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Abstract

Improper quality adjustment has long been identified as a source of potential measurement bias

in consumer price indices (CPIs). However, as no benchmark for quality adjustment exists, it has

always been difficult to estimate a potential bias. For this paper, we develop a corridor in which

quality-adjusted prices are supposed to lie. Its boundaries are defined by the two extreme cases:

attributing the entire price change to a change in quality (link-to-show-no-price-change) and as-

suming unchanged quality when comparing prices (direct price comparison). Analyzingmicro price

data for a number of non-energy industrial goods in Austria and Italy over the period 2011–2018,

we find no evidence of systematic measurement bias induced by the quality adjustment methods

implemented in thesecountries. Theactualqualityadjustmentofprices conductedbyStatistikAus-

tria and ISTAT generally lieswithin the boundaries of the corridor. Nevertheless, inflation rates cal-

culated according to different quality adjustment methods can differ substantially, which calls for

further harmonization of quality adjustment practices across euro area countries.

1 Introduction

In price statistics, quality adjustment is one of the major challenges. Prices are always bound to a certain

product and its characteristics, which represent the quality of the product. For a price index that compares

prices over time, a problememerges if the quality of the productswhose prices aremeasured changes over

time. Therefore, prices should be adjusted to reflect constant product quality.1 Adjusting prices for qual-

ity change is, however, a complex issue, as the value of the quality change is not obvious. One can argue

that a price index is biased if quality adjustment is not carried out “correctly”. In its simplest form, a bias

would exist if a quality change goes fully unnoticed. Then the difference between an alternative indexwith

quality adjustment and one without would constitute the bias. However, as there is no consensus on how

to value different qualities, it seems more intuitive to define a corridor for meaningful quality adjustment

results and to classify all values outside this corridor as biased. In this paper, wewant to assess the quality

adjustment practices in Austria and Italy based on CPI microdata for a number of selected products.2 In

particular, we investigate whether the quality adjustment conducted by the national statistical institutes

(NSIs) happens within such plausible corridors that a possible measurement bias induced by excessive or

insufficient quality adjustment can be ruled out.

2 Quality adjustment in theory and practice

2.1 Quality adjustment methodology

In order to account for quality changes when comparing prices of comparable but slightly different prod-

ucts over time, NSIs use several quality adjustment methods. These methods can be classified as implicit

1Eurostat (2018, p. 92); Von der Lippe (2007, p. 272)
2Data are collected by the Istituto Nazionale di Statistica (ISTAT) and made available to Banca d’Italia under the agreement be-

tween ISTAT and Banca d’Italia within the PRISMA framework. The data are confidential and cannot be shared with researchers
outside Banca d’Italia. For Austria, the microdata are collected by Statistik Austria and made available to the Oesterreichische Na-
tionalbank (OeNB) for the PRISMAnetwork. They are equally confidential and cannot be sharedwith researchers outside theOeNB.
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and explicit methods of quality adjustment. Implicit ones are based on general assumptions about qual-

ity and price changes, while explicit ones take individual product specifications into account.3 The most

important implicit methods are direct price comparison4 (assuming zero change in quality), link-to-show-

no-price-change5 (assuming zero price change, as the price difference reflects the quality difference) and

bridged overlap (imputing the average price change of the other products in the sample)6. While implicit

methods are seen as easy to apply in practice and can even be automated, their results may lead to bi-

ases.7 On the other hand, there are explicit methods for quality adjustment. Themost important ones are

hedonic quality adjustment (a regression-based approach that explains prices by product characteristics),

option pricing (adjusting for features that are now standard butwere optional in the past, particularly used

for cars) and supported judgmental quality adjustment (“the value of the quality change […] is calculated by

using supplementary information sources”).8 Theuseofexplicitmethods requires investment in resources,

data and human capital, and does not guarantee undisputed results.9

Different quality adjustment methods applied to the same data can lead to very different results. This

applies especially to implicit methods or when comparing implicit and explicit methods.10 Keating and

Murtagh (2018, p. 6) showthestrikingexampleof theapplicationofhedonicsandbridgedoverlap to laptop

and desktop computers, which in a period as short as five months led to an 8-percentage-point difference

between the adjusted and non-adjusted indices. This raises the question of what “correct” quality adjust-

ment may look like. While it is not possible to define a benchmark for correct quality adjustment, logical

boundaries for thevalueof thequality-adjustedpricecanbederived,whichmay facilitateabiascalculation,

as wewill see in the next chapter.

2.2 Bias from quality adjustment methodology and logical boundaries

When talking about measurement bias in consumer price indices, quality adjustment has always played

an important role. Since the report of the Boskin Commission11 on measurement bias in the US CPI, the

assessment of quality adjustment bias has been a standard in investigations on CPI measurement bias. It

is surprising that, against this background, no standard benchmark for quality adjustment practices has

3For a comprehensive overview, see Eurostat (2019); Eurostat (2018, pp. 105). It should be noted that there is no common
nomenclature on quality adjustmentmethods. For example, the CPImanual (InternationalMonetary Fund, International LabourOr-
ganization, Eurostat, United Nations Economic Commission for Europe, Organisation for Economic Co-operation andDevelopment,
World Bank, 2020) does not contain the term “bridged overlap”, but “class mean imputation” as a standalonemethod, while targeted
mean imputation and overall mean imputation are seen as variants of the simple overlapmethod.

