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This article aims to justify the need for the application of matrix-based models
in the tourism management system, using the Republic of Armenia as a case study,
and to demonstrate their effectiveness, as data-driven decision making, tools for the
tourism sector.

This study investigates the tourism management system, with a particular focus
on the spatial interrelationships of tourism infrastructure, including food service
establishments and banking services (ATMs), and evaluates their accessibility
through the application of matrix-based methods. The research employs geoinfor-
matics and cartographic tools to perform the spatial analysis and visualization of
tourism-related data. This methodological approach enables the identification of
spatial interdependencies and enhances the accuracy of analytical outcomes.

As a result, an analysis of the spatial distribution of banking ATMs was
conducted using the ArcGIS Pro software through the OD Cost Matrix tool, based
on the case of Yerevan City. This tool makes it possible to identify and measure the
least-cost paths along a network from multiple origins to multiple destinations.

The results indicate that matrix-based methods constitute effective instruments
for managing tourism flows and destination attractiveness and can be applied not
only within the Tourism Committee of the RA but also by Destination Management
Organizations (DMOs) and non-governmental organizations (NGOs).
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Introduction. Tourism is one of the sectors of strategic importance to the
economy of the Republic of Armenia. This is evidenced by the fact that approxima-
tely 2 mIn tourists visit the Republic of Armenia annually, according to the Statistical
Committee of the Republic of Armenia. In 2023, a record number of 2.3 min tourists
was registered in the Republic of Armenia, while in 2024 the number amounted to
2 208179 tourists, and in 2025 it increased by 2.5%, reaching 2 263642 tourists [1].
In addition, according to the “Strategic Program for Tourism Development of the
Republic of Armenia for 2026-20307, the average expenditure per tourist in the RA
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amounted to USD 776 in 2023, a pattern that has been maintained over time [2].
The effective development of the sector is contingent upon the existence of a data-
driven management system. At present, data collection in the tourism sector of the
Republic of Armenia is carried out mainly through surveys, interviews, and
statistical records, which often fail to reflect the actual structure of tourism flows,
the purposes of visits, and the degree of infrastructure load.

The incompleteness of data, as well as the insufficient consideration of their
seasonality and spatial distribution, hinders effective decision-making by both public
and private institutions. For this purpose, pursuant to Decision No 884-N of the
Government of the RA dated June 22, 2006, the Law “On Establishing the Border
Electronic Management Information System of the Republic of Armenia, Defining
the Procedure for Its Operation, and Determining the List of System Users” was
adopted, aimed at improving the mechanism for collecting accurate statistical data
in the tourism sector [3]. As a result, the Border Electronic Management Information
System (BEMIS) was established, enabling the collection of more accurate and
comprehensive information on inbound and outbound tourist flows by citizenship,
gender and age groups, border crossing points by means of transport, duration of
visits, and the number of repeat tourist visits. The system was further improved in
2020 through the application of relevant software, allowing for the acquisition of
more precise data on tourists visiting Armenia [4]. However, during the period 2023—
2025, the responsible authorities have been discussing the revision, improvement,
and clarification of the BEMIS system [5, 6]. In this context, there emerges a need
for the application of systematic approaches and data-driven methods, which can be
implemented through the use of matrix-based models. The latter is considered a
methodological tool that enables the structuring of available data, the identification
of interrelationships, and the optimization of management processes.

According to the research of Professor Edward Groenland of Nyenrode
Business University (the Netherlands), matrices are used as a powerful tool for the
analysis of qualitative data [7]. Dana Rosenberg Coker and Janice Nahra Friedel in
the results of their research, note that matrices enable the rapid development of
insights into how a particular functional area is evaluated by different groups.
Matrices facilitate the integration of data collected through various research
instruments, which may relate to any service or functional area [8]. As a result,
tourism, as a spatial phenomenon, can be effectively assessed through the use of
matrices. Studies of the international market have shown that the tourism sector
primarily employs such matrix-based tools as the SWOT Matrix, Ansoff Matrix,
Innovative Matrix and Destination Competitiveness Matrix. In the Republic of
Armenia, attempts have also been made to apply matrix-based approaches, as
evidenced by the article “Assessment of the Tourist Satisfaction Index: Evidence
from Armenia” by G. Tovmasyan, in which the author evaluates tourist satisfaction
in the Republic of Armenia using the IPA matrix [9].

