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Abstract. The presented research addresses the problem of efficient methods of mea-
suring actual price change of heterogeneous commodities which undergo very rapid
technological development. On those markets it is very likely that certain difficulties
arise in the process of prices comparison. Whenever there is significant change in char-
acteristics of a commodity, new technology is implemented, or commodity is removed
from the market, standard methods of price changes measurement might yield bi-
ased results, usually manifesting as overestimation of price growth rates. In response
to this problem the hedonic approach, which links the price of the good (PRICE)
with the set of its significant attributes (X) have been applied. The model, which
represents above mentioned relationship (PRICE = f (X;α; ε)), allows to calculate
theoretical price of a given good with specified set of characteristics, which in turn
allows to measure ,,true” price change. In presented research direct methods for cal-
culating hedonic price indices have been applied for data from selected ICT market -
tablet devices.
Keywords: Price indexes, Quality adjustments, Hedonic models, Tablets, ICT mar-
ket.

1 Introduction

The presented research addresses the problem of efficient methods of measuring
actual price change of heterogeneous commodities. The problem have arisen
at the end of 20th century with the rapid progression of technology. The sud-
den development of production engineering and emerging of completely new,
advanced technologies have caused acceleration in goods quality changes (see
e.g. Boskinet al.[4], Berndtet al.[3]). Some goods present on the market were
not comparable with the goods which prices were observed in the past. As
a result, standard methods of price changes measurement have yielded biased
results, usually manifested as overestimation of price growth rates. Hedonic in-
dices methodology provides alternative to conventionally used matched model
methods for producing quality-adjusted price indices (Aizcorbe[1]).

The foundations of hedonic methods are formed by the so-called hedonic
hypothesis which states that heterogeneous commodities are characterized by
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a set of relatively homogeneous attributes (Diewert[11], Brachinger[7]). More-
over it is assumed that there exists a relationship between the price of the good
and its significant characteristics which may be described by a certain function
f , called the hedonic function. As a consequence, the price of a commodity is
determined as an aggregate of values estimated for each significant character-
istic of this commodity. In presented research the log-linear regression model
of the following notation has been applied:

lnPRICE = f (X;α; ε) , (1)

where PRICE is the commodity price, α a vector of parameters, and ε the
error term.

The estimate of the vector of parameters α, obtained by estimation of a cor-
rectly specified hedonic regression model using a data set, allows to calculate
the theoretical price of a given good with a specified set of significant char-
acteristics. This property of hedonic models is crucial for their application in
revealing the ,,true” price change because of a change in characteristics.

Implementing adjustments reflecting quality differences in price indices is
discussed in most cases in relation to the Consumer Price Index (see e.g. Con-
sumer Price Index Manual...[8], Handbook on the Application...[10], At What
Price...[2]). In Poland this index is considered to be the most important price
change measure, mainly due to legal and economic implications (see  Lyko[12]).
The Consumer Price Index (CPI) constitutes the basis for numerous indicators
in Polish legal acts, among others it influences the valorisation of social secu-
rity benefits (e.g. unemployment allowance), capital indexation (e.g. bonds
interest rates) or the level of state and municipal taxes and fees (e.g. real es-
tate tax rates). The economic implications of CPI indicator are reflected by its
importance in the decisions of The Monetary Policy Council, in determining
fiscal policy of the State, in government budget construction, or in setting the
level of interests rates. In periods when main objective of monetary policy of
the State is to achieve appointed level of inflation, Consumer Price Index indi-
rectly influences other economic processes such as the money supply, exchange
rates or employment level. In Poland such situation took place for example
before the year 2003, when in accordance with The Mid-term Monetary Policy
Strategy, embraced by the Monetary Policy Council in the year 1998, the level
of inflation should not exceed 4%. One of the reasons for inflation suppression
at that time was the prospects of Poland joining the European Union. In this
view of things the correct measure of price change is fundamental for monetary
and fiscal policy of the State.

2 Hedonic price indexes

Hedonic price index is any index that makes use of a hedonic model (Triplett[15]).
Table 1 presents the classification of commonly used methods for calculating
hedonic indices into two groups: direct and indirect methods.