4Eurostat (2018, p. 106) classifies it as an explicit method; DESTATIS (2009, pp. 29) does not classify it at all, just as in the case of
the link-to-show-no-price-changemethod; Von der Lippe (2007, p. 282) categorizes it as an implicit method, as only prices are taken
into account to determine the quality change, not the characteristics of the products. Von der Lippe’s reasoning is followed here.

5Synonymsused for thismethod are “price difference equals quality difference” and “(simple) overlap”. The term “overlap” is used
especially when old and newproducts are included in the basket simultaneouslywithin one time period, while “link-to-show-no price
change” can also imply a zero price change between the two periods in which the old product leaves and the new product enters the
basket of goods.

6Bridged overlap exists in several variants, such as “targetedmean imputation”, “classmean imputation” and “overall mean impu-
tation”. The difference lies in the products used for forming the bridge.

7Becauseof that, the so-called “link-to-show-no-price-change”method,whichattaches the full pricedifference toquality change,
is ruled out already by Commission Regulation (EC) No 1749/96.

8Eurostat (2018, p. 113).
9For example, as regards hedonic quality adjustment: “The experience from some countries has shown that hedonic technique

becomes extremely expensive in practice, data collection and the actual modelling are expensive and results are not always feasible.
Coefficients are not stable over time, they might be of “wrong” sign, users do not understand this complicated method.” Kinnunen
(1998, p. 4); Ahnert and Kenny (2004, p. 26) add that the application of hedonic quality adjustment to the same products, but based
on different data sources, sampling techniques and econometrics, may result in price indices that are not fully comparable.

10See Keating andMurtagh (2018); Goldhammer et al. (2019).
11Boskin et al. (1996).
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emerged. The Boskin Commission itself did not clearly distinguish quality adjustment bias and bias from

the introduction of new products, therefore applying very different techniques for bias estimation across

product groups:12 assessing consumer surplus by increased variety for food and beverages; back-of-the-

envelopecalculations forqualitydifferences inhousingandnewmotor cars; comparison tohedonic indices

for appliances and electronics; comparison using a matched-model approach for clothing; valuation of an

increased service level for motor fuels; and extending the results of particular studies on medical treat-

ments to the whole health sector.

All these techniques havebeen subject to heavy criticism,13 andnoneof themsatisfies the requirements

for being an undisputed benchmark for quality adjustment. This is why Lequiller (1997) refused to provide

an estimate of quality adjustment bias in his bias study on the French CPI. Because of these experiences,

Hoffmann (1998), investigating thequality adjustmentbias of theGermanCPI, followeda slightly different

approach by first examining the theoretical properties of the quality adjustment methodologies (already

concluding that a biasmight be prevalent) and then investigating three product groups (washingmachines,

fridges, freezers) in detail: his benchmark was hedonic price indices. However, the bias calculations led

to very different results depending on the hedonic method used and on the product group.14 This made

Neubauer (1999) conclude that, if no ideal of quality adjustment exists, it is impossible to determine bias

from the “real” index of cash values.15 Therefore, the Schultze report (Schultze andMackie (2002, p. 113))

stated that “solutions to quality change andnewgoodbias problemsmust be the fruit at the topof the tree,

the kind that requires expensive tools or that may not be reachable at all.”

So, if a benchmark using “correct” quality adjustment is unavailable,16 the question ariseswhether there

is a corridor inwhich properly adjusted price indices should lie. At the level of single price quotations, such

a corridor has recently been proposed. In its recommendation on the use of bridged overlap, Eurostat17

elaborates on critical values for plausibility checks of bridged overlap results. These critical values can be

applied to any other quality adjustment method, too. The central assumption is that a quality-adjusted

price should lie within a corridor defined by two critical values, which reflect the extreme cases of quality

adjustment:

• Link-to-show-no-price-change (LNP), where the total nominal price difference is assumed to be fully

related to quality change, so the actual price changeΔ𝑝 equals 0.
• Direct price comparison (DPC), where the total nominal price difference is considered equal to the

actual price change, so the quality differenceΔ𝑞 equals 0.
For a mathematical determination of the corridor, Eurostat (2021) starts with the following equation,

showing the relationship between the price 𝑝𝑡−1
𝑛 of the outgoing product𝑛 in the previous period, the price

𝑝𝑡
𝑛∗ of the replacementproduct𝑛∗ in the reportingperiod, thequality adjustment factor ̂𝛼𝑛 (tobeapplied to

12Boskin et al. (1996, pp. 27–39).
13Especially Moulton and Moses (1997); for a brief discussion of the methods and the criticism, see also Schultze and Mackie

(2002).
14For example, between1.9 and2.6 percentage points per year forwashingmachines and between -0.2 and0.0 percentage points

for freezers, see Hoffmann (1998, p. 105).
15In German: “Wenn es aber schon an einemhalbwegs klaren Idealtypus derQualitätsänderung fehlt, dann ist es ausgeschlossen,

einenFehlerprozentsatz anzugeben, umdender IndexderQualitätsbereinigungwegenvoneinemwahrenGeldwertindexabweicht.”;
Neubauer (1999, p. 30). In the same vein, the Bank of Canada’s estimation of quality adjustment bias considerably declined when
using a different method of estimating quality adjustment bias; see Sabourin (2012).

