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Abstract: In the context of the growing use of scanner data in inflation measure-
ment, a key methodological challenge remains the choice of the appro-
priate price index formula and data filtering method. This article aims
to investigate the impact of these choices on the results of price dynam-
ics measurement. The paper analyses transactional data collected from
point-of-sale terminals in Polish supermarkets for selected product groups:
coffee and milk. Various price index formulas - including unweighted bilat-
eral (Dutot, Carli, Jevons), weighted bilateral (Tornqvist, Fisher), and mul-
tilateral (Geary-Khamis, CCDI) - were compared, and the influence of dif-
ferent scanner data filtering methods was tested. The results show that
both the choice of the price index formula and the applied scanner data
filtering method have a measurable and significant impact on the assess-
ment of price dynamics. These differences can lead to diverse interpreta-
tions of inflation, which underscores the need for conscious and justified
methodological choices when using scanner data in price statistics.
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1. Introduction

The Consumer Price Index (CPI) should reflect actual inflation as accurately as possible for vari-
ous reasons. One of them is the fact that it is used to index nominal values in the economy, influ-
encing social policy and pricing decisions by business owners. One of the methodological chal-
lenges of consumer price research is the necessity to diversify data sources and automate data
processing. The increasing availability of electronic transaction datasets for the Consumer Price
Index (CPI) presents a significant opportunity for national statistical institutes (NSIs) to ele-
vate the precision of their index numbers. The data facilitate the deployment of more advanced
analytical techniques that can account for the fluid nature of consumption habits far more ef-
fectively than conventional fixed-basket approaches (Chessa, 2021). One solution is acquiring
and processing scanner data. We define scanner data as ‘transaction data obtained from retail
chains containing data on turnover, quantities per item code based on transactions for a given
period and from which unit value prices can be derived at item code level’ (Eurostat, 2017).

Scanner data are generated by point-of-sales terminals in shops which log each trans-
action. Scanner data can be sourced from numerous types of retailers, including supermar-
kets, pharmacies, hardware stores, electronics shops, clothing stores, and many others. Pres-
ently, scanner data are mainly used to substitute price collection in supermarkets, especially
for items such as food, beverages, and the personal and household care products available
there. As previously mentioned, this guide will focus exclusively on these product categories.
Scanner data have several advantages over traditional price collection. They are relatively
inexpensive, with their collection and processing being automated. They include information
on the actual expenditure for all item codes sold. Integrating scanner data into inflation mea-
surement enhances the data collection process, reduces associated costs, and provides a more
accurate representation of shifts in consumer behaviour.

The main objective of this study was to investigate how the choice of a price index formula
impacts the final inflation indicator values. Specifically, the aim was to examine the differences
that may occur between the values of bilateral and multilateral indices. The analysis was con-
ducted using scanner data from the Polish retail market, covering the period from December
2019 to December 2020. The study focuses on comparing several types of price indices: un-
weighted bilateral indices (Dutot, Carli, Jevons), weighted bilateral indices (Térnqvist, Fisher),
and multilateral indices (Geary-Khamis, CCDI). According to Eurostat (2020b), multilateral in-
dices are the most strongly recommended approach for scanner data analysis, as they better
account for product turnover and mitigate chain drift.

The results clearly indicate that the selection of a specific price index formula significantly
influences the values of the inflation indicator, which leads to varied interpretations of price
dynamics. The differences in the calculation results are presented and discussed in detail, al-
lowing for an assessment of the methodological consequences within the Polish context.
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2. Measuring Inflation
2.1. Indices for Measuring Inflation

The CPI is a measure of inflation that is closely observed by consumers, businesses, and poli-
cymakers as price movements in the economy reflect changes in the value of money over time.
In most countries, inflation measurement is conducted by statistical offices, although central
banks (e.g., the National Bank of Poland) are also interested in this measurement. In Poland,
Statistics Poland makes calculations based on representative goods and services, including typ-
ical products or services most commonly purchased by households (Statistics Poland, 2019).

In official statistics, two price indices are used to measure inflation. The first is the CPI, which
represents the inflation rate in a given country. It approximates changes in household consump-
tion costs to maintain a constant utility level (Hatka, Leszczynska, 2011) and serves as a proxy
for the Cost of Living Index (COLI). The CPI measures changes in the prices of goods and services
purchased by households for consumption and informs monetary policy, social protection ben-
efits, financial instruments, and the indexing of commercial contracts, wages, pensions, and re-
tirement benefits (Eurostat, 2024).

The second indicator is the Harmonised Index of Consumer Prices (HICP), created by
the European Central Bank to ensure a high-quality comparison of consumer price inflation
between countries. The HICP aims to deliver a reliable and consistent metric for comparing
consumer price inflation. It employs different formulas to aggregate prices and price indices
depending on whether products are weighted or not. The HICP is a cost of goods (and ser-
vices) index, i.e., it measures the changing costs of a fixed basket of products at different sets
of prices over time. Prices used to measure the HICP should reflect those actually paid by
households and must include costs related to reservations and deliveries often associated
with online purchases (Eurostat, 2024).

