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THE IMPACT OF SOCIO-DEMOGRAPHIC INDICATORS ON URBAN SHOPPING TRIP
PARAMETERS

Understanding the factors influencing a user's choice of mode and travel time within an urban transport system
is a crucial element of urban mobility research. This study focuses on the characteristics of shopping trips, which are
less time-regulated compared to work or school commutes but have a significant impact on urban traffic flows. The
aim of the research was to identify the connections between socio-demographic indicators and people's choice of place
and time for shopping. An online survey was conducted among residents of Lviv, yielding 152 responses suitable for
further analysis. The results indicate that the likelihood of using transport is much higher when shopping at large malls
or markets (64.2%) compared to shopping at smaller stores (31.3%). Most shopping trips are made in the afternoon
(after 3:00 p.m.). The study of the influence of socio-demographic characteristics on the choice of shopping location
and time was carried out using the cross-tabulation method, followed by a y2-test to verify the hypothesis of variable
independence. According to the results, car ownership significantly influences the choice of shopping location, while
gender and household income affect the choice of shopping time. A further cluster analysis based on statistically
significant indicators, using the k-means method, identified five population clusters with distinct preferences for
shopping time and location. These findings are valuable for modeling shopping trip demand and distribution over time
and space.
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INTRODUCTION

Studying population demand for transportation is a crucial element for understanding the factors
influencing it, assessing and planning urban transport system parameters, finding ways to promote
sustainable urban mobility, and developing measures that encourage such mobility.

The purpose of a trip plays a key role in evaluating and forecasting transportation demand, especially
when analyzing its distribution across different times of day and spatial orientation [1, 2]. Work and
educational trips are usually time-concentrated and, due to their specific nature, often require the transport
system to adapt to their demands. On the other hand, trips for other purposes tend to offer more flexibility in
terms of time and direction and are more influenced by individual behavioral habits and preferences. This is
particularly relevant to shopping trips [3].

The transition to sustainable mobility is a complex process that requires the involvement of various
stakeholders, from businesses to policymakers. It involves numerous actions related to legislative decisions,
automotive manufacturing, land use, and transport infrastructure planning. However, there is a growing body
of research emphasizing that changes in population travel behavior can have a decisive impact on the
implementation of sustainable mobility models [4].

ANALYSIS OF LITERATURE DATA AND FORMULATION OF THE PROBLEM

Since shopping trips are among the most common types of trips [5], transport researchers are
particularly interested in understanding their impact on the volume of population movements. In general,
several research directions can be distinguished in this field:

-Modeling demand for shopping trips [6].
-The impact of land use parameters on consumer behavior [7].
-The effect of online shopping on demand for physical shopping trips [8].
-The study of factors influencing the mode choice for shopping trips [9].
Table 1 presents the results of a literature review focusing on urban shopping trips.

Table 1. Research on the parameters of urban shopping trips

References Research task Considered indicators Using methods
Bhat & Steed, 2002 [10] | Development of a Socio-demographic Baseline hazard function
departure time choice indicators, type of with a non-parametric

model for shopping trips | purchase, start location | form
of the shopping trip
(home/non-home)

Saito & Yamashiro, Estimation of the cost of | Socio-demographic -
2018 [11] indicators, place of
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a shopping trip

purchase

Ma & Cao, 2019 [12]

Mode choice for a
shopping trip

Socio-demographic
indicators, shopping
place frequency

Structural equation
modeling

Jonker & Venter, 2019
[13]

Predicting the length of
a shopping trip (by car)

Type and size of the
shopping center

Data analysis of mobile
GPS loggers

Ramos et al., 2020 [14]

The frequency of using
the car for trips
(depending on the
purpose of the trip)

Socio-demographic
indicators, city size,
attitude to driving

Factor analysis, linear
regression

Zhuk et al., 2020 [15]

The likelihood of
choosing a PT for a
shopping trip

Socio-demographic
indicators, weekday, trip
duration

Classification decision
trees

Yamada & Hayashida,
2020 [16]

The correlation model
between the duration of
a shopping trip and the
length of stay at the
place of purchase

Socio-demographic
indicators, shopping trip
duration, shopping
duration

Cluster analysis,
multiple regression

Arranz-Lopez et al.,
2023 [17]

Choice of shopping
place (online or offline)

Socio-demographic
indicators

Fractional regression

It is worth noting that most existing studies of shopping trips focus on assessing the impact of different
factors on the choice of trip mode, but usually, a person first chooses a place to buy and then the mode of
travel to that place. We also found a limited amount of literature that examines the time of such trip.