16If it was available and also technically feasible with given resources, one can assume that it would have been used by statistical
offices.

17Eurostat (2021, Annex 4).
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𝑝𝑡
𝑛∗ ) and the “bridge”: thebridge is theactualpricechangeafterqualityadjustmentbetweentheoldproduct

and the replacementproduct for the timeperiod [𝑡−1, 𝑡]. It is called “bridge”becauseof thebridgedoverlap
method, for which Eurostat has calculated these boundaries. For our common case – to be applied to all

quality adjustment methodologies – we will refer to it as “actual price change factor of product item 𝑛 at

time 𝑡”, 𝑟𝑡
𝑛. Adapting equation (3) in Eurostat (2021, Annex 4), the quality-adjusted (hypothetical) price of

product item 𝑛 in period 𝑡 can be calculated in the following twoways:

𝑝𝑡
𝑛,𝑞𝑎 ≡ 𝑝𝑡

𝑛∗

̂𝛼𝑛
= 𝑝𝑡−1

𝑛 ⋅ 𝑟𝑡
𝑛 (1)

In a normal case, we would assume that the quality-adjusted price 𝑝𝑡
𝑛,𝑞𝑎 lies somewhere between the

priceof theoutgoingproduct in thepreviousperiodand thepriceof the replacementproduct in thecurrent

period, as shown in chart 1. It is important to mention that this case is one of two regular cases, in which

𝑝𝑡
𝑛∗ > 𝑝𝑡−1

𝑛 (in the other case, wewould observe 𝑝𝑡
𝑛∗ < 𝑝𝑡−1

𝑛 ).

Chart 1

Regular price–quality decompositionwith quality adjustment

Source: Eurostat (2021).

The framework in equation (1) enables us to calculate both the quality change Δ𝑞 and the “pure” price
changeΔ𝑝 as well as the respective values of the extreme cases.

• Δ𝑞 equals 0 for DPC. For LNP, it follows from equation (1) that:

Δ𝑞 = ( 𝑝𝑡
𝑛∗

𝑝𝑡−1𝑛
− 1) ⋅ 𝑝𝑡−1

𝑛 (2)

Therefore, the actual price change factor 𝑟𝑡
𝑛 equals 1, and the quality adjustment factor is given as

̂𝛼𝑛 = 𝑝𝑡
𝑛∗

𝑝𝑡−1𝑛
.
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• Δ𝑝 equals 0 for LNP. For DPC, it follows from equation (1) that:

Δ𝑝 = ( 𝑝𝑡
𝑛∗

𝑝𝑡−1𝑛
− 1) ⋅ 𝑝𝑡−1

𝑛 (3)

Therefore, the actual price change factor is given as 𝑟𝑡
𝑛 = 𝑝𝑡

𝑛∗
𝑝𝑡−1𝑛

, and the quality adjustment factor ̂𝛼𝑛

equals 1.

For the extreme cases, Eurostat (2021) calculates the following boundaries for the quality adjustment

factor and the real price change factor:

𝑝𝑡
𝑛∗

𝑝𝑡−1𝑛
≥ ̂𝛼𝑛 ≥ 1 (4)

1 ≤ 𝑟𝑡
𝑛 ≤ 𝑝𝑡

𝑛∗

𝑝𝑡−1𝑛
(5)

These boundaries provide a good plausibility check for price index compilation practice. However, we

would like to evaluate whether the resulting indices are within logical boundaries, in order to avoid mea-

surementbias. As the logicalboundariesonthesingle-price levelare identical to the link-to-show-no-price-

change and direct price comparison methods, it seems most reasonable to calculate the hypothetical in-

dices resulting from the application of thesemethods in all cases of quality adjustment and compare them

with the quality-adjusted price indices. So, the following assumptions should hold for price indices at the

product group level:

𝑖𝑓 ∀𝑖 ∈ 𝑛 ∶ 𝑝𝑡−1
𝑖 < 𝑝𝑡

𝑖∗ ∶ 𝐼𝐷𝑃𝐶,𝑡
𝑛 >= 𝐼𝑄𝐴,𝑡

𝑛 >= 𝐼𝐿𝑁𝑃,𝑡
𝑛 (6)

𝑖𝑓 ∀𝑖 ∈ 𝑛 ∶ 𝑝𝑡−1
𝑖 > 𝑝𝑡

𝑖∗ ∶ 𝐼𝐷𝑃𝐶,𝑡
𝑛 <= 𝐼𝑄𝐴,𝑡

𝑛 <= 𝐼𝐿𝑁𝑃,𝑡
𝑛 (7)

𝑖 is the single product, 𝑛 the product group. From these assumptions on logical boundaries, the bias

calculation can emerge. No bias can only be stated if the quality-adjusted index lies within the logical

boundaries. Biases aremost commonly expressed in percentage points of the average annual change rate.

