the 
different knowledge transfer networks present in 
the northern Pacific region of the state of Sinaloa. 

Table 7. Descriptive statistics of the productive variable in relation to COVID-19 

Source: Own elaboration 
Note: Table shows the mean of each variable and the standard deviation in parentheses. 
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Through SNA, four networks were identified 
as knowledge transfer channels (health sector, 
private sources, government sector, and media), 
which producers use to obtain information about 
COVID-19 and its impact on the studied agricultural 
activity. One of the main limitations of the study 
lies in the sample size, which limits the ability to 
generalize the large-scale impact. However, specific 
data can still be retrieved for the aquaculture groups 
in the state of Sinaloa.  Originality. This study 
provides an analysis of the topology of COVID-19 
knowledge networks for an aquaculture sector that 
has been little studied to date. 
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Abstract
Traditional foods can use consumer science 
approaches to define market segments and 
consumer attributes, the present research analyzes 
the relative importance of consumer determinants 
for goat milk powder (origin, fat content, format, 
price), using the multivalent conjoint analysis 
methodology on a sample of 188 subjects from the 
Coquimbo Region (Chile). The results show that the 
most valued attribute in relative importance by the 
surveyed consumers is the origin of the product 26.7 
%, preferring a national product to an international 
one, followed by fat content 26.4 %, distinguishing 
skim milk over whole milk, then product format 
24.2 %, a small format, and finally price 22,8 %, as 
the least significant attribute, opting for the lowest 
cost ($15,000 CLP). Consumers preferred the skim 
variant, which is suitable for children and adults, 
as well as the small package size (450 g) because it 
is easier to measure and consume.  

Keywords: Goat milk powder, consumer 
preferences, conjoint analysis, Traditional food 
products.

Resumen
Los alimentos tradicionales pueden utilizar 
enfoques de la ciencia del consumidor para definir 
segmentos de mercado y atributos de consumo, 
la presente investigación analiza la importancia 
relativa de los determinantes del consumidor para 
leche de cabra en polvo (origen, contenido de 
grasa, formato, precio), mediante la metodología 
multivalente de análisis conjunto (conjoint 
analysis) sobre una muestra 188 sujetos de la Región 
de Coquimbo Chile. Los resultados evidencian que 
el atributo más valorado en importancia relativa 
por los consumidores encuestados es el origen del 
producto 26.7 %, prefiriendo un producto nacional 
al internacional, seguido del contenido de grasa 
26.4 %, distinguiendo la leche descremada sobre 
la leche entera, luego el formato del producto 24.2 
%, un formato pequeño, y finalmente el precio 22.8 
%, como atributo menos significativo optando al 
de menor costo ($15.000 CLP).  Los consumidores 
prefirieron la variante nacional, descremada que 
se adapta a niños y adultos, también el tamaño de 
envases pequeño (450 gr) ya que es más fácil de 
medir y consumir.  
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1. Introduction
Chile shares, along with many other Latin American 
countries, a rich heritage of traditional and 
typical foods with unique sensory and nutritional 
properties—products that reflect the history, 
culture, and way of life of each country and region. 
Traditional foods resemble functional foods in that 
they have proven physiological benefits, helping to 
improve public health and reduce the risk of diseases 
(Al-Sheraji et al., 2013). Consequently, consumer 
demand for these products has increased in recent 
years, with the dairy industry having the potential 
to become one of the main sources of traditional 
products.

Dairy products have been recognized as an 
important part of the human diet in both developed 
and developing countries. Goat milk (Capra hircus) 
contains water, proteins, fats, sugars, minerals, and 
vitamins, all of which are essential for maintaining 
good health (Pineda et al., 2017).

Goat milk is produced by female goats after giving 
birth. Within 0–3 days, their colostrum contains 
many nutrients and is considered one of the best 
sources of protein, almost equivalent to human 
breast milk (Ranadheera et al., 2019).

Fluid goat milk and its processed products are useful 
as functional foods for maintaining nutrition and 
health in both young and elderly people, especially 
for those with cow milk allergies (Bytyqi et al., 
2020; Sánchez et al., 2020). Goat milk can be used 
to produce a wide variety of dairy products such as 
cheese, yogurt, ice cream, condensed milk, butter, 
and powdered milk.

Powdered milk is prepared by removing water from 
the liquid milk (Pineda et al., 2017). It offers better 
qualities for maintaining its quality, requires less 
storage space, and incurs lower transportation costs 
(Pineda et al., 2017).

El proceso de obtención de leche de cabra en 
polvo ha sido estudiado por diferentes autores. En 
este sentido, Reddy et al. (2017) optimizaron las 
condiciones de procesamiento para la fabricación 
de leche de cabra en polvo, tomando en cuenta 

como variables independientes la concentración 
de la leche (25, 40, 45%) y la temperatura del aire 
de entrada (160, 170, 180 ºC), obteniéndose una 
composición aproximada de humedad (4,08%), 
grasas (26.85%), proteínas (25.48%), carbohidratos 
(36,99%) y cenizas (6.60%) (Getaneh et al, 2016). 