Materials and Methods. This study investigates the tourism management
system, with a particular focus on the spatial interrelationships of tourism
infrastructure, including food service establishments and banking services (ATMS),
and evaluates their accessibility through the application of matrix-based methods.
The research employs geoinformatics and cartographic tools to perform the spatial
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analysis and visualization of tourism-related data. This methodological approach
enables the identification of spatial interdependencies and enhances the accuracy of
analytical outcomes. As a result, an analysis of the spatial distribution of banking
ATMs was conducted using the ArcGIS Pro software through the OD Cost Matrix
tool, based on the case of Yerevan city. This tool makes it possible to identify and
measure the least-cost paths along a network from multiple origins to multiple
destinations [10].

Data collection in the tourism sector of the Republic of Armenia is based on a
variety of methods, including both quantitative and qualitative research, aimed at
analyzing tourism flows, consumer behavior, sectoral revenues, and other indicators.
Market analysis shows that these methods are primarily implemented through online
and offline surveys, interviews, and focus group discussions [11].

However, the existing methods are largely subjective in nature, which reduces
the objectivity of the data. Moreover, a significant portion of the available data is not
utilized within the tourism management system as a basis for practical decision-
making. This circumstance necessitates the application of alternative research
methods, and, as proposed in this study, the use of matrices as an alternative and
complementary approach to data collection and analysis.

The paper presents the current state of tourism data collection and analysis in
the Republic of Armenia, as well as the proposed matrix-based methods. A key
component of the tourism system is the tourist. In the Republic of Armenia, data
collection related to tourists continues to be problematic, as evidenced by discrepan-
cies between official statistics and actual tourist behavior. In particular, data on
religious tourism do not reflect the true nature of visits, since the majority of tourists,
regardless of their primary travel purpose, visit at least one religious site [12].
This issue is attributable to imprecise data classification methodologies. Under such
conditions, the application of the Boston Consulting Group (BCG) Matrix [13] or a
correlation matrix [14] would make it possible to cross-analyze tourists’ country of
origin, travel purpose, and selected destination, thereby revealing interrelationships
among these variables. This, in turn, would allow for the development of a more
comprehensive and professionally structured database for the management of
tourism flows.

To enhance the effectiveness of tourism data analysis and the level of visual
representation, it is advisable to apply the ArcGIS Pro software, which enables the
use of various matrix-based tools. In particular, the OD Cost Matrix is widely used
in the software for spatial data analysis, while the Confusion Matrix is applied to
assess the accuracy of data classification. Each of these tools is discussed separately
below, with the aim of identifying their functional capabilities and specific features
in the context of tourism data analysis.

Results and Discussion.

OD Cost Matrix in ArcGIS Pro. This matrix serves not only as a data
collection tool but also as a data analysis instrument in tourism, applied through the
Network Analyst tool in ArcGIS Pro to enable the spatial analysis of least-cost paths
and network-based calculations (Fig. 1).
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The matrix formation process is outlined as follows. In the initial stage, an
appropriate Network Dataset must be created, which entails importing the relevant
data into the designated fields (Fig. 2).
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Fig. 2. Network Dataset used for matrix formation in ArcGIS Desktop 10.x.

Following the creation of the Network Dataset, the next step involves selecting
the New OD Cost Matrix function (Fig. 3), specifying the relevant origins and
destinations along with the required information.

The OD Cost Matrix identifies the nearest facilities based on travel time when
the measurement unit parameter is set to time. Similarly, if the measurement units
are based on distance, the tool calculates travel distance. At least one origin and one
destination must be specified for the tool to operate successfully. The OD Cost
Matrix allows the inclusion of up to 1 000 origins and 1 000 destinations, up to 250
point barriers, and a limited number of line or polygon barriers; however, line
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barriers cannot intersect more than 500 street features, and polygon barriers cannot
intersect more than 2 000 features [10].
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Fig. 3. OD Cost Matrix tool in ArcGIS Desktop 10.x.

In this study, a similar analysis was conducted. Several public food areas,
including pubs, and banking services, such as ATMSs, located in the city of Yerevan
were selected, as these are currently in high demand in the tourism market. It was
assumed that identifying public food areas or pubs located near ATMs would be
advantageous, since tourists are likely to spend more money in these areas. To
address this problem, the OD Cost Matrix method was applied, with the necessary
input data presented in Table, which illustrates the origin—destination relationships.