RESEARCH QUESTIONS

Based on the literature review, the following research questions are formulated:

1.RQ1. What are the peculiarities of the purchasing behavior of the population of a large city with a
significant density of possible places to make a purchase?

2.RQ2. What socio-demographic indicators of the population influence the choice of the place of purchase
and the time of the shopping trip?

RESEARCH RESULT

To collect data for the study, an online questionnaire was developed (available at
https://forms.gle/eHQtGPBdvKBf4Fue8). The questionnaire consists of three parts: questions about general
shopping behavior (frequency of food and non-food purchases, preferred shopping location, and mode of
travel), questions about the last offline purchase (place, time, amount, mode of travel), and a block of
respondent sociodemographic characteristics. The survey was conducted between March and June 2024. As
a result, 323 responses were received, including 152 from Lviv residents. Since population density and land
use characteristics differ in urban and rural areas, it is incorrect to generalize survey data on the purchasing
behavior of residents of such areas. Therefore, for this study, we selected a part of the sample consisting of
respondents who indicated Lviv as their current place of residence. Lviv is a large city with a population of
over 717 thousand people and a population density of over 4816 people/km? (official statistics as of February
01, 2022; no newer data are available, but internal migration processes related to the war have increased the
population in Lviv).

The survey sample comprises 59 men (39%) and 93 women (61%). Among the respondents, 50% are
young people under the age of 20, 23.7% are aged 21-30, 13.8% are aged 31-40, and 12.5% are over 40.
Among them, 31% are employees, and 62% are students. 52.6% also own a car. Table 2 shows the sample
distribution by household size and income level.

Table 2. Some sociodemographic characteristics of the sample

ncome level | L (<8000 2 (8000- 3(14000- | 4 (20000- 5 (30000- | 6 (>40000
UAH) 14000 UAH) | 20000 UAH) | 30000 UAH) | 40000 UAH) UAH)
Share of 20.4 1322 125 11.8 1322 28.9
sample, %
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Household 1 (living 2 3 4 5 (5 and more
size alone) members)
Share of 17.8 19.1 18.4 29.6 15.1
sample, %

The majority of respondents (almost 84%) indicated a small store or market as their main place of
purchase of food products (Fig. 1a). Non-food products are also more often bought in small shops or
markets, but the difference with other places of purchase is not so big (Fig. 1b).

online retail;

large physical 5%
retail place;
11%

online retail;
16%

small physical
retail place;

" 49%
large physical

retail place;
35%

small physical
retail place;

84%

a) b)
Fig. 1. Preferences shopping place: a) for food products purchase; b) for non-food products purchase

The type of purchase and the purchase place are related to other purchase parameters, in particular, the
time and method of travel for the shopping (Fig. 2). This is important information for assessing the impact of
shopping trips on the volume and distribution of correspondence in the urban area.
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Fig. 2. Main shopping trip parameters: a) large physical retail place; b) small physical retail place

The frequency of using transport for shopping trips is much higher if you shop in a large shopping
center or market: 64.2% (of which 45.3% use private transport) vs. 31.3% (of which 12.1% use private
transport). The logical explanation is the lower density of large shopping centers and markets compared to
small shops and, accordingly, the lower likelihood for a user to have such a place to shop within walking
distance. More than half of the respondents make purchases in the afternoon (after 15:00). This percentage is
slightly higher for shopping in large shopping centers or markets: 66% vs. 60.6%.

To study the influence of socio-demographic characteristics of the population on the choice of place
and time of purchase, for each pair “socio-demographic characteristic - purchase characteristic”, we built
contingency tables with the subsequent ¥? test (to test the hypothesis of independence of variables). Such
tables are used to analyze the results of surveys where data are presented in the form of categorical variables
[18].