In the Coquimbo Region (Chile), goat farming is 
highly important due to its historical and territorial 
ties. This region holds over 54% of the country's 
goat population (Yañez, 2022), with 80% being local 
breeds from crosses between goats originating from 
Spain and other European countries, resulting in 
high genetic variability. Production is mainly aimed 
at obtaining milk for cheese production, for both 
self-consumption and informal sales in nearby urban 
centers. To a lesser extent, goat meat is produced 
for sale. The production system is extensive and 
characterized by low herd productivity, where goats 
must forage over large areas for low-quality shrubs 
and grasses. Goats are milked once per day with low 
yields, and natural weaning is practiced (Venegas, 
2017).

The profits obtained by small-scale goat producers 
(locally known as crianceros) through cheese 
production are low and highly dependent on 
climatic conditions—particularly given the 
region’s and the country’s ongoing water scarcity. 
Production is largely informal, with little to no 
implementation of food safety systems, traceability, 
or tax/health formalization by the producers. To 
reverse this situation, the Instituto de Desarrollo 
Agropecuario (INDAP), an agency under Chile’s 
Ministry of Agriculture, has implemented a series 
of technical and commercial support programs 
for goat producers. These include the Programa 
de Desarrollo Local (PRODESAL), the Programa 
Agropecuario para el Desarrollo Integral de los 
Pequeños Campesinos del Secano de la Región de 
Coquimbo (PADIS), and the Programa de Alianzas 
Productivas (PAP).

Regarding goat milk product consumption, research 
exists on consumer behavior and preferences for 
dairy products, as well as the factors influencing 
such preferences toward goat milk (Bytyqi et al., 
2020; Shunekeyeva, 2020; Güney & Sangün, 2019; 
Šugrová, 2018).

The price of goat milk is higher than that of cow 
milk, making it a promising commercial prospect 
in the long term (Tarigan et al., 2020). Moreover, 
studies show that consumers assume that all types 



Arancibia Flores et al. Use of conjoint analysis to estimate consumer preferences for goat milk powder in the
Coquimbo Region, Chile

Interdisciplinary Faculty of Economic and Administrative Sciences
El saber de mis hijos
hará mi grandeza”

e-60

of goat dairy products—both fluid milk and its 
derivatives—share the same nutritional quality. 
Thus, it is important to study consumer preferences 
for a traditional product like powdered goat milk, 
given its high biological value, long shelf life, and 
ease of commercialization. It represents a significant 
innovation alternative for goat milk produced by 
crianceros in the Coquimbo Region.

Based on these considerations, it can be stated 
that there is limited information in the literature 
regarding consumer preferences for powdered 
goat milk in developing countries and regions with 
permanent water shortages. Therefore, the main 
objective of this study is to examine the relative 
importance of consumer preferences for powdered 
goat milk using a multivariate approach such as 
Conjoint Analysis. This approach assumes that a 
product’s value (utility) is the sum of its constituent 
attributes (origin, fat content, format, price), 
which in turn determine consumer preferences for 
powdered goat milk in the Coquimbo Region of 
Chile.

2. Theoretical framework
2.1. Market Studies and Food Products

At times, market research may not be realistic or 
practical. Even asking respondents about preferred 
prices and attributes can be risky, potentially 
yielding impractical results. To complicate matters, 
it may be difficult for respondents to react to food 
products with which they are unfamiliar (Giacalone 
et al., 2015).

There is extensive literature on methodologies for 
evaluating consumer preferences: attribute ranking, 
the Zaltman technique, Kelly’s repertory grid, 
semantic differential, preference maps, empathic 
design, laddering, group analysis, category 
appraisal, free elicitation, information acceleration, 
and comparisons that elicit character traits (Prada, 
2013). However, the most commonly used method 
for assessing consumer preferences for a set of 
attributes is conjoint analysis (Eversheim, 2009).

Conjoint analysis is widely used in the food industry 
to develop experiments that examine the interaction 
between the various components and characteristics 
of food products (Calegari et al., 2018; Decloedt, Van 

Landchot & Vanhaecke, 2016; Qian et al., 2022). It is 
used to identify and understand consumer behavior 
toward attributes and stimuli, as well as to study 
how consumers perceive different combinations 
of attributes that make up food product offerings 
(Jensen et al., 2019; Lee & Hwang, 2016; Krystallis & 
Ness, 2005).