Hence, if the index lies outside the boundaries, the bias would be the difference between the average an-

nual change rate of the quality-adjusted price index and that of the closest logical boundary. As quality

adjustment practicesmay vary across product groups, it is advisable to conduct this analysis at the product

group level rather than for the whole index.

However, equations (6) and (7) already reveal the underlying assumptions and therefore the limitations

of this bias calculation: the boundaries of the corridor will not be crossed if the conditions hold in all re-

placement situations. However, there may be cases where the assessed value of the quality difference is

greater than the price difference; and it might also happen that, within one product category, replacement

prices are sometimes higher and at other times lower than the price of the replaced product. These are

caveats to be taken into account when doing such calculations at the index level.
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Having set the framework for our calculations on quality adjustment bias, we will present the quality

adjustment practices in Austria and Italy, as the results of our research may also shed light on the index

differences induced by using different quality adjustmentmethods.

2.3 Quality adjustment practices in Austria and Italy

2.3.1 Austria

The Austrian data are especially suitable for this analysis because Statistik Austria primarily applies ex-

plicit quality adjustment methods, which makes quality adjustment easier to understand and to calculate.

Specifically, the Austrian data contain six different flags for quality changes when a product is replaced by

a new onewith a different quality:

Q0: no (or very small) quality change, the whole price change enters the index calculation. This applies

when a new product or service enters themarket and the previous one is no longer available, and the new

product is a successor with similar or equal quality and is assumed to replace the previous product.

Q1: 25% of the price difference is attributable to the quality difference, hence 75% of the price change

is included in the index calculation. This is applied when there are small but relevant quality differences

between the old product and the successor.

Q2: 50%of thepricedifference isdue to thequality changeand50%is taken intoaccount for thecalcula-

tion of the price change. This is appliedwhen there are relevant differences in important features between

the predecessor and the new product.

Q3: 75% of the price difference is attributable to the quality change and 25% is assigned to the cal-

culation of the price change. This is applied when there are significant differences in important features

between the predecessor and the new product.

Q4: the product or service enters the index without any price change, the quality change fully explains

theobservedprice change. This is often appliedwhen theprice is unchangedbut, at the same time, thenew

product has better features.

A special case is theQZflag: it signals a quality difference that can be (exactly) quantified from the char-

acteristics of a product or service and is directly specified in the data. The QZ price is a hypothetical price

of the product in the previous period, assuming the same characteristics as the successor product. For

instance, in the case of two cars with different equipment where each equipment element has a price, the

difference in theequipment canbequantifiedand thensubtracted fromoradded to theQZprice. The same

applies to all products with distinct characteristics that can be priced individually, e.g. PCs or notebooks

(graphic card, processor, number ofUSBports, etc). For other productswhere several product characteris-

tics can be observed, such as books or data storage devices (memory cards, USB drives), hedonic methods

are used. In this case, the pricing of the characteristics is done in a regression where, e.g. book type and

size, number of pages, type of binding (for books) and storage space and type of card or drive (for memory

cards/drives) are used as explanatory variables.

Table 1 gives an overview of the occurrence of the different quality adjustment flags across the 12main

groups of the Classification of Individual Consumption by Purpose (COICOP) in 2020. The numbers in the

table mean that, e.g. in COICOP group 03 “Clothing and footwear”, Q0 (no quality change) is applied to

6
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2.0% of all price observations in this group, Q1–Q3 have been assigned to 0.8% of all price observations,

etc. According to the last column of the table, Q0 has been applied to about 0.4% of all price observations

in the whole basket of goods and services.

Table 1

Occurrence of quality adjustment flags per COICOP 2-digit group in 2020 in Austria in % of all
observations

COICOP-2 groups 01 02 03 04 05 06 07 08 09 10 11 12 Total HICP
Q0 0.0 0.0 2.0 0.0 2.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.4
Q1–Q3 0.1 0.1 0.8 0.1 1.0 0.1 0.1 0.0 0.3 0.7 0.1 0.1 0.3
Q4 0.0 0.0 0.4 0.1 0.6 0.0 0.1 2.8 0.2 0.1 0.3 0.1 0.2
QZ 0.4 0.4 1.2 0.2 1.0 0.1 0.6 1.0 0.8 0.2 0.1 0.8 0.6

Note: COICOP 2-digit groups: 01 Food and non-alcoholic beverages; 02 Alcoholic beverages, tobacco and narcotics;
03 Clothing and footwear; 04Housing, water, electricity, gas and other fuels; 05 Furnishings, household equipment and
routine householdmaintenance; 06Health; 07Transport; 08Communication; 09Recreation and culture; 10Education;
11 Restaurants and hotels; 12Miscellaneous goods and services.
Source: Statistik Austria.