The CPI is measured monthly. To accurately reflect the current consumption patterns
of households, the data must be sourced from various sources. According to Statistics Poland:
‘Price data are sourced from price lists, regulations, and decisions regarding uniform prices
applicable nationwide or in parts thereof, issued by government and local administration bod-
ies, and economic entities (e.g., prices of selected pharmaceutical products, notarial services, or
banking services). Another method of data collection is searching for appropriate data on web-
sites and virtual domains of stores. This method is used to gather data on, among other things,
airline ticket fees’ (Statistics Poland, 2019).

Statistics Poland collects over 230,000 prices monthly, with the most significant num-
ber (72,000) being single prices for the ‘food and non-alcoholic beverages’ category. Sta-
tistics Poland also gathers information on the characteristics of selected products, such as
raw material composition, model, and weight. To measure inflation, it is necessary to have
information on price notations for identical goods and services in two compared periods
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and on the expenditure structure of households (Statistics Poland, 2019). The number of price
notations collected is increasing yearly due to the growing diversity of goods and services of-
fered, as well as new ways to acquire such information, such as using scanner data.

The weights necessary to calculate the CPI are obtained by grouping expenditures on goods
and services collected from household budget surveys. The ‘inflation basket’ structure consid-
ers typical goods and services most commonly purchased by households.

Data used to construct the HICP weights also come from various sources. National accounts
data (at different levels of aggregation) are the main source because regulations require this.
Their undeniable advantage is that they are structured and organised according to the Euro-
pean Classification of Individual Consumption by Purpose. Other data sources include house-
hold surveys, market research, retail trade data, and administrative sources. The traditional
method of price recording by interviewers has a well-established methodology and a long
history. However, technological advancements, particularly in information technology, enable
the use of alternative sources of product price data, such as scanner data (which are primar-
ily obtained from supermarket chains) and scraped data (which are automatically collected
from websites). The scope of price notations collected from alternative sources has been in-
creasing yearly (Statistics Poland, 2024).

3. Scanner Data as a Modern Data Source in Inflation
Measurement

3.1. Advantages, Disadvantages, and Methodological Challenges

The advent of barcode scanner technology in the 1970s gave rise to scanner data, a new form of infor-
mation quickly recognised for its value in understanding consumer choices and demands. The data
have since fuelled extensive research across various economic behaviours, particularly in indus-
trial organisation, marketing, and increasingly in public, health, and macro/monetary economics
(Duboais, Griffith, 0’Connell, 2022). Scanner data serve as a modern source of transaction data, pro-
viding highly detailed and accurate information due to the immense number of observations ob-
tained by scanning consumer goods barcodes. The most common barcodes are GTIN (Global Trade
[tem Number) and EAN (European Article Number), the European version of GTIN (Eurostat, 2017).

Scanner data are a modern source of information about prices and consumption levels. Spe-
cifically, they provide data on prices and quantities of purchased products at the lowest level
of data aggregation, namely at the individual barcode level. One of the many advantages of us-
ing scanner data is that they contain information at the barcode or GTIN level, enabling prod-
ucts to be ‘recognised’ and classified into appropriate COICOP groups.

A clear benefit of scanner data is that they provide additional product information and in-
formation related to the seller’s code, point-of-sale identifier, product label, unit of sale (e.g.,
‘pcs,’ 'kg’), sales value, number of units sold, flag (containing information, e.g., about dis-
counted products), and VAT information. This is useful for aggregating elements into ho-
mogeneous groups. Scanner data are collected automatically and relatively cheaply (Biatek,

FOE 1(374) 2026 https://www.czasopisma.uni.lodz.pl/foe/ 25



Natalia Pawelec
The Use of Scanner Data for Price Indices Calculation: the Case of Poland

2020a). Moreover, they provide information about actual expenditures for all sold items, ex-
cluding unsold products. These data typically cover 2-4 weeks of each month and are some-
times transferred with daily or weekly frequency. All these advantages suggest that using
scanner data offers hope for improving the quality of the HICP (Eurostat, 2017).

However, one problem that arises from using scanner data is the overly detailed level of in-
formation about the product contained in the GTIN code. The GTIN code comprises 13 or 14
digits, including: 1 digit to indicate the packaging level, a 3-digit GS1 national organisation
code (country code), a 4-7-digit GS1 coding unit number, a 2-5-digit product code, and a check
digit. This makes it challenging to identify homogeneous product groups using this code be-
cause different codes may represent the same product with only packaging variations. In ad-
dition to GTIN and EAN barcodes, other barcodes, such as PLU (Price Look-Up) and SKU (Stock
Keeping Unit), also exist. The PLU code is shorter, and the SKU is more general than the GTIN,
and in practice, further complicating product identification.

The choice of the time frame can be problematic when aggregating scanner data because
many products change periodically, sometimes every quarter, month, week, or even day. Prices
are often higher on Saturdays, and sales value, transaction numbers, and prices peak in the af-
ternoon or evening (Biatek, 2020a).