In direct methods the indices are calculated outright from the hedonic model
estimated coefficients, whereas in indirect methods the hedonic models are used



Indirect methods Direct methods

Hedonic Price Imputation Method Time Dummy Variable Method
- Single Imputation Approach - Pooled Approach
- Double Imputation Approach - Adjacent Period Approach
Hedonic Quality Adjustment Method Characteristics Price Index Method

Table 1. Methods for calculating hedonic price indices

to match the goods which differ in quality, and the indices are calculated in
standard ways (see de Haan[9], Silveret al.[14], Boveret al.[5]). In the presented
research direct method for calculating hedonic price indices - time dummy
variable method - has been applied for data from tablet devices market in
Poland.

The time dummy variable method consists in using a set of binary variables
specifying time periods as additional regressors in the equation 1. Pooled ap-
proach of time dummy variable method involves estimation of just one hedonic
regression with r − 1 time dummies:

lnPRICEi = α0 +

m∑
j=1

αjXi,j +

r∑
t=2

βtTi,t + εi (2)

where:
Ti,t - time dummy (equals 1 for the observations from period t and 0 for other
periods).
The time dummy hedonic index depicting price change in period t in compari-
son to period 1 may be calculated using the following formula:

TDHI t
1

= exp (β̂t). (3)

Alternatively, one might use adjacent periods approach, in which estimation of
hedonic regression for each period t = 2, . . . , r is required:

lnPRICEi,t = α0 +

m∑
j=1

αjXi,j,t + βtTi,t + εi (4)

where:
Ti,t - time dummy (equals 1 for the observations from period t and 0 for other).
In such case time dummy hedonic index (depicting price change in period t in
comparison to period t− 1) may be obtained from the formula:

TDHI t
t−1

= exp (β̂t). (5)

In pooled approach the prices of characteristics are assumed to be constant
over all periods t = 1, . . . , r, whereas in adjacent periods approach only in each
pair of adjoining time intervals.



3 Data set

The databases used in this study have been created using tool for data collection
from web pages developed by the author (for the description see Król[13]). The
data originate from Polish price comparison service providers and comprises
altogether 4,404 observations of tablet devices of 27 different brands offered in
Internet shops in Poland in the period of 10 consecutive quarters - from Q1 2014
to Q1 2016. Each offer is described by price (PRICE [PLN]) and the following
tablets’ characteristics: SCREEN – screen size [inch], STORAGE – internal
storage [GB] and RESOLUTION – screen vertical resolution [Mpix]. Moreover
the dummy variable indicating the operating system was used (WINDOWS),
as well as set of dummies representing the tablets’ brands. Table 3 presents
the number of complete observations in each analysed period.

Quarter No. of observation Quarter No. of observation

Q1Y2014 633 Q2Y2015 500
Q2Y2014 516 Q3Y2015 502
Q3Y2014 538 Q4Y2015 364
Q4Y2014 515 Q1Y2016 332
Q1Y2015 504

Table 2. Number of observations

The observed prices were offer prices, and not actual transaction prices.
However, the possible biases resulting from this approximation are not expected
to be significant, since the ICT market is rather transparent and informationally
efficient. It should be noted, nevertheless, that the gathered data did not took
into account the volume of sales of each separate tablet model, meaning that
each existing tablet have had the same input into model creation, regardless of
its sales in given period.

4 Hedonic models for tablet devices

4.1 Methodological notes

In order to determine the correct functional relationship for the models, the
Box-Cox transformations of the dependent variables were performed (see Boxet
al.[6]), indicating the correctness of the exponential (log-lin) relationship. The
models 2 and 4 were estimated using Ordinary Least Squares (OLS) method,
and since the presence of heteroskedasticity was detected, re-estimated using
White’s Weighted Least Squares (WLS) method. The procedure involves OLS
estimation of the model of interest, followed by an auxiliary regression to gener-
ate an estimate of the error variance, then finally weighted least squares, using
as weight the reciprocal of the estimated variance (see White[17]). Afterwards,
using the results of of t-test, the insignificant variables were rejected, and the
best models were chosen with the help of AIC and SC information criteria,



when necessary. Moreover, all models were tested using the Variance Inflation
Factors, indicating lack of serious collinearity problems.