2.3.2 Italy

The Italian National Statistical Institute (ISTAT) has adopted a case-by-case approach for quality adjust-

ment, as required by Commission Regulation (EC) No 1334/2007. Specifically, the methods adopted to

manage quality adjustment issues are:

1. Direct comparison:

(a) for clothing and footwear, when the product offers in two consecutivemonths are seen as com-

parable on the basis of criteria defined by ISTAT. In the month of replacement, the elementary

price is flagged, the reason for the replacement is recorded and a direct comparison is carried

out directly by automatic procedures;

(b) in some cases involving processed or fresh food (for which prices are collected monthly) when,

for a list of products defined by ISTAT, the change of the product offer is due exclusively to a

change of brand, and therefore the product offers in two consecutive months are considered

comparable. In the month of replacement, the elementary price is flagged, the reason for the

replacement is recorded and the data collector has to register the price of the product offer

available in the previousmonth as the previousmonth’s price of the new product offer;

(c) for products forwhich a best seller approach is adopted, such as electronic games, DVDmovies;

(d) for fresh foodandfish, forwhichpricesarecollectedtwiceamonth, in themonthof replacement,

the elementary price is flagged and the reason for the replacement is recorded.

2. Bridged overlap: Bridged overlap implicitly imputes a price for the new product offer in the previous

period and thereby values the quality difference as the price gap between the old and new product

offers in the previous period. Twovariants are possible: in thefirst variant, the price changeof the in-

coming product compared to the preceding period is considered equal to the price change recorded

for the reference group that has not registered any substitutions of that particular product. In the

second variant, the price change of the incoming products compared to the preceding period is con-

sidered equal to the price change recorded for the reference group that has registered replacements

7
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of that particular product and for which the direct comparison approach or explicit methods have

been adopted.

(a) insomecases involvingclothingandfootwear,whentheproductoffers in twoconsecutivemonths

are considered incomparable on the basis of criteria defined by ISTAT. In the month of the re-

placement, the elementary price is flagged, the reason for the replacement is recorded and an

automatic procedure estimates the previousmonth’s price of the new product offer in order to

build the bridge between the two consecutivemonths.

3. Link-to-show-no price-change (“overlap”): This method estimates the value of the quality difference

between theoutgoingand incoming referencesasequivalent to thepricedifferencebetween the two

referencesata timewhenbothreferenceswereavailable. In this case, the replacementofa reference

always involves the collection of additional data in order to reconstruct the temporal price dynamics

of the new reference.

(a) for the other products, whose prices are collectedmonthly at the territorial level (except cloth-

ing and footwear, products for which prices are collected centrally, fresh and processed food

for which direct comparison is carried out). In the month of the replacement, if the data collec-

tor has recorded the previous month’s price of the replacing product offer (or the seller is able

to provide this information), this information is used and the elementary price is flagged. If the

data collector has not recorded the previous month’s price of the replacing product offer (and

the seller is not able to provide this information), an automatic estimate is used.

The Italian microprice database contains a flag with four options for changes: change of collected unit,

changeofbrand, changeof referencequantity andchangeof variety. Thechangeofbrandandvariety could

be considered as quality changes.

3 Methodology for assessing a possible measurement bias related to
quality adjustment

In order to assess whether the quality adjustment procedures used by Statistik Austria and ISTAT, as doc-

umented by these flags, may lead to a bias in inflation measurement, we re-calculate inflation for three

different quality adjustment assumptions for a number of selected products. In doing so, we follow the

critical boundaries outlined in section 2.2. One boundary index follows, for all replacement situations, the

assumption underlying LNP that the new quality-adjusted price is equal to the old price. The other bound-

ary indexuses theassumptionof theDPCmethod that thequality difference is either negligible or0, there-

foredirectly comparing theoldandnewprices ina replacement situation. The third indexwecalculateuses

actual quality adjustment (QA) conducted by Statistik Austria and ISTAT, as documented in the index pro-

duction systems by the flags mentioned above. Under reasonable assumptions, the new quality-adjusted

price should fall somewhere in between theold andnewprices, and thus theprice index actually calculated

by Statistik Austria and ISTAT should lie between the indices derived from the two extreme assumptions,

which represent the upper and lower bounds for reasonable quality adjustment. Put differently, if the ac-

tualprice indexsystematically andpermanentlyexceeds the rangespannedby theupperand lowerbounds,

wewould conclude that quality adjustment is so strong that ameasurement bias in inflation of that partic-
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ular item cannot be ruled out.

It is important to stress that a bias can only be assumed for cases of systematic andpermanent deviation

beyond the range spanned by the DPC and LNP indices. In single cases, there can be justified exemptions

from that rule, such as seminal technological progress. Therefore, we have focused our judgment on the

annual average change rate of all three indices for periods of six years (Austria) and seven years (Italy),

respectively, taking into account a large number of replacement cases. This should help us form a robust

judgment about the possibility of a bias.

Overall, our exercise can be seen as a plausibility check of the actual quality adjustment conducted by

the statistical institutes rather than a check for correctness, as quality adjustment, especially in its explicit

form (Austrian data), is andwill always be a subjective decision of the statistician at work.