The advantages and disadvantages of using scanner data are also linked to methodological
challenges that must be addressed during scanner data processing. One challenge is the need
to process and prepare the acquired data, which requires an appropriate IT structure and qual-
ified personnel. Scanner data can be sourced from points of sale, such as supermarkets, pharma-
cies, and travel agencies. However, the most valuable suppliers are supermarkets with a large
number of barcodes (typically between 10,000 and 25,000 barcodes, mainly for food and bev-
erages). Another source of scanner data is market research companies and electronic trading
platforms (e.g., Allegro or OLX, which operate in the Polish market). This results in greater
dependence on the supplier than in the past when it was only necessary to obtain permission
to visit the sales point. Nowadays, maintaining good relationships with retailers and having
legal agreements with retailers to define the cooperation details is crucial. Another signifi-
cant methodological challenge is selecting the appropriate price index formula for elementary
homogeneous product groups.

4. Choice of Price Index Formula

The choice of formula is one aspect of the broad spectrum of decisions to be made when working
with scanner data. When describing bilateral and multilateral methods (indices), it is import-
ant to acknowledge that using new data sources (including scanner data) is highly demanding
for statistical offices. This is due to the vast volume of data and the high turnover of products
associated with these sources (Statistics Poland, 2024).

In traditional data collection, elementary indices are used for the lowest level of data aggre-
gation, i.e., where data on only the prices of goods and services are collected by interviewers
in the field. Weighted indices are used at higher data aggregation levels, where the statistical
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office has knowledge of the level of consumption obtained through the Household Budget Sur-
vey (Eurostat, 2024). Nevertheless, the exception to this rule is scanner data. Scanner data,
even at the lowest level of data aggregation (i.e., at the barcode level), provide information
on the value of product sales; thus, it is then possible to use both weighted and unweighted indi-
ces (Eurostat, 2017). Some EU countries use the dynamic approach, whereby a sample of prod-
ucts is taken from month to month by appropriate data filtering (e.g., a low sales filter is ap-
plied), and a chained Jevons index (unweighted formula) is calculated (Van Loon, Roels, 2018).
However, there are also countries that implement weighted multilateral indices, e.g., Statistics
Netherlands has implemented the Geary-Khamis index into regular production at the barcode
level (Chessa, 2018).

The economic literature offers a wide range of price indices, each with its own specific ap-
plications as well as theoretical and empirical justifications. This analysis focuses on the indi-
ces selected by the author. A broader set of measures could be considered; however, to main-
tain clarity and transparency of the discussion, it was necessary to make a selection.

4.1. Bilateral Indices

Most National Statistical Offices use bilateral indices to measure the CPI, particularly
in the traditional data collection framework, using the Jevons index at the lowest aggrega-
tion level and the Laspeyres index at the highest level (Biatek, 2020b). These methods com-
pare current prices and quantities of goods with corresponding prices and quantities from
a base (fixed) period, making them transparent and easy to explain to users.

Unweighted Indices

The three most known elementary formulas are the Dutot index (Dutot, 1738), the Carli index
(Carli, 1804) and the Jevons index (Jevons, 1865), all of which are based on unweighted aver-
age prices or price ratios (Eurostat, 2020b). Eurostat prohibits the use of the Carli index be-
cause it generates charges that overestimate inflation. The Dutot and Jevons indices, which are
the two elementary aggregate formulas laid down in HICP regulations, do not suffer from this
problem (Eurostat, 2024). According to EUROSTAT, the most recommended formula is the Je-
vons index (Eurostat, 2020a)

The Dutot index is defined as the ratio of the average prices of goods from the current
and base months:

1 t
PO,t . No,t sz (1)
D )
W 2P

where:
N, ; - the number of matched products in the compared months;
T = 0 - the base period;
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T =t - the current period;

p; - the price of the i-th product in the period 7.

The second formula discussed in the article is the Carli index, which represents the arith-
metic mean of the partial indices:

1 N

>

1=

(2)

RN

ot

The last unweighted index discussed is the Jevons price index, which is calculated as the geo-
metric mean of the partial price indices:

0, P§ ot
Py =] (—) : (3)

i€Go, \ Pi
where:
p; - the price of the i-th product at the time t €10, t};
G, - products observed simultaneously in the months 0 (base) and ¢ (current);

N, = card Gy -

Weighted Indices

The second group of indices are weighted indices, including superlative indices firstly proposed
by Diewert (1976), such as the Térnqvist index (Térnqvist, 1936):

0, .t
85 +sl-

Prt= ] (p—) - (4)

where:

s and s’ represent the expenditure shares of the i-th in the base and current periods, re-
spectively.

The Fisher index (Fisher, 1922) is the geometric mean of the Laspeyres (1871) (P.B;)
and Paasche (Py;") indices (Paasche, 1874):

Pyt =/ PP, (5)

where:

PI?; - the Laspeyres index,

P! - the Paasche index.
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4.2. Multilateral Indices

Multilateral indices are particularly useful for scanner data and were initially introduced
to compare price levels between countries or regions (Gini, 1931; Elteto, Koves, 1964; Chessa,
2021). They provide transitive price comparisons, which is a desirable property because
the results are independent of the choice of the base country. As such, multilateral indi-
ces are considered a solution to the problems encountered with bilateral indices (Eurostat,
2020b). The price index measures the aggregate price change in the current period compared
to the base period. Multilateral indices include all products available in at least two periods
of a time window, usually 13 months, ensuring that the seasonality of products is considered.
Multilateral indices weigh each product according to its significance in each period and help
avoid issues related to chain drift found in bilateral indices (Eurostat, 2020b). Numerous
studies emphasise that the use of multilateral indices in scanner data analysis reveals their
advantages over simple bilateral formulas (see, e.g., Vartia, 2018; Diewert, 2022).