Contingency tables show the change in the frequency of occurrence of certain values of one variable
depending on the change in the values of another variable. For example, according to the contingency table
of the relationship between respondent's gender and place of shopping (Table 3), the survey sample includes
59 men, 41 of whom usually shop in a small shopping center/market and 18 of whom usually shop in a big
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shopping center/market, and 93 women, 58 of whom usually shop in a small shopping center/market and 35
of whom usually shop in a big shopping center/market.

Table 3. Contingency table for a pair of variables “Gender — Shopping place”

Value Shopping place sum
Gender small shopping center/market big shopping center/market
Male 41 18 59
Female 58 35 93
Sum 99 53 152

To conduct a ¥? test, you first need to calculate the expected (theoretical) frequencies, which are valid
for the case when the hypothesis of independence of the variables under study is true [19]:
R -C,
Eij = T (1)
Where R, - the sum of observed frequencies in the i-th row;
C, - the sum of observed frequencies in the j-th column;

N - the total number of observations.
The value of §? is determined by the formula [19]:
(0, -E,)’
=Y 2
E;
Where O; - the observed frequencies.
Results for a pair of variables “Gender — Shopping place” are presented in Table 4.

Table 4. Expected frequencies and the value of y2 for a pair of variables “Gender — Shopping place”

Value Expected frequencies for shopping place The value of y2 for shopping place
Gender small shopping big shopping small shopping big shopping
center/market center/market center/market center/market
Male 38.4 20.6 0.17 0.32
Female 60.6 32.4 0.11 0.20
Sum 0.81

The calculated y? value is compared to the critical value for the selected significance level and number
of degrees of freedom. For the pair of variables “Gender - Shopping place”, the number of degrees of
freedom is df = 1. The critical value of y? for the significance level o= 0.05 is 3.81, for a = 0.10 y*> = 2.71.
That is, in this case, the hypothesis about the independence of the preferred shopping place from the
respondent's gender is confirmed.

The same calculations were carried out for all pairs of considered variables. The results are
summarized in Table 5.

Table 5. Calculation results of the influence of sociodemographic characteristics on the choice of
shopping place and time

Variable/number of

Place of shopping / 2

Shopping time / 5

categories
Calculated ¥*= 0.81 Calculated ¥*= 8.22
Critical 2 (df =1, a =0.10) =2.71 Critical 2 (df =4, =0.10)=7.79
Gender /2 " SsRNO " ssR - YES
Cramer's V = 0.23
Calculated ¥*= 3.88 Calculated y*= 18.03
Age/4 Critical 2 (df =3, a=0.10) = 6.25 Critical ¢ (df =12, 0 = 0.10) = 18.55

SSR-NO

SSR-NO

Household / 5

Calculated ¥?>=0.73

Calculated ¥?= 18.39
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Critical 42 (df =4, a=0.10)=17.79 Critical y? (df = 16, a = 0.10) = 23.5
SSR - NO SSR - NO
Calculated ¥*>=7.98 Calculated ¥?= 33.97
Income level / 6 Critical 2 (df =5, a=0.10)=9.23 Critical ¢ (df =20, 0 =0.05)=31.4
SSR-NO SSR - YES
Cramer's V = 0.24
Calculated y*=7.63 Calculated y*=1.31
. Critical y*> (df = 1, 0 =0.05) = 3.84 Critical y* (df = 4, 0 =0.10) =7.79
Private car owner / 2 SSR — YES SSR — NO
Cramer's V = 0.22
Calculated y*=3.14 Calculated y*= 7.62
Profession status / 3 Critical ¢ (df =2, a=0.10)=4.6 Critical y? (df =8, a=10.10) = 13.36
SSR - NO SSR - NO

1 SSR - statistically significant relationship

According to the obtained results, there is a statistically significant relationship between the three pairs
of parameters. The choice of the shopping place is influenced by the presence of one's car, and the time of
purchase is influenced by gender and income level. Kramer's test was performed to determine the strength of
the relationship between the studied parameters. The obtained results indicate the presence of a moderate
relationship between the studied factors (the value of Kramer's V is in the range from 0.1 to 0.3) [19].