4 Data

4.1 Austria

The Austrian dataset used to calculate the quality-adjusted indices consists of monthly observations from

January 1996 to December 2017 for over 1,000 products and services. However, we limit our analysis

to the period after the introduction of chain-linking in the Austrian HICP in 2011, since the update of the

goodsbasket at5-year intervals prior to this date is usually associatedwithextensive redefinitionsof prod-

uct descriptions which would create a break in our indices. In addition, we include only selected products

from the non-energy industrial goods (NEIG) component, as quality adjustment plays a minor role for the

other components of the HICP, i.e. food, energy and services.18 The products within the NEIG component

were chosen on the basis of (1) a high incidence of quality adjustments and (2) significant weight or rep-

resentativeness of the product within subgroups of products, e.g. one furniture item, one IT product, one

clothing item, etc.

Based on these considerations, we chose the following 12 products to be included in our analysis: bed-

room furniture, sofa set, dishwasher, electrical razor, toothbrush, washing machine, lawn mower, sink,

laundry detergent, notebook/tablet, PC andmen’s jeans.19 These products together account for about 3%

of the Austrian HICP.

4.2 Italy

We use monthly micro consumer price data provided by ISTAT, covering the period from January 2011 to

December 2018. In particular, we use prices collected locally once amonth bymunicipal statistical offices

in over 70 provincial capitals. Hence, our sample does not include prices collected centrally (e.g. cars) and

those collected locally more than once a month (e.g. some unprocessed fresh food items). The dataset

comprises around 3.5 million observations per year, classified into 267 8-digit COICOP categories, which

are in turn grouped into 69 4-digit COICOP categories.

Based on the same considerations as for Austria (a high incidence of quality adjustments and significant

18See also table 1. Most products we include in our analysis are in COICOP group 05 (Furnishings, household equipment and
routine householdmaintenance).

19Product names correspond to the official category definitions according to theCOICOPclassification further customizedby the
NSIs; plural forms are used in the text for readability and grammatical consistency.
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weight or representativeness of the product within subgroups of products), we chose the following ten

products for inclusion in our analysis: men’s pants, women’s pullover, washing/dryer machine and dish-

washer, bedroom furniture, laundry detergent, fridges and freezers, appliances for heating and air condi-

tioning, TV, small electronic appliances (razor/toothbrush), jewellery and clocks. These products together

account for about 2% of the Italian consumer price index.20

5 Results

5.1 Austria

In chart2weshowtheevolutionof theprice indices recalculatedon thebasisof theabove-mentionedflags:

the index reflecting the actual quality adjustment conducted by Statistik Austria (blue line) together with

the indices under the assumption of direct price comparison (DPC, turquoise line) and the assumption of

link-to-show-no-price-change (LNP, beige line). All indices start at 100 in January 2011.

As can be seen from chart 2, formost of the displayed products, the quality-adjusted price index accord-

ing to information from Statistik Austria remainswithin the upper and lower bounds as defined above. For

bedroom furniture and PCs, for example, the quality-adjusted price index is very close to the DPC index.

This means that the adjustment of prices due to quality changes is relatively small, such that there is little

difference from the case where there is no quality adjustment. In contrast, for sofa sets and laundry de-

tergents, themajor part of the price changes is assessed to be due to quality changes, resulting in a similar

trajectory between the quality-adjusted price index and the LNP index. For most remaining products in

chart 2, the quality-adjusted price index is somewhere in themiddle between the upper and lower bounds.

Exceptions are sinks and electrical razors, for which the quality-adjusted index is slightly below the lower

bound in theperiodbetween2014and2017 (sinks) and in2011 (razors). This canonly happenwhenprices

increasewhilequalitydecreases, orwhenbothpricesandqualitydecrease,withqualitydecreasingpropor-

tionally more than prices. These are quite unusual situations that should not occur in the data too often.

Both examples are also remarkable in that the DPC and LNP indices intersect at one point in time (razors

in 2011, sinks in 2015), which may point to a fundamental change in the market and probably drives the

quality-adjusted index outside the corridor for some time. Finally, for the only clothing item in our sample,

men’s jeans, all three price indices follow a clear seasonal pattern and align closely with each other. This

implies that quality adjustment apparently only plays aminor role for clothing.

From this evidence, we conclude that, with only few exceptions, quality adjustment of the Austrian data

– at least for the products in our sample – is undertaken within reasonable bounds and, thus, there is no

indication of systematic measurement bias induced by quality adjustment. Of course, this conclusion is

only based on a small number of products, but these products appear to be quite representative of the

whole non-energy industrial goods sector.

How do the differences in the three indices for theQA, DPC and LNP cases translate into differences in

inflation rates? Chart 3 shows the annual inflation rates corresponding to the indices shown in chart 2.