Multilateral indices are transitive, meaning their result for any two periods within the time
window does not depend on the choice of the base period. This transitivity is crucial for elimi-
nating chain drift. ‘In case of promotional sales with reduced prices, the quantities purchased
often increase substantially. But when the prices return to their original level, the quanti-
ties purchased of storable goods may not return to their ‘normal’ level. This type of asym-
metric behaviour can cause chain drift in superlative price indices, which is typically down-
ward’ (Eurostat, 2020b). Well-known multilateral methods include the GEKS index (Gini, 1931),
the Geary-Khamis (GK) index (Geary, 1958), and the CCDI (Caves Christensen and Diewert) in-
dex (Caves, Christensen, Diewert, 1982; Eurostat, 2020b).

The standard formula of the GEKS index (Gini, 1931; Elteto, Koves, 1964), which was orig-
inally used for international comparisons between countries or regions, is based on the su-
perlative Fisher index (Fisher, 1922). The GEKS index between the period 0 and period tis cal-
culated as the unweighted geometric mean of T + 1 bilateral price indices P** and P*?, which
are based on the same formula. Bilateral indices should pass the time reversal test, i.e., they
should satisfy P%**pP»@ — 1. The formula for the GEKS index can be expressed as:

T

Tt ﬁ
P
ngKszn( ; ) . ©)

7,0
7=0 PF

The Geary-Khamis index (Geary, 1958; Khamis, 1972) can be expressed as:

pot _ _uica, Piai/ Yic, PYA?

GK ’ 7
Eith ViGint/ ZieGo ViGKq? (7)
where:
T pz
G z i
Vi B = Z ¥Pi,GK sz ) (8)
z=0 Pgk
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z
z _ q;
P2,GK = T

e el (9)
ZTZO qz—
The CCDI index (Caves, Christensen, Diewert, 1982) is essentially the GEKS index based
on the Térnqvist formula, replacing the ‘standard’ Fisher index in GEKS. It is expressed as follows:

T pT,t T+r1
P((J)éDI:H( Z ) ) (10)

7,0
7=0 PT,

where:
s}—+s§

t pi\

T,_ i

=Tl (5)
1

1€Gry

T

s; - the expenditure share of the i-th product at the time 7;

s? - the expenditure share of the i-th product at the time ¢.

Despite their complexity, multilateral indices are recommended for compiling price indices
from transaction data. Due to their valuable axiomatic properties and the fact that they oper-
ate over the full-time window, multilateral indices are well-suited for index calculations when
working with scanner data. Research is still ongoing to determine the best multilateral indi-
ces for compiling elementary groups using scanner data. Scanner data offer many possibilities

for new research and development.

5. Selection of Samples: Static and Dynamic Approaches

Processing scanner data involves several key stages. One of them is to select the appropriate
price index, which was discussed earlier. Another crucial step is to determine the sampling
approach for products, which directly affects how the sales structure is represented in price
calculations. In this context, two primary approaches are distinguished: the static approach
and the dynamic approach (Van Loon, Roels, 2018).

5.1. The Static Approach

The static approach closely resembles traditional price collection methods and relies on a fixed
product sample. Product codes are selected at the end of the year and remain in use for the fol-
lowing 12 months. This selection is carefully designed to ensure that the sample accurately rep-
resents the sales structure for the entire year while minimising the impact of seasonal sales
fluctuations, such as those typical in December.
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Maintaining this sample requires balancing representativeness and feasibility. If a product
becomes less representative or is discontinued, it must be replaced with an equivalent item.
While this method follows conventional sampling procedures, it benefits from full transaction
data, allowing for a more informed selection of products and adjustments as necessary through-
out the year.

The static approach is particularly useful when scanner data are used on a limited scale
and need to be integrated with traditionally collected price data. In such cases, it may be prac-
tical to manually select product codes that best match the descriptions used in conventional
price collection. However, this method also has drawbacks - it is labour-intensive and does not
fully exploit the wealth of available scanner data.

5.2. The Dynamic Approach

The dynamic approach involves automatically updating the product sample on a monthly ba-
sis. This method selects product codes that appear in both the current and previous month
and that account for a significant share of turnover in a given elementary aggregate. This
ensures that important new products are included while less relevant ones are removed. Re-
search shows that while a wide range of goods is available on the market, only a small por-
tion of them generate the majority of turnover. The dynamic method takes this into account.

This method resembles a continuous replenishment system and chain-linked index calcula-
tion, making it well-suited for handling large volumes of scanner data. Its key advantage lies in its
automation, which greatly simplifies data processing. However, frequent product relaunches or
replacements must be handled separately to ensure appropriate quality adjustments.