A cluster analysis of the data was carried out using a set of variables between which a statistically
significant relationship was found (using XLSTAT 2024.2.2.1422). A graph of silhouette estimates for the
formed clusters is presented in Fig.3, and the results of ANOVA variance analysis are presented in Table 6.

Observations

-0,1 0 0,1 0.2 0,3 04 05 0.6 07

Score

| mChistr 1 mCluster? mCluster3 mClusterd mCluster 5 |

Fig. 3. The graph of silhouette estimates when dividing the sample into 5 clusters (using k-means
method)

Table 6. The results of the ANOVA analysis of the variables that are taken into account in the cluster
analysis

. Degrees of Mean squares DF Mean squares F- Pr>F

Variable Freedom - DF (Model) (Error) (Error) statistic | (p-value)
(Model)

Place of shopping 4 0,847 148 0,212 3,997 0,004
Shopping time 4 33,042 148 0,375 88,161 | <0,0001

Gender 4 0,849 148 0,222 3,816 0,006
Private car 4 2,214 148 0,198 11,207 | <0,0001
Income level 4 128,316 148 0,327 392,983 | <0,0001

Characteristics of the resulting clusters:
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-Cluster 1: women with their own car and a high average monthly household income (over 30000
UAH/month). This cluster usually makes purchases in small shops or local markets in the morning
and lunch periods (from 9:00 to 15:00).

-Cluster 2: men without their own car and with a relatively low average monthly household income
(up to 20000 UAH/month). This cluster also usually shops in small shops or local markets during
the morning and lunch periods (from 9:00 to 15:00).

-Cluster 3: women with their own car and an average monthly household income of 14,000 to 30,000
UAH/month. This cluster usually makes purchases in large shopping centers or markets during the
lunch and afternoon periods (from 12:00 to 18:00).

-Cluster 4: car owners with a high income level (above 30000 UAH/month), who usually make

purchases in the afternoon and evening (after 3:00 p.m.) in large shopping centers or markets.

- Cluster 5: Population with low household income (less than

14000 UAH/month) and without a car), who usually shop in the afternoon and evening (after
15:00) in small shopping centres or markets. This cluster is the clearest (since the silhouette scores
have the highest values).

A P-value < 0.05 indicates a significant effect of all variables on clustering results. The variables "time
of purchase™" and "income level" have the greatest influence, because they have the smallest p-values and, at
the same time, the largest F-values. The moderate F values for the variables “place of purchase” and
“gender” indicate their smaller influence compared to the other variables.

DISCUSSION OF THE RESULTS OF THE STUDY AND SUMMARY

Shopping is a tangible part of daily trips in urban areas. According to the results of urban mobility
studies, the share of these movements in Lviv is 18% [20]. Therefore, studying the purchasing behavior of
the population is an important element of studying the travel demand.

In modern conditions, potential buyers have three main options for choosing a place to shop: buy in
small shops or markets, which are often within walking distance from home or on the way from home to
work/study; buy in large shopping centers or markets; make an online purchase. The results of the surveys
conducted in Lviv show that 95% of respondents usually buy food products offline, and 84% buy non-food
products offline. When making purchases in large shopping centers or markets, the share of respondents who
choose transport for trips is more than 64%. When buying in a small store/market, the share of transport
users for trips is 31.3%.

The impact of shopping trips on the functioning of the city's transport system depends on the time and
mode of travel. It is obvious that moving with the use of transport, especially during peak periods,
contributes to the additional load of the street network. When studying the correspondence of the population,
many researchers emphasize the factors of the choice of the trip mode. However, the method of movement
depends on the place of purchase. Therefore, in the current study, the place of purchase itself was chosen as
the selection parameter.

The assessment of the presence of a correlation between the socio-demographic characteristics of the
respondents and the place and time of their typical purchase was carried out using the cross-tabulation
method, followed by the calculation of the Chi-square independence criterion. The correlation between
owning a car and place of purchase was found to be statistically significant. Gender and average monthly
household income affect the time of purchase. Further cluster analysis revealed population groups with
pronounced preferences for shopping place and time.