20As forAustria,we includeonly selectedproducts fromthenon-energy industrial goods (NEIG) component, asquality adjustment
plays a minor role for the other components of the HICP, i.e. food, energy and services. Notice that bedroom furniture has been
available in the PRISMA database since 2012; data on TVs, washing/dryer machines and dishwashers, and fridges and freezers are
available until 2017.
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Chart 2

Austria: price indices for different quality adjustment assumptions
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Chart 2

Austria: price indices for different quality adjustment assumptions (continued)

 

7 

Chart 1: Price indices for different quality adjustment assumptions (continued) 
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Chart 3

Austria: inflation for different quality adjustment assumptions
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Chart 3

Austria: inflation for different quality adjustment assumptions (continued)

 

10 
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From eyeballing we can see that, for most products and time periods, the inflation rate based on the

actualqualityadjustmentofStatistikAustria liesbetweenthe inflationrates impliedbytheupperand lower

bounds,DPCandLNP, respectively. Thereareonlyvery fewand temporaryexceptions. Moreover, formost

products and time periods, the inflation rates under the three assumptions of quality adjustment appear

to be quite close to each other. However, looking at the axis scale of the charts, we realize that inflation

at the item level is quite volatile. For this reason, it is difficult to say just by looking at the charts whether

differentways of quality adjustment have a sizeable impact on the resulting inflation rates. To address this,

we report average annual inflation for the period2011–2017 for the three types of quality adjustment and

each product in table 2.

Table 2

Austria: average inflation for different quality adjustment assumptions in % (2011–2017)

Products DPC QA LNP
Bedroom furniture 4.3 3.8 1.7
Sofa set 2.9 1.8 1.2
Dishwasher 0.4 0.2 0.2
Electrical razor -0.9 -0.7 -1.5
Toothbrush 0.6 0.3 -0.3
Washingmachine 0.2 0.1 -0.6
Lawnmower 0.7 0.4 -0.2
Sink 3.2 1.0 0.8
Laundry detergent -1.2 -5.3 -6.0
Notebook/tablet -0.1 -3.1 -5.3
PC 1.3 0.6 -1.7
Men’s jeans -0.6 -0.5 -1.4

Note: DPCdenotes direct price comparison, QA the quality adjustment accord-
ing to information fromStatistikAustriaandLNPlink-to-show-no-price-change.
Source: Authors’ calculations.

Table 2 reveals that, for most products, inflation rates based on the actual quality adjustment using infor-

mation from Statistik Austria lie between the DPC and LNP inflation rates. Exceptions are electrical razors 

and men’s jeans, with negligible deviations. For most products, the difference between the three qual-

ity adjustment methods is quite significant. The largest differences are observed for notebooks/tablets 

and laundry detergents, followed by PCs, bedroom furniture and sinks. Taking the example of 

notebooks/tablets, compared to the quality adjustment conducted by Statistik Austria, inflation in the 

period 2011–2017 would have been about 3 percentage points higher if there was no quality adjustment of 

prices and by 2.2 percentage points lower if all price changes were completely explained by quality 

changes. On average across all products considered, quality-adjusted inflation turns out to be exactly in 

the middle between the two extreme cases represented by DPC and LNP.

5.2 Italy

We report the results for price indices for three cases: the actual CPI index computed by ISTAT using quality 

adjustment (blue line) together with the indices under the assumption of direct price comparison (DPC, 

turquoise line) and under the assumption of link-to-show-no-price-change (LNP, beige line).

As can be seen from chart 4, the differences between the upper and lower bounds are much smaller in 

Italy than in Austria. The official index is always close to the lower bound, which means that price changes
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Chart 4

Italy: price indices for different quality adjustment assumptions

12 

Chart 3: Price indices for different quality adjustment assumptions 
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Chart 4

Italy: price indices for different quality adjustment assumptions (continued)
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Chart 3: Price indices for different quality adjustment assumptions (continued) 
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Chart 5

Italy: inflation for different quality adjustment assumptions

 

14 

 

Chart 4: Inflation for different quality adjustment assumptions 
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Chart 5

Italy: inflation for different quality adjustment assumptions (continued)
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Chart 4: Inflation for different quality adjustment assumptions (continued) 
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in replacement situations are mainly attributed to changes in quality: it means that we can interpret the

quality adjustment that was actually carried out as representing the lower bound. This points to a differ-

ent philosophy for the strategy of sampling, replacement and quality adjustment as awhole, using a rather

narrow definition of products to avoid complex quality adjustment procedures in replacement situations.

From this evidence, we conclude that quality adjustment of the Italian data – at least for the products in

our sample – is undertaken within reasonable bounds and, thus, there is no indication of systematic mea-

surement bias induced by quality adjustment. Our conclusion is based on a small number of products that

are representative, in our view, of the non-energy industrial goods sector. The same holds when we look

at inflation rates as shown in chart 5.

Finally, we present the average annual inflation for the period 2011–2018 for the three cases of quality

adjustment and each product in table 3. In the sample period considered, it seems that for four out of ten

products, the quality-adjusted CPI index is outside the corridor; in two cases, it is below the lower bound

and in two cases above. However, in all of these cases, the gap between the corridor and a possible bias is

small; with the exception of bedroom furniture, the bias would bewithin roundingmargins.

Table 3

Italy: average inflation for different quality adjustment assumptions in % (2011–2018)

Products DPC QA LNP
Men’s pants -0.02 -0.02 0.07
Women’s pullover -0.22 -0.22 -0.09
Washing/dryer machine and dishwasher -0.00 -0.01 -0.01
Bedroom furniture 0.16 0.23 0.20
Laundry detergent 0.38 -0.07 -0.07
Fridges and freezers -0.93 -1.34 -1.32
Appliances for heating and air conditioning 0.61 0.71 0.69
TV -0.38 -0.63 -0.64
Small electronic appliances (razor/toothbrush) -0.06 -0.08 -0.09
Jewellery and clocks 0.31 0.26 0.27

Note: DPC denotes direct price comparison, QA the quality adjustment according to information
from ISTAT and LNP link-to-show-no-price-change.
Source: Authors’ calculations.