The dynamic basket utilises a set of filters and an algorithm to select a matched sam-
ple. The dump filter allows for the removal of products that experience a simultaneous sig-
nificant drop in price and sales value, indicating that the product will soon be withdrawn
and will no longer be representative.

The low-sales filter is designed to eliminate product codes with very low sales or, conversely,
to ensure that the selected products account for a sufficiently large share of total turnover (rang-
ing from 50% to 80%). The low-sales algorithm is defined as:

Sm—1+ Sm > 1 ,
2 (nx2)

where:

S$m—1 and s,, — the turnover share in the month m - 1 and m;

n - the number of matched items in the elementary aggregate;

A=1.25.

The value 1.25 for A is empirically determined so that the selected item codes represent
about 80% of turnover. Since the filter is based on turnover value, certain product categories,
such as low-value or unbranded goods, are automatically excluded from the sample, as their low
prices contribute to a low turnover.
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6. Empirical Example

This chapter uses a sample set of scanner data to present the behaviour of various price indi-
ces, distinguishing between bilateral indices (weighted and unweighted) and multilateral in-
dices. In the subsequent section, the dynamics of these indices are analysed using selected fil-
ters: the low sales filter and the dump prices filter.

The following empirical study uses daily scanner data from a retail chain in Poland
for the period December 2018 to December 2019. The collections come from the Pricelndices
package in R (Biatek, 2021), which is publicly available and free of charge. The study analy-
ses two datasets: coffee (which contains 42,561 observations (rows)) and milk (4,386 rows).
The datasets contain six columns and include the following variables:

— time - transaction dates (year-month-day);

— prices - prices of sold products (PLN);

— quantities - quantities of sold products (milk in litres, coffee in kilograms);
— prodID - unique product codes;

— retID - unique identifiers for retail outlets;

— description - descriptions of sold products.

The milk dataset contains six different product descriptions that correspond to subgroups
of the milk group, i.e., powdered milk, low-fat pasteurised milk, low-fat UHT milk, full-fat pas-
teurised milk, full-fat UHT milk, and goat milk. The coffee dataset includes three different ho-
mogeneous products: instant coffee, coffee beans, and ground coffee.

Below is an example of a scanner dataset used to calculate indices:

Table 1. Data frame with the first six milk harvest observations

time prices quantities prodID retID description
1|2018-12-01 8.78 9.0 14 215 2210 powdered milk
2 | 2019-01-01 8.78 13.5 14 215 2210 powdered milk
3 12019-02-01 8.78 0.5 14 215 1311 powdered milk
4 12019-02-01 8.78 8.0 14 215 2210 powdered milk
512019-03-01 8.78 0.5 14 215 1311 powdered milk
6 | 2019-03-01 8.78 1.5 14 215 2210 powdered milk

Source: Pricelndices package (Biatek, 2021).
6.1. Unweighted and Weighted Bilateral Indices

Figures 1 and 2 compare selected elementary chain price indices calculated for the product
groups. Figure 1 compares selected unweighted indices, while Figure 2 shows weighted bilat-
eral indices. Tables 2 and 3 present the values of individual indices for each product category.
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Figure 1. Unweighted bilateral indices
Source: own elaboration based on data from the Pricelndices package.
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As shown in Figure 1, the values of individual unweighted indices differ slightly. For the cof-

fee dataset, the indices generate similar values. The milk dataset shows more significant differ-

ences between the indices. Looking at the milk and coffee charts, it is not possible to unequiv-

ocally state which index generates the lowest or highest values as these relationships differ

between datasets. Table 1 presents the values of the indices for each month discussed.

Table 2. Unweighted bilateral index values for milk products

Data Dutot index Jevons index Carli index
2018-12 1.0000 1.0000 1.0000
2019-01 1.0175 1.0223 1.0455
2019-02 1.0238 1.0300 1.0417
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Data Dutot index Jevons index Carli index
2019-03 1.0253 1.0354 1.0757
2019-04 1.0162 1.0076 1.0237
2019-05 1.0290 1.0395 1.0587
2019-06 0.9860 0.9853 0.9947
2019-07 1.0051 1.0053 1.0294
2019-08 1.0032 1.0034 1.0146
2019-09 1.0065 1.0178 1.0382
2019-10 0.9409 1.0244 1.0595
2019-11 0.9205 1.0086 1.0322
2019-12 09514 1.0249 1.0417

Source: own elaboration based on data from the Pricelndices package in R.

Examining the values of the individual indices shows that the lowest values were recorded
for the Dutot index and the highest for the Carli index. The most significant differences oc-
curred in October, November, and December between the Dutot index and the Carli index, with
discrepancies of -0.1186 pp, 0.1117 pp, and 0.0903 pp, respectively.