4.2 Estimation results - pooled approach

Table 3 presents the results of pooled hedonic model estimation for tablet
devices in Poland in period Q1 2014 to Q1 2016.

The estimated model coefficients provide so called hedonic prices i.e. the
prices of individual characteristics of the analysed good. For example, one
inch increase in tablet screen size (variable SCREEN) results in approximate
13% increase in tablet price, ceteris paribus. In case of make characteristics,
coefficients provide brand valuation (brand premium) - the surplus amounts
the consumers are willing to pay just because the tablet is of a certain brand.
For instance, the most valued brand is Apple (the tablets from this producer on
average are about 141% ((exp (α) − 1) ·100%) more expensive in comparison to
the similar devices with brands from reference group, ceteris paribus), followed
by Sony (brand premium 109%). The reference group consisted in each case of
unbranded products (no-name), as well as of all brands for which influence on
the price turned out to be statistically insignificant. The time dummy variables
in the model show the price changes in the following quarters, controlling for
the influence of technical characteristics and brand names on the price. For
example, the average price of tablets decreased about 7,5% in second quarter
of the year 2014 in comparison to previous quarter, ceteris paribus. The most
important disadvantage of the pooled approach is the implicit assumption that
the hedonic prices (the prices of individual characteristics) are constant in the
analysed periods.

4.3 Estimation results - adjacent periods approach

The adjacent periods approach is more flexible in the sense that the hedonic
prices may change in time. Tables 4 and 5 present the results of adjacent
periods hedonic models estimation for tablet devices in Poland in period Q1
2014 to Q1 2016.

The obtained results support the supposition that the assumption about the
consistency of hedonic prices in time, which is being made in pooled approach,
might not be justified. This could be the result of either the technical develop-
ment (e.g. new technologies could influence production process and thus reduce
costs), or shifts in customers’ preferences (changing consumer behaviours, mar-
ket trends etc.). For example, tablets with Windows operating system, which
might have been a novelty in the first quarter of the year 2014 and therefore
were about 63% more expensive in comparison to Android devices, in the first
quarter of the year 2016 were only approximately 16% more expensive. Apple
iOS is not explicitly included in the models but it is equivalent to Apple brand
variable, and therefore the reference variable is only Android operating system
in this case. Similarly, the value of Apple brand on tablet market dropped in
this period form about 183% to approximately 114%.



Coefficient Standard error t-test p-value

constant 4,61223 0,0358563 128,6310 0,0000
SCREEN 0,135218 0,00401332 33,6922 0,0000
RESOLUTION 0,000414405 1,42888e–005 29,0020 0,0000
STORAGE 0,00564143 0,000279996 20,1482 0,0000
WINDOWS 0,291629 0,0204738 14,2440 0,0000
Q1 2016 −0,125558 0,0250074 −5,0208 0,0000
ACER 0,266850 0,0252337 10,5751 0,0000
APPLE 0,880193 0,0232775 37,8131 0,0000
ASUS 0,353702 0,0241742 14,6314 0,0000
DELL 0,380418 0,0383965 9,9076 0,0000
FUJITSU 0,503204 0,0885474 5,6829 0,0000
GOCLEVER −0,176669 0,0251823 −7,0156 0,0000
HP 0,678024 0,0575666 11,7781 0,0000
HTC 0,976600 0,0680362 14,3541 0,0000
KIANO −0,151381 0,0233614 −6,4800 0,0000
KRUGER&MATZ −0,0742844 0,0361462 −2,0551 0,0399
LARK −0,174239 0,0319054 −5,4611 0,0000
LENOVO 0,341052 0,0217477 15,6823 0,0000
LG 0,478794 0,0654247 7,3182 0,0000
MICROSOFT 0,474210 0,0725473 6,5366 0,0000
MANTA −0,190098 0,0329252 −5,7736 0,0000
NAVROAD −0,0562354 0,0286011 −1,9662 0,0493
OVERMAX −0,131742 0,0286954 −4,5910 0,0000
PRESTIGIO 0,0571224 0,0277481 2,0586 0,0396
SAMSUNG 0,562632 0,0282528 19,9142 0,0000
SONY 0,741273 0,0327436 22,6387 0,0000
TOSHIBA 0,268520 0,0568536 4,7230 0,0000
TRACER −0,353794 0,0479353 −7,3807 0,0000
VEDIA −0,192229 0,0732747 −2,6234 0,0087
Q2 2014 −0,0779712 0,0187459 −4,1594 0,0000
Q3 2014 −0,104882 0,0183111 −5,7278 0,0000
Q4 2014 −0,177149 0,0189803 −9,3333 0,0000
Q1 2015 −0,138453 0,0196879 −7,0324 0,0000
Q2 2015 −0,149596 0,0196303 −7,6206 0,0000
Q3 2015 −0,157362 0,0205584 −7,6544 0,0000
Q4 2015 −0,151792 0,0223176 −6,8014 0,0000