6 Discussion

The results shown in the previous section lead us to some remarkable conclusions. First, depending on

national practices, the corridor for meaningful quality-adjusted prices may be of substantially different

size: Austria shows rather large corridors, Italy rather small ones. As pointed out before, we can conclude

that both countries follow different strategies for the complex of sampling, replacement and quality ad-

justment: Austria seems to use wide product descriptions and compensate for rather arbitrary replace-

ments by explicit quality adjustment; Italy seems to use narrow product descriptions or narrowly defined

strata, which limits the corridor and also implies rather similar quality adjustment results, independent of

themethod.

Second, neither the method we have used nor the results point to the existence of substantial quality

adjustment biases in the CPI of either country. Where the quality-adjusted index lies outside the corridor,
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the difference is always rather small and points to a downward bias.

Third, the results also show that, even within the corridor, the use of certain quality adjustment pro-

cedures may drive the inflation rate in a certain direction. One example is laundry detergents in Austria,

where, despite a 4.8-percentage-point difference in the average change rates of the DPC and LNP indices,

the QA index is only 0.7 percentage points above the lower bound. Systematically applied, a quality ad-

justment policy could be used that leads to substantially different inflation rates despite using justifiedQA

methods that lie inside the corridor. This calls for additional harmonization efforts for sampling, replace-

ment and quality adjustmentmethods within the euro area.

Fourth, the results also show the limits of our method. From the perspective of propositional logic, we

cannot conclude that a bias exists merely because the quality-adjusted index lies outside the corridor. We

can only conclude that, if the index is inside the corridor, it has no bias. The example of one product whose

price requires a quality adjustment that exceeds the corridor forwell-justified reasons – due to technolog-

ical progress – underlines this logical consideration.

Another limitation is that themethod seems to require rather stablemarket conditions, i.e. a fixedorder

betweenDPCandLNP indices. A situationasobserved for sinks inAustria,where theDPC index surpassed

the LNP series after several periods, makes the interpretation of the results of the quality-adjusted index

problematic, at least for the periods around the change. In addition, as quality adjustment may exceed the

corridor in single cases, the time span over which the method should be applied is rather long, in order

to make a general judgment as to whether the corridor is maintained. The use of indices and long-term

averages is an outcome of this limitation.

7 Conclusions

The aim of this paper is to show a new approach for determining a potential measurement bias in the CPI

caused by improper quality adjustment. We try to assess – based onmicrodata from a number of selected

non-energy industrial goods –whether the quality adjustment practices in Austria and Italy happenwithin

reasonable boundaries or whether they lead to a possible bias in the measurement of item-specific infla-

tion.

The approachwe have taken is driven bymicrodata, as the results of quality adjustment can only be ob-

served at that level. Determining ameaningful corridor for quality-adjusted indices also addresses the im-

possibility of defining quality in an undisputedway and the necessity of subjective judgments by the statis-

tician conducting quality adjustment.

Our results for Austria indicate that, for most of the products and time periods, the quality adjustment

basedon information fromStatistikAustria leads to inflation rates thatare lower than thoseobtainedwith-

out any quality adjustment and higher than those that would result from applying a quality adjustment

strong enough to completely offset the price changes. For some of the products considered, such as bed-

room furniture, toothbrushes and washing machines, the quality adjustment is rather small, such that the

resulting inflation rates resemble those obtained when no quality adjustment is applied. For other prod-

ucts, however, such as sofa sets, sinks and laundry detergents, the quality adjustment is strong enough to

almost compensate for the entire price change. Only for PCs (in the period from 2013 to 2014) and for
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electrical razors (in 2016 and 2017), we find evidence of excessive quality adjustment that overcompen-

sates price changes and should therefore be interpretedwith caution. Whether a small quality adjustment

is preferable or more correct than an extensive quality adjustment is difficult to assess a priori. Especially

in its explicit form,which iswidely used inAustria, quality adjustment always involves a subjective decision

by the statistician, meaning that any approach to quality adjustment can be justified. However, our results

show no evidence of systematically overstated quality adjustment across many products in Austria that

would lead to a bias in themeasurement of inflation.

For Italy, where ISTAT mainly uses implicit methods of quality adjustment, the results are reasonable

and shownoevidenceofmajor quality adjustmentbiases in price indices and inflation rates. However,with

the exception of two cases, the official index for the chosen products is close to the lower bound, meaning

that the Italian CPI may be near the minimum of what could be considered a reasonable range of quality-

adjusted indices.

Thedifferencesbetween theexplicit and implicitmethodsusedbyStatistikAustria and ISTATeventually

call for more harmonization of quality adjustment, sampling and replacements among euro area countries

in the future. Our study itselfmay be a trigger formoremicrodata-driven studies on quality adjustment, as

quality adjustment procedures can be assessed only at this level.
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