Table 3. Unweighted bilateral index values for coffee products

Data Dutot index Jevons index Carli index
2018-12 1.0000 1.0000 1.0000
2019-01 0.9724 0.9693 0.9829
2019-02 1.0036 0.9969 1.0087
2019-03 0.9765 0.9788 0.9935
2019-04 0.9937 0.9921 0.9998
2019-05 1.0125 1.0131 1.0224
2019-06 1.0460 1.0364 1.0463
2019-07 1.0713 1.0555 1.0669
2019-08 1.0546 1.0415 1.0495
2019-09 1.0533 1.0440 1.0604
2019-10 1.0612 1.0449 1.0555
2019-11 0.9822 0.9854 1.0093
2019-12 1.0150 1.0054 1.0123

Source: own elaboration based on data from the Pricelndices package in R.

The unweighted bilateral indices calculated for coffee are characterised by smaller dif-
ferences than for milk. In this case, the most significant differences in values between the in-
dices occur in November, with a difference of 0.0270 pp. between the Dutot and Carli indices
and -0.0239 pp. between the Dutot and Jevons indices.

FOE 1(374) 2026 https://www.czasopisma.uni.lodz.pl/foe/ 34



Natalia Pawelec
The Use of Scanner Data for Price Indices Calculation: the Case of Poland

In the following analysis, weighted bilateral indices for the products were examined. Fig-
ure 1 presents a graph comparing the indices, and Tables 3 and 4 show the values for each chart.
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Figure 2. Weighted bilateral indices

Source: own elaboration based on data from the Pricelndices package in R.

For the weighted indices, a consistent pattern emerges across both datasets. The Fisher
and Torngvist indices have very close values, which is consistent with the analytically demon-
strated mutual approximation of superlative indices (Biatek, Beresewicz, 2021). Conversely,
the Laspeyres index generates the highest values, while the Paasche index generates the lowest.
It is not clearly established whether a fixed-base approach or a chain version of these indices is
better for the Fisher and Térnqvist indices.
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Table 4. Weighted bilateral index values for milk products

Data Laspeyresindex | Paasche index Fisher index Tornqvist index
2018-12 1.0000 1.0000 1.0000 1.0000
2019-01 1.0175 0.9871 1.0022 1.0016
2019-02 1.0047 0.9921 0.9984 0.9983
2019-03 1.0060 0.9680 0.9868 0.9871
2019-04 1.0044 0.9865 0.9954 0.9950
2019-05 0.9954 0.9855 0.9905 0.9903
2019-06 1.0041 0.9775 0.9907 0.9904
2019-07 1.0050 0.9652 0.9849 0.9853
2019-08 1.0106 0.9870 0.9988 0.9984
2019-09 1.0101 0.9821 0.9960 0.9956
2019-10 0.9852 0.9683 0.9767 0.9762
2019-11 1.0113 0.9441 09771 0.9787
2019-12 1.0014 0.9725 0.9868 0.9868

Source: own elaboration based on data from the Pricelndices package in R.

For the weighted bilateral indices for milk, the most significant differences can be ob-

served in November, with a difference of 0.0673 pp between the Laspeyres and Térnqvist in-
dices. In March and July, significant differences were also noted for these indices, amounting

to 0.0380 pp and 0.0398 pp, respectively.

Table 5. Weighted bilateral index values for coffee products

Data Laspeyresindex | Paasche index Fisher index Tornqvist index
2018-12 1.0000 1.0000 1.0000 1.0000
2019-01 1.0825 0.9275 1.0020 0.9986
2019-02 1.0481 0.9755 1.0112 1.0118
2019-03 1.0470 0.9301 0.9868 0.9885
2019-04 1.0467 0.9478 0.9960 0.9974
2019-05 1.0507 0.9671 1.0080 1.0075
2019-06 1.1365 1.0133 1.0731 1.0724
2019-07 1.0775 1.0304 1.0537 1.0531
2019-08 1.0590 1.0168 1.0377 1.0378
2019-09 1.1775 0.9478 1.0564 1.0590
2019-10 1.0930 1.0184 1.0551 1.0545
2019-11 1.0417 0.9361 0.9875 0.9880
2019-12 1.0168 0.9863 1.0014 1.0022

Source: own elaboration based on data from the Pricelndices package in R.
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The average values for the Laspeyres index are 1.0168, for the Paasche index 0.9863,
for the Fisher index 1.0014, and for the Térnqvist index 1.0021. The most significant differ-
ences were noted in January and September between the Laspeyres index and the Paasche in-
dex, amounting to 0.1550 pp and 0.2298 pp.

6.2. Comparison of Selected Bilateral and Multilateral Indices

Multilateral methods are increasingly used when working with scanner data because they ad-
dress problems such as chain drift. Despite this, some countries still use the chain Jevons index
to develop price indices for scanner data, although it is not the optimal choice. Some statisti-
cal institutions also use chain Térnqvist indices (e.g., the USA and Japan), which are weighted
formulas.
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Figure 3. Comparison of bilateral and multilateral indices
Source: own elaboration based on data from the Pricelndices package.
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As an alternative to bilateral indices, Figure 3 presents multilateral indices recommended

for scanner data. Selecting the unweighted Jevons formula for the dataset results in signifi-

cantly higher values than other indices. While its application to classically obtained prices
at the lowest level of data aggregation is justified (as interviewers only note product prices), it
is not the best choice for scanner data because it does not account for consumption volumes.