Table 1

Attribute table of the OD Cost Matrix for ATM’s in Yerevan

3 51] Polyline | Pub Tyl due - STH 74 3 1 0.729377
B 26 |Polyline | Pub: Ul w4l doug - ATWHSBC 73 1 1 0771558
B 19 |Polyline | Pub:lint pup - ATM:HSEC 72 1 1 0863298
N 13 |Polyline | Pub:Mugmals - AT HSBC 2l 1 1 0819745
B 7 |Potyline | Pub- Flpra - ATMHSEC 70 1 1 0951777
B 1 |Polyline | Pub:Sngumas gu - ATMHSBC ] 1 1 1132689
B 26 |Polyline | Pub:Tnpn s i g - ATM 73 3 2 1.390844
N 32 |Polyline | Pub:Tnmipa duus - ATMIHSEC 74 1 2 1399678
B 20 |Polyline | Pub:fd pup - ATM 72 3 2 1492554
B 14 |Polyline | Pub:Mugmuls - ATM il 3 2 1539032
B & |Polyline | Pulb:k Fipna - ATM 70 3 2 1571063
N 2[Polyline | Pubo:Sagunns g - ATM ] 3 2 1.751976
B 27 |Polyline | Pub: o gt doug - &M 73 2 3 4539065
B 21 |Polyline | Pubilat pup - ATM 72 2 3 4691708
B 15| Polyine | Pub:Mugmuls - AT il 2 3 4738155
N a|Polyline | PUbiL Flpa - ATM 0 2 3 4770167
B 3|Polyline | Pub-Sngunns gu - ATM ] 2 3 4851093
B 33 |Polyline | Pub: Tl duug - ATM 74 2 3 5.218088
B 34 |Polyline | Pub: Tl duug - ATM 74 4 4 6538562
B 35 |Polyline | Pub: Tl dus - ATH 74 B 5 653862 |

"o 1r H = (1 out of 36 Selected)

Tines;
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As a result, the following matrix-based map was generated (Fig. 4).

Fig. 4. Spatial Distribution of Banking ATMs in
Yerevan: OD Cost Matrix Analysis.

In the matrix, vertical connections represent the interrelationships among the
selected objects, while the values of the OD Cost Matrix indicate the calculated
travel times between them. This approach enables the examination of the spatial
organization of the tourism market and the assessment of service accessibility within
the context of tourism planning and management, using both visual and quantitative
analyses. The application of this matrix-based method allows for a more efficient,
systematic, and highly accurate analysis of the tourism market.

Confusion Matrix. The Confusion Matrix is an analytical tool commonly used
in data classification to evaluate model performance when both actual and predicted
classes are available. It provides a method for comparing the output of a network or
system and assessing the accuracy of classification systems (Fig. 5) [15].

In ArcGIS Pro, the Confusion Matrix is primarily used for image classification
analysis, for example, to assess the accuracy of satellite image classifications. It can
also be applied during the analysis of other spatial data when it is necessary to
compare classification results with actual data.



Proceedings of the YSU. Geological and Geographical Sciences, 2026, 60 (1), p. 31-40. 37

B " Compute Confusion Matrix = (m] X
3 Input Accuracy Assessment Points Output Confusion
1 |hh-sahman ~ & Matrix

4 © Output Confusion Matrix
= e output file name of the

onfusion matrix in table
format.

e format of the table is
determined by the outp

geodatabase table. If the

geodatabase, specify a .dbf
lextension to save it in

OK Cancel Environments... << Hide Help Tool Help

Fig. 5. Confusion Matrix tool in ArcGIS Desktop 10.x.

In the context of spatial analysis, the Confusion Matrix can be useful, for
instance, when testing a data model that predicts the categorization of different areas
(e.g., levels of environmental risk, types of land use, or urban and rural boundaries).
It can show which areas are misclassified, thereby enabling improvements in model
accuracy.

If specific domain applications are considered, the Confusion Matrix can
assist, for example, in tourism data analysis by evaluating how accurately certain
areas are classified as high- or low-visit zones based on actual data. The Confusion
Matrix can be applied to tourism data analysis when it is necessary to assess the
accuracy of data classification. The method can be used as a tool for managing flows
and tourist attractions by evaluating classification accuracy and detecting
misclassifications.

Thus, enhancing the efficiency of tourism management in the Republic of
Armenia requires the use of matrix-based models, which enable the analysis and
management of tourism flows. These approaches facilitate the development of
evidence-based strategies and ensure the optimal administration of tourist services.

Conclusion. Tourism is one of the primary sectors of the economy in the
Republic of Armenia, and its effective development is largely dependent on the
presence of a data-driven management system. Although interviews, statistical
surveys, and the BEMIS system are commonly employed in the sector, they do not
fully reflect the actual structure of tourism flows and the purposes of visits, which
limits the effectiveness of management decisions.