R2 0,804084 Adjusted R2 0,802511
F (35, 4360) 511,2681 p-value (F test) 0,000000
SIC 18894,90 AIC 18664,91

Table 3. Hedonic model estimation results: pooled approach



Q2 2014 Q3 2014 Q4 2014 Q1 2015

constant 4,568∗∗∗ 4,566∗∗∗ 4,489∗∗∗ 4,469∗∗∗

SCREEN 0,1520∗∗∗ 0,1323∗∗∗ 0,1319∗∗∗ 0,1282∗∗∗

RESOLUTION 0,0003044∗∗∗ 0,0004228∗∗∗ 0,0004480∗∗∗ 0,0004090∗∗∗

STORAGE 0,003906∗∗∗ 0,005515∗∗∗ 0,006575∗∗∗ 0,007814∗∗∗

WINDOWS 0,4884∗∗∗ 0,3925∗∗∗ 0,2861∗∗∗ 0,2257∗∗∗

ACER 0,3612∗∗∗ 0,2216∗∗∗ 0,2755∗∗∗ 0,2389∗∗∗

APPLE 1,041∗∗∗ 0,7961∗∗∗ 0,7879∗∗∗ 0,8067∗∗∗

ASUS 0,4337∗∗∗ 0,3137∗∗∗ 0,2644∗∗∗ 0,3318∗∗∗

DELL 0,3941∗∗∗ 0,2942∗∗∗ 0,2836∗∗∗ 0,3409∗∗∗

FUJITSU 0,4776∗∗∗ 0,3132∗∗∗

GOCLEVER −0,1505∗∗∗ −0,1977∗∗∗ −0,1599∗∗∗ −0,1109∗∗

HP 0,6813∗∗∗ 0,3448∗∗∗ 0,3913∗∗∗ 0,5025∗∗∗

HTC 1,862∗∗∗ 0,9614∗∗∗

KIANO −0,08264∗ −0,1573∗∗∗ −0,1427∗∗∗ −0,1143∗∗∗

LARK −0,1791∗∗ −0,1256∗∗

LENOVO 0,5159∗∗∗ 0,2014∗∗∗ 0,2575∗∗∗ 0,3293∗∗∗

LG 0,6059∗∗∗ 0,4751∗ 0,5277∗∗∗ 0,5851∗∗∗

MANTA −0,1179∗ −0,1379∗∗∗ −0,2383∗∗∗ −0,2909∗∗∗

MICROSOFT 0,5994∗∗ 0,7598∗∗∗

NAVROAD −0,1129∗∗ −0,09578∗ −0,08288∗∗

OVERMAX −0,1402∗∗∗ −0,1391∗∗∗ −0,1027∗

PRESTIGIO 0,1568∗∗∗ 0,1160∗∗ 0,1474∗∗∗ 0,1522∗∗∗

SAMSUNG 0,6660∗∗∗ 0,4739∗∗∗ 0,4831∗∗∗ 0,5197∗∗∗

SONY 0,7941∗∗∗ 0,5587∗∗∗ 0,6962∗∗∗ 0,7972∗∗∗

TOSHIBA 0,5854∗∗∗ 0,3821∗∗∗ 0,2874∗∗∗ 0,2694∗

TRACER −0,2745∗∗∗ −0,3666∗∗∗ −0,3391∗∗∗ −0,3058∗∗

YARVIK −0,1040∗∗ 0,1114∗∗∗

Q2 2014 −0,05664∗∗∗

Q3 2014 −0,02666
Q4 2014 −0,07203∗∗∗

Q1 2015 0,03595∗

n 1149 1050 1050 1017
Adjusted R2 0,9266 0,8414 0,7950 0,8798

Table 4. Hedonic model estimation results: adjacent periods approach
’***’ indicates significance level 0,01
’**’ indicates significance level 0,05
’*’ indicates significance level 0,1