Table 6. Comparison of bilateral and multilateral indices for milk products

Geary-Khamis

Data GEKS index CCDI index index Jevons index | Fisher index
2018-12 1.0000 1.0000 1.0000 1.0000 1.0000
2019-01 1.0020 1.0018 1.0066 1.0223 1.0022
2019-02 1.0001 0.9998 1.0009 1.0300 0.9984
2019-03 0.9839 0.9841 0.9819 1.0354 0.9868
2019-04 0.9936 0.9933 0.9956 1.0076 0.9954
2019-05 0.9899 0.9899 0.9919 1.0395 0.9905
2019-06 0.9890 0.9888 0.9924 0.9853 0.9907
2019-07 0.9863 0.9864 0.9888 1.0053 0.9849
2019-08 0.9981 0.9979 1.0002 1.0034 0.9988
2019-09 0.9952 0.9951 0.9941 1.0178 0.9960
2019-10 0.9777 09773 0.9795 1.0244 09767
2019-11 0.9806 0.9815 09781 1.0086 09771
2019-12 0.9877 0.9876 0.9896 1.0249 0.9868

Source: own elaboration based on data from the Pricelndices package in R.

When looking solely at the multilateral indices, the differences in values appear from
the second or third decimal place. It is also not possible to clearly state which index con-
sistently has the highest or lowest values. Adding bilateral indices to the analysis reveals
that their values are higher compared to the multilateral indices, especially in the case

of the Jevons index.

Table 7. Comparison of bilateral and multilateral indices for coffee products

Data GEKS index CCDI index Geari};l-(ll(:;amis Jevons index | Fisher index
2018-12 1.0000 1.0000 1.0000 1.0000 1.0000
2019-01 0.9926 0.9904 0.9605 0.9693 1.0020
2019-02 1.0170 1.0164 1.0075 0.9969 1.0112
2019-03 0.9891 0.9890 09731 0.9788 0.9868
2019-04 0.9975 0.9981 0.9929 0.9921 0.9960
2019-05 1.0102 1.0102 0.9942 1.0131 1.0080
2019-06 1.0586 1.0592 1.0367 1.0364 1.0731
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Data GEKS index CCDI index Geari}lll-(li(:;amis Jevons index | Fisher index
2019-07 1.0619 1.0621 1.0525 1.0555 1.0537
2019-08 1.0403 1.0414 1.0347 1.0415 1.0377
2019-09 1.0532 1.0528 1.0160 1.0440 1.0564
2019-10 1.0543 1.0551 1.0461 1.0449 1.0551
2019-11 0.9938 0.9948 0.9853 0.9854 0.9875
2019-12 1.0000 1.0009 0.9939 1.0054 1.0014

Source: own elaboration based on data from the Pricelndices package in R.

In the case of the coffee dataset, no index stands out in terms of value, unlike the situation

with the milk dataset. Here, the index values are more similar to each other. Among the multi-

lateral indices, the Geary-Khamis index stands out slightly in comparison to the other two in-

dices. When comparing the multilateral indices with the bilateral ones, the Fisher index stands

out more, usually exhibiting the highest values.

6.3.

Static and Dynamic Approaches

Figure 4 presents the comparison of selected bilateral indices (the Jevons index and the Carli in-

dex) and multilateral indices (the GEKS index and the CCDI index). They show how index values

change after applying the low sales filter and the dump prices filter. The results are presented

separately for the milk and coffee datasets.
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Figure 4. GEKS index values for the milk dataset depending on the applied data filter

(low sales filter example)
Source: own elaboration based on data from the Pricelndices package in R.
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Figure 5. Jevons index values for the milk dataset depending on the applied data filter

(low sales filter example)
Source: own elaboration based on data from the Pricelndices package in R.
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Figure 6. Dutot index values for the milk dataset depending on the applied data filter

(low sales filter example)
Source: own elaboration based on data from the Pricelndices package in R.

For the milk dataset and across the three different indices (GEKS, Jevons, Dutot), the stan-
dard index and the index after applying the dump prices filter display similar trends. Con-
versely, the indices with the low sales filter applied tend to exhibit lower values. The multilat-
eral GEKS index exhibits the least variability among the analysed differences. The differences
between index variants are relatively small, with the low sales filter only significantly devi-
ating from the other variants in a few instances. The Jevons index (Figure 5) shows greater
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variability than GEKS, especially in certain periods (e.g., the first half of 2019). Clear differences

between the indices can be seen, particularly for the version with the low sales filter which

deviates from the index without filters. In the case of the Dutot index (Figure 6), the indexes

without filters and with the dump prices filter record a decrease in value in 09-2019 while

the index with the low sales filter over the entire observation remains relatively the same.

In the other two cases of the above-mentioned indices, there is no such relationship.
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Figure 7. GEKS index values for the coffee dataset depending on the applied data filter

(low sales filter example)

Source: own elaboration based on data from the Pricelndices package in R.
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Source: own elaboration based on data from the Pricelndices package in R.
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Figure 9. Dutot index values for the coffee dataset depending on the applied data filter

(low sales filter example)
Source: own elaboration based on data from the Pricelndices package in R.