A review of the literature specific to the tourism sector has shown that most
authors emphasize the existing challenges in the collection and analysis of tourism
data; however, comprehensive and systematic solutions to address these challenges
have not yet been sufficiently developed. In this context, the main objective of this
study was to propose a methodological approach that would enhance analytical
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precision in the sector and enable data-driven decision-making. To achieve this goal,
a matrix-based method was selected, which provides structural organization of the
data, allows for the identification of spatial and seasonal patterns, and serves as a
basis for informed decision-making in the tourism sector.

According to established perspectives, interdisciplinary research increases the
value of sector-specific scientific analysis. By combining this approach with
cartographic methods, it was possible to develop the OD Cost Matrix for the city of
Yerevan. The integration of matrix-based analysis and cartography allows for the
visualization of the tourism market and the conduction of spatial data analysis. In
summary, matrix-based methods can serve as effective tools for managing tourism
flows and attractiveness, being applicable not only within the Tourism Committee
of the Republic of Armenia but also in Destination Management Organizations
(DMOs) and non-governmental organizations (NGOSs).
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M. C. TALIISH, A. C. [TMJIOSAH

NCIIOJIb3OBAHUE MATPUL[ B YIIPABJIEHNU TYPUCTUYECKOU
CUCTEMOU PECITYBJIMKN APMEHUA

Pe3zmome

Lens pganHOW cTaThl — OOOCHOBaTb HEOOXOAMMOCTb IPUMEHEHHUS
MaTPUYHBIX MOJIEJTIEH B CHCTEME YIIpaBJIEHUS TypU3MOM Ha mpumMepe PecryOnmku
ApMeHUs ¥ POAEMOHCTPUPOBATh UX 3()(HEKTUBHOCTD B KauyeCTBE MHCTPYMEHTOB
MIPUHATHUSA PEUIEHUH HA OCHOBE JaHHBIX Ul TYPUCTHUYECKOTO CEKTOpA.
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B pabote n3yuanace cuctema ynpaBieHHs TYPU3MOM, B YaCTHOCTH IIPOCTPaH-
CTBEHHBIE B3aMMOCBSI3H TYPHCTUIECKONH WH(PPACTPYKTYPHI, BKIFOUAS TPEATIPUSTHS
OOIIIECTBEHHOTO NHTAaHUS M OAaHKOBCKHE YCIyrd (OaHKOMAThI), M TPOBOAMIACH
OLICHKAa WX JOCTYNHOCTH C HCIOJNb30BaHHEM MaTPUYHBIX METOAOB. B xoze
UCCIIEIOBaHUS TPUMEHSITUCh HHCTPYMEHTBI TeOMH(OPMATHKH B KapTorpapuu JUis
MPOCTPAHCTBEHHOTO aHANN3a W BHU3YAIHM3AallM{ JaHHBIX, CBS3aHHBIX C TYPHU3MOM.
JaHHBIE METOMOJOrMYECKUH TOAXOJ MO3BOJSIET BBISBIATH MPOCTPAHCTBEHHBIC
B3aNMMO3aBUCUMOCTHU U NNOBBIIIATH TOYHOCTh AHAJIUTUYCCKUX PE3YJILTATOB.

B pesynbraTte ¢ ucnoip3oBanneM nporpaMmHoro odecreueHust ArcGIS Pro
OBLJ1a TMpOBe/IeHa MPOCTPAHCTBEHHAS aHAJINTHKA pa3MelIeHns OaHKOBCKUX OaHKO-
MaToB ¢ mpuMeHenueM uHcTpyMenTa OD Cost Matrix Ha npumepe ropoja EperaH.
OTOT MHCTPYMEHT TO3BOJISIET BBISBIATH W H3MEPATH MapIIPYTHl C MUHAMAaTbHBIMHU
3aTpaTaMH MO CETH OT HECKOJBKUX TOYEK OTHPABICHHS K HECKOJIBKHM ITYHKTaM
Ha3HaA4YCHMUA.

PC3YJ'H)T3TI>I IMOKa3bIBalOT, YTO MATPHUYHBIC METO/IbI ABJIAIOTCS S(b(l)CKTI/IBHBIMI/I
WHCTPYMEHTaMH YIPABICHUS TYPUCTUIECKIMH TTOTOKAMH M TIPHUBIIEKATEIHHOCTHIO
TYPUCTHUECKUX HaNpaBJIeHUH, U MOTYT NMPUMEHAThCA He Toibko B Kommurere mo
TypusMmy Pecrny6Gnuku ApMeHHs, HO U OpraHU3alUsIMU YIpPaBICHUs JeCTHHALNEH
(DMO), a Taxxe obmecTBeHHBIME opranuzanusamu (NGO).