In food products, intrinsic properties such as flavor, 
texture, and aroma affect customers’ perceived value 
(Reis et al., 2017; Calegari et al., 2018). However, 
several studies also highlight the importance of 
extrinsic attributes—such as brand, price, and 
packaging—in the purchasing decisions of food 
products (Ahmad & Anders, 2012; Annunziata 
& Scarpato, 2014; Bronnmann & Asche, 2016). It 
is important to note that product attributes are 
elements that consumers consider important and 
that serve as the basis for decision-making (Hidayat 
et al., 2012; Tekea, 2021).

In the global food market, the demand for animal-
origin products is expected to grow in the coming 
years due to increasing urbanization, population 
growth, and rising incomes. The average growth rate 
of milk production was 2.1% over the last decade, 
and it is projected to increase by 22% by 2027 
compared to the base period of 2015–2017 (OECD/
FAO, 2018). Milk and dairy products fall under the 
category of frequently purchased food items, which 
makes the factors influencing their consumption 
even more important (Kurajdováa et al., 2015).

In recent years, there has been a growing trend in 
the consumption and awareness of goat milk and 
its products, based on their nutritional value and 
high digestibility compared to other types of milk 
(Popescu, 2019).

2.2. Traditional Agri-food Products

Traditional agri-food products (TAPs) are usually 
linked to the history and culture of a specific region 
(Cavicchi & Santini, 2018). TAPs can command 
a premium price because they are perceived 
as authentic, which in Europe often includes 
certification (Balogh et al., 2016). Although 
traditional foods may be considered more time-
consuming, consumers are often willing to make 
this trade-off for health reasons (Almli et al., 2011; 
Balogh et al., 2016). Essentially, consumers prefer to 
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purchase typical and traditional foods that provide 
them with a sense of trust, familiarity, and tradition 
(Espejel, Camarena & Sandoval, 2014).

Traditional channels clearly have an opportunity to 
attract highly involved consumers who display price 
inelasticity. Applying consumer science can help 
bring innovation to traditional agricultural products 
(Torquati et al., 2018). Studies such as Nazzaro 
et al. (2019) have shown consumer acceptance of 
purchasing a traditional yet innovative product. 
However, consumers also tend to look for foods that 
are easy to transport, prepare, and store—that is, 
they seek convenience when it comes to preparing 
and cooking food (Botonaki, Natos & Mattas, 2009). 

All of the above leads us to the following general 
research questions: (1) What are the most highly 
valuable attributes by consumers of powdered 
goat milk from the Coquimbo Region of Chile?, (2) 
What is the best combination of attribute utilities 
for powdered goat milk preferred by consumers 
in the Coquimbo Region of Chile? (3) What is the 
most relevant relative attribute for consumers of 
powdered goat milk in the Coquimbo Region of 
Chile?

3. Methodology
The research employed a quantitative, explanatory, 
and cross-sectional approach, measuring consumer 
preferences by calculating marginal utility indices 
for the different attributes valued by consumers in 
powdered goat milk. A field study was conducted 
in the main municipalities of the Coquimbo Region 
of Chile: La Serena, Coquimbo, Ovalle, Illapel, 
and Salamanca, using a convenience sample of 188 
subjects, both men and women, who were adults 
and consumers of traditional goat milk products 
(target segment).

Data collection for the study was carried out in three 
stages: 1º a literature review to identify the main 
attributes considered important when choosing 
traditional goat milk products and their derivatives; 2º 
interviews with experts (8 professionals specializing 
in agri-food product development) and one focus 
group (10 participants from the target segment) 
define the purchase decision characteristics, 

resulting in four attributes and eight proposed 
levels; 3º a questionnaire was applied, composed 
of three sections: (i) respondent characterization 
questions, including gender, age, family income, 
place of residence, education level, among others; 
(ii) questions regarding the purchasing behavior of 
traditional goat milk products, especially powdered 
goat milk; (iii) an experiment with 8 product 
alternatives that respondents had to rank based on 
their consumption preferences (ordinal scale from 1 
to 8), using the full-profile method (Naous & Legner, 
2017). Respondents assigned a value of 1 to the most 
desired profile and 8 to the least desired, which was 
necessary for conducting the conjoint analysis. The 
product card is shown in Figure 1.

Table 1. Proposed attributes and levels for the 
purchase decision experiment of powdered goat 
milk in the Coqimbo Region, Chile.

Source: Own elaboration.

Figure 1. Proposed card with the 8-product 
alternative (experiments)

Source: Own elaboration.

For the analysis of preferences, the product valuation 
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formula was used, which provides an estimate of 
the relative importance weights of the attributes. It 
is based on the premise that the different levels of 
attributes make a partial contribution to the total 
utility (Naous & Legner, 2017)).

Where  are the values associated 
with levels i (i=1, 2, ....., n); j (j=1,2,.....,m), k 
(k=1,2,....., p) and l (l=1,2,...., q), corresponding 
respectively to the attributes: (1) product origin,  fat 
content (2), format (3), and, price (4). The dummy 
variables  take a value of 1 if 
the corresponding attribute level is present, and 0 
otherwise (Malhotra, 2019).