For the coffee dataset, three types of analysis are also presented: the indexes without applying
filters, with the low sales filter and the dump prices filter for three indices (GEKS, Jevons, Dutot).
In each case, the indices without filters and those after applying the dump prices filter follow a sim-
ilar pattern, while the index with the low sales filter shows greater deviations. The Jevons index
(Figure 8) and the Dutot index (Figure 9) exhibit high variability among the analysed methods.
The index with the low sales filter shows stronger deviations, particularly in mid-2019, where it
significantly exceeds the values of the other indices. The Dutot index (Figure 9) behaves similarly
to the Jevons index, with moderate variability. The use of low sales filter also increases the index
values. The multilateral GEKS index shows the smallest differences between the filtered and un-
filtered variants. However, it is still evident that the low sales filter leads to higher index values,
although this effect is less pronounced than in the case of the Jevons or Dutot indexes.

7. Conclusions

Scanner data hold enormous potential for refining and modernising inflation measurement.
They provide information on consumption at the lowest level of aggregation, making the qual-
ity of scanner data incomparable to traditional datasets. However, it is important to recognise
the many problems and challenges associated with using such data. As mentioned in Section 3,
one of the main challenges is processing and preparing scanner data. The detailed level of infor-
mation, the choice of time frame, and the large volume of data (typically ranging between 10,000
and 100,000 individual barcodes) require specialist knowledge in machine learning and statis-
tics, as well as an appropriate IT environment for process automation.
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This paper focused on comparing price indices and determining the scale of differences that
arise from using individual indices. The choice of index formula is not straightforward, as the dif-
ference between indices for a single homogeneous product group can be significant. In the con-
text of measuring inflation, such differences between the actual and measured price index are
very dangerous and lead to serious financial consequences, such as excessive government ex-
penditure indexing and taxes (Boskin et al., 1996). Other studies also show that at the elemen-
tary level, differences may result not only from the applied formula but also from the choice
of data source (Biatek, Panek, Zwierzchowski, 2022).

Multilateral indices, characterised by transitivity and the absence of chain drift, are a ra-
tional choice for scanner data. To formulate a recommendation for the most appropriate price
index for scanner data, further research on index properties - in both theoretical and empiri-
cal terms - is needed, along with analysing the experiences of countries that already use this
methodology.

The results obtained from scanner data analysis provide several important insights. Firstly,
they confirm relationships that are already well-established in traditional price collection: super-
lative indices such as Fisher and Térnqvist tend to approximate each other, while the Laspeyres
index systematically overestimates inflation and the Paasche index underestimates it. Secondly,
however, the divergence between the Laspeyres and Paasche indexes is notably larger in scan-
ner data than in traditional price collection. In conventional surveys, this difference in Poland,
at the COICOP 2 level, usually does not exceed a few promilles. In contrast, when working with
scanner data at a very low level of aggregation (barcode level), the differences between bilateral
indices become significant, which clearly illustrates the substitution effect between goods. This
finding highlights the methodological importance of carefully selecting the appropriate index for-
mula in scanner data applications.

When applying the low sales and dump prices filters, it is evident that bilateral indices show
greater variation in values compared to multilateral indices. In both datasets, the low sales filter
deviated from the index without filters, while the dump prices filter displayed similar values.

The choice between the static and dynamic approaches depends on the characteristics
of the data, their availability, and the analytical objectives. The static approach aligns more
closely with traditional methodologies and is advantageous when integrating scanner data
with conventional price collection. In contrast, the dynamic approach offers greater flexibility
and makes better use of large datasets, particularly in rapidly changing markets.
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Zastosowanie danych skanowanych do obliczania inflacji:
na przyktadzie Polski

Streszczenie: W konteks$cie rosngcego wykorzystania danych skanowanych w pomia-
rze inflacji kluczowym wyzwaniem metodologicznym pozostaje wybdr
odpowiedniej formuty indeksu cenowego oraz metody filtrowania danych.
Celem artykutu jest zbadanie wptywu tych wyboréw na wyniki pomiaru
dynamiki cen. W pracy przeanalizowano dane transakcyjne zebrane z ter-
minali punktéw sprzedazy w polskich supermarketach dla wybranych
grup produktéw: kawy oraz mleka. Poré6wnano rézne formuty indekséw
cenowych - w tym bilateralne niewazone (Dutot, Carli, Jevons), bilateral-
ne wazone (Tornqvist, Fisher) oraz multilateralne (Geary-Khamis, CCDI)
- oraz przetestowano wptyw réznych metod filtrowania danych skane-
rowych. Wyniki pokazuja, Ze zaré6wno wybor formuty indeksu cenowego,
jakizastosowana metoda filtrowania danych skanerowych majg mierzal-
ny i istotny wptyw na ocene dynamiki cen. R6Znice te moga prowadzic¢
do odmiennych interpretacji inflacji, co podkresla potrzebe Sswiadomego
i uzasadnionego wyboru metodologicznego przy wykorzystaniu danych
skanerowych w statystyce cen.

Stowa kluczowe: dane skanowane, indeksy multilateralne, indeksy bilateralne
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