Q2 2015 Q3 2015 Q4 2015 Q1 2016

constant 4,424∗∗∗ 4,411∗∗∗ 4,411∗∗∗ 4,361∗∗∗

SCREEN 0,1373∗∗∗ 0,1327∗∗∗ 0,1253∗∗∗ 0,1253∗∗∗

RESOLUTION 0,0004036∗∗∗ 0,0004365∗∗∗ 0,0004904∗∗∗ 0,0005281∗∗∗

STORAGE 0,009841∗∗∗ 0,009585∗∗∗ 0,007674∗∗∗ 0,007515∗∗∗

WINDOWS 0,1764∗∗∗ 0,1563∗∗∗ 0,1521∗∗∗ 0,1494∗∗∗

ACER 0,1798∗∗∗ 0,1748∗∗∗ 0,1676∗∗∗ 0,2786∗∗∗

APPLE 0,8034∗∗∗ 0,8901∗∗∗ 0,8856∗∗∗ 0,7602∗∗∗

ASSUS 0,4139∗∗∗ 0,3684∗∗∗ 0,3515∗∗∗ 0,3655∗∗∗

DELL 0,2787∗∗∗ 0,2432∗∗∗ 0,3852∗∗∗ 0,4343∗∗∗

FUJITSU 0,4365∗∗∗

GOCLEVER −0,1400∗∗∗ −0,1557∗∗∗ −0,1266∗∗ −0,1214∗

HP 0,3884∗∗∗ 0,7757∗∗∗ 0,8876∗∗∗ 0,7536∗∗∗

HCT 0,9187∗∗∗ 0,8490∗∗∗ 0,7690∗∗∗ 0,7770∗∗∗

KIANO −0,1217∗∗∗ −0,1639∗∗∗ −0,1580∗∗ −0,09594∗

KRUGER&MATZ −0,07808∗

LARK −0,1799∗∗∗ −0,2236∗∗∗ −0,2151∗∗∗

LENOVO 0,2630∗∗∗ 0,2445∗∗∗ 0,3085∗∗∗ 0,3033∗∗∗

LG 0,5188∗∗∗ 0,3793∗∗∗

MANTA −0,2303∗∗∗

MICROSOFT 0,1285∗ 0,1345∗∗ 0,3057∗∗∗ 0,3371∗∗∗

NAVROAD −0,07646∗

OVERMAX −0,1843∗∗ −0,2150∗∗∗

SAMSUNG 0,4865∗∗∗ 0,5348∗∗∗ 0,5853∗∗∗ 0,5799∗∗∗

SONY 0,7393∗∗∗ 0,7685∗∗∗ 0,7901∗∗∗ 0,7496∗∗∗

TRACER −0,3450∗

VEDIA −0,3909∗

Q2 2015 −0,01312
Q3 2015 −0,01380
Q4 2015 0,007187
Q1 2016 0,01540

n 1002 1000 864 694
Adjusted R2 0,8439 0,8030 0,8193 0,8618

Table 5. Hedonic model estimation results: adjacent periods approach (cont.)

5 Direct hedonic indices for tablet devices in Poland

In the final step of the presented research direct hedonic indices were calculated
using the results of the estimated models and formulas 3 and 5 for the pooled
and adjacent approaches respectively. Figures 1 and 2 presents the comparisons
of the indices for both approaches.

In the period from the first quarter of 2014 till first quarter of 2016 the
prices of tablet devices dropped about 12%. Moreover, the price changes in
both years followed similar pattern: the prices decreased in second, third and
fourth quarters, and increased in first quarter. However changes in the year
2015 were less apparent.



Fig. 1. Direct hedonic price indices for tablet devices in Poland (chain)

Fig. 2. Direct hedonic price indices for tablet devices in Poland (Q1 2014 = 1)
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