Partial utilities may reach zero contribution, 
indicating the lowest preference for certain levels 
and, therefore, the minimum contribution to 
the total expected utility. They may also obtain 
the highest score, indicating the highest level of 
preference (Choi et al., 2013). The estimation of 
the partial utility values was carried out under an 
additive conjoint model, whose mathematical 
structure is expressed through the following 
equation of U(Total):

4. Results and discussion
There is evidence that factors such as gender, age, 
and educational level are linked to the preference 
for health-beneficial foods. Table 2 shows the 
demographic characteristics of consumers (survey 
respondents) of powdered goat milk in the 
Coquimbo Region of Chile. 64% are female, while 
male consumers make up 36%. This is consistent 
with the findings of Nugroho et al. (2020) and 
Agustina et al. (2021), which suggest that women 
tend to have a higher consumption-oriented nature. 
In particular, housewives play a fundamental role 
in determining and deciding the food consumed 
by their family members. Most respondents are 
between 31–40 years old (46%), and the highest 
level of education reported is technical-professional 
training (44%).

Table 2. Characteristics of goat milk consumers

Source: Own elaboration based on primary data.

4.1. Research Data Correlation Test

This correlation test aimed to determine the 
relationship between the research data, i.e., 
the combination of attributes and consumer 
preferences for goat milk products in the Coquimbo 
Region. Table 3 shows the statistical correlation 
of the proposed model, identifying a strong 
relationship between attribute combinations and 
consumer preferences. The Pearson correlation 
coefficient was 0.897, indicating that consumer 
preference influences up to 91.8%. This reflects a 
very strong correlation, supported by a significance 
level of 0.001. Similarly, Kendall’s Tau confirmed 
the correlation of the proposed variables with a 
coefficient of 0.786.

Table 3. Statistical correlation of the proposed 
model

Source: Own elaboration.
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4.2. Utility Value for Each Attribute Level Based 
on Consumer Preferences

The utility value expresses each respondent’s 
opinion in numerical form as a basis for determining 
satisfaction levels (Shingh et al., 2020; Velcovská & 
Larsen, 2021). The utility value reflects consumer 
evaluation of each attribute level using positive and 
negative numbers. Larger positive values indicate 
higher acceptance of the attribute level, while 
negative values indicate lower acceptance. Table 4 
shows the utility values for each attribute level based 
on consumer preferences. The most important 
attribute in goat milk from the Coquimbo Region is 
product origin, with an importance value of 26.7%. 
This aligns with findings from Hoffmann et al. 
(2020) and Achabou et al. (2022), which emphasize 
the relevance of extrinsic product attributes such as 
the country or region of origin. This is followed by 
fat content (26.4%), product format (24.2%), and 
finally, price (22.8%).

These results suggest that consumers perceive the 
origin of a product as a differentiating and health-
promoting image, which could be leveraged as a 
commercial differentiation strategy. This would 
enable producers to maintain and enhance 
competitiveness and profitability in the market 
(Bentivoglio et al., 2019; Toledo-Macas et al., 2021).

Table 4. Utility value by preference for each attribute 
level

Source: Own elaboration.

5. Conclusions 
This study aimed to examine the relative importance 
of consumer preferences for powdered goat milk 
in the Coquimbo Region, Chile, through the 
application of Conjoint Analysis methodology. The 
results reveal that the most accepted preferences 
for establishing a product were: product origin, fat 
content, packaging format, and price.

The most highly valued attribute by surveyed 
consumers was product origin (26.7%), with 
a preference for domestic over international 
products. This was followed by fat content (26.4%), 
where skimmed milk was favored over whole 
milk; product format (24.2%), with a preference 
for smaller packages; and finally, price (22.8%), 
where the lower price ($15,900 CLP) was the least 
significant attribute. Consumers preferred the 
skimmed variant, which is suitable for both children 
and adults. They also favored the smaller package 
size (450 g) due to its ease of use and consumption.

The results also highlight potential alternatives 
for adding value and innovating in traditional 
agri-food products—specifically, powdered goat 
milk—by identifying factors for differentiation 
and repositioning. These findings can guide local 
producers in developing strategies based on product 
origin.

Future research could apply Conjoint Analysis 
to gain deeper insight into the value attributes 
influencing product choice and estimate willingness 
to pay for features like a specific origin label. This 
study presents limitations related to its geographic 
scope; therefore, it is recommended to replicate it in 
other regions of the country (central and southern) 
to validate the findings.

Ultimately, the study’s results offer valuable insights 
for professionals and decision-makers responsible 
for designing and implementing targeted strategies 
and policies to promote the differentiation and 
consumer acceptance of traditional agri-food 
products.
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