Further research involves the formation of models for choosing the mode of shopping trips and
forecasting the distribution of shopping flows in the urban area, considering the density of location and the
accessibility of places for shopping.
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Kyk M.M., Iliemopak I.B., Mapkeeuu A.l. Bnams couiajbHO-IeMOrpaiyHux NOKa3HUKIB
HACeJICHHSI Ha apaMeTpPH NepeMillieHb MiCbKOI0 TEPUTOPI€I0 3 METOK MOKYINOK

Po3ymiHHS YMHHHKIB, SKi BIUIMBAalOTh Ha BHOIp KOPHCTyBadeM MIChKOI TPAHCIIOPTHOI CHCTEMH
croco0y Ta Yacy CBOrO MEPEMIIICHHS, € BaXIMBUM EJIEMEHTOM JIOCIHI/DKeHHS Michbkoi MOOiuIbHOCTI. B
poOOTi aKIEHTYeThCS yBara Ha OCOOJMBOCTSX TIEPEMINIEHh 3 METOK TIOKYIOK, SKi € MEHII
periIaMeHTOBaHUMH TOPIBHAHO 3 pOOOYMMH UM HABYAJIILHUMHM IOi3/IKAMH, ajieé MalOTh 3HAYHUU BIUIMB Ha
TPaHCHOPTHI TOTOKM Yy MicTi. MeTow JOCHi/pPKeHHS OyJI0 BH3HAYCHHS 3B’SI3KIB MIDK COIIaJIbHO-
neMorpadiyHIMU TIOKa3HUKAMH HACeJIeHHS 1 1X BUOOPOM MICIIS Ta 4Yacy JUisi 3A1MCHEHHS MOKYMHoK. J{is
300py HaHMX TPOBENCHO OHJIAWH-ONMTYBAaHHS cepel HaceleHHA wicta JIbBOBa, B pe3ynbTaTi SKOTO
orpuMaHo 152 mpuaatHi Ui MOJANBLIOTO aHami3y BiamoBimi. PesynmpTaTw ommTyBaHHS CBigyaTh, IO
HWMOBIPHICTh BUKOPUCTAHHS TPAHCIIOPTY 3HAYHO BUINA MPH MOKYITKAX Y BEJTMKHX TOPTOBHX IEHTpax abo Ha
puHKax (64,2%), NOPiBHSHO 3 TOKYNKaMy B MeHIINX Mara3uHax (31,3%). BinbIicTh OKYIIOK BUKOHYETHCS
y mooOignid yac (micims 15:00 rom). JociimkeHHS BIUIMBY cCOLialbHO-IeMOrpadiuHuX XapakTEPHUCTHUK
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HaCeJICHHs Ha BUOIp HUMH MICIll MOKYIKH Ta 4Yacy BHKOHAHHS TOKYIKH TPOBEJICHO 3 BHKOPHUCTAHHSIM
METOAY KPOC-TaOYJAIii 3 TMOMANBIITNM MPOBEACHHAM Y2-T€CTY IS MEPEBIPKH TIMOTE3W MPO HE3AICKHICTH
3MIHHHUX. 3TiIHO OTPUMAaHUX Pe3yJbTATiB, HA BUOIp MiCUs MOKYIOK 3HAYHO BIUIMBAE HASBHICTH BJIACHOTO
aBTOMOO1IISI, a Ha BUOIp Yacy — CTaTh Ta piBeHb JOXOAY AoMorocmonapcrtsa. llomanpmmidi KiacTepHUH
aHalli3 Ha OCHOBI CTAaTHCTHUYHO 3HAYYIIMX MOKA3HUKIB, MPOBEAEHUH 3a IOMOMOTOI0 METOony k-cepemHix,
JTO3BOJINB BHSIBUTH IT'ATH KJIACTEPIB HACENEHHs 3 BHPAXCHHMH IepeBaraMu y BHOOpI micus 1 9acy amns
NoKynok. OTpuMaHi pe3ylbTaTH € KOPUCHUMH [Jsl MOJETIOBAHHS TOMHUTY Ha MEpeMillleHHS 3 METO0
MTOKYTIOK Ta PO3MOILTY IIUX TEPEMIIIEeHb B Yaci i IPOCTOPi.
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