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ABSTRACT
Price sensitivity measured as Weber fraction and price elastic-

ity of demand depend on the frame of reference: a purchase may be 
considered either as gain (price decrease condition) or loss (price de-
crease condition). The paper compares psychological and economi-
cal methods of studying the price / demand relationship. 

INTRODUCTION
There is a plethora of studies in consumer behavior that dem-

onstrate a poor knowledge of prices on the part of customers. For 
example, Dickson & Sawyer (1990) observed that more than half 
of shoppers did not remember the prices of articles they had just put 
into their shopping carts in a supermarket. However, the results of re-
search on price knowledge are inconclusive. The actual memory for 
prices varies from 5% to over than 50% of correct recalls (Estelami 
& Lehman, 2001) and is highly dependent on the method of study 
and socio-economic variables (Gaston-Breton & Raghubir, 2013). 
Still, marketing specialists purposefully use high or low price strate-
gies assuming that consumers can compare prices to some point of 
reference (Kotler & Anderson, 2010). Such strategies would be use-
less if consumers did not have some kind of price sensitivity, i.e. the 
ability to compare the actual price with one believed to be typical on 
the market.

There are many measures of price sensitivity, and some of them 
are designed exclusively by marketing research companies. Most of 
such approaches either register actual shopping behavior as a func-
tion of price changes (Tellis, 1988), use a simulation of a shopping 
situation (Burke, Harlam, Kahn, & Lodish, 1992) or measure the so 
– called willingness to pay (Miller, Hofstetter, Krohmer, & Zhang, 
2011), i.e. consumers’ predictions on how much they would spend, 
if they happened to buy a certain product. Some studies, however, 
use methods derived directly from perception studies in psychology. 
Monroe & Venkatesan (1969) probably were the first to use the per-
ceptual methods for studying price sensitivity. In one of their stud-
ies the authors used the limit method borrowed from Woodworth 
and Schlosberg (1954). In the study of perception the limit method 
is used to investigate the difference threshold, i.e. the change of a 
physical property of a stimulus that is registered by the participants 
of the experiment as “the just noticeable difference”. For example, in 
the study of acoustic perception the participants hear an initial tone 
at a certain level of loudness and are exposed to a series of tones 
that are gradually louder. What is measured in this kind of study is 
the difference in decibels between this initial tone and the tone that 
participants perceive as louder than the first one. The tones may be 
presented in an ascending or descending order but the difference that 
the participants are able to register does not depend on the presenta-
tion order. Monroe & Venkatesan mirrored this method by present-
ing the participants initial prices (high and low) for seven different 
products (e.g. blouse, hair dryer) and then a set of 14 new prices 
serially in ascending and descending orders. Their study proves that 
buyers not only have an upper constraint on pricing but also refuse to 
buy products, if they are priced below the lower limit of the accepted 
price range. 

THE WEBER FRACTION AND THE GAIN – LOSS 
PERSPECTIVE

Much experimental and brain imaging research confirms the 
hypothesis that numbers are represented in human mind not only in 
verbal and graphic codes, but also as “fuzzy” representations of nu-
merical magnitudes that largely speaking obey the Weber law (De-
haene, 1997). This is reflected by the distance and size effects: the 
reaction time needed to distinguish two numbers is inversely related 
to the numerical distance between those numbers, and for an equal 
distance it increases with number size. One consequence of this is 
the fact that the standard deviation of estimated prices should be pro-
portional to their means. If this proportion is constant for a certain 
product, then it should be regarded as the statistical equivalent of the 
Weber fraction (Woodworth & Schlosberg, 1954). Indeed, Dehaene 
& Marques (2002) showed that the typical value of the Weber frac-
tion, measured as SD/Mean ratio was around 0.35 and was similar in 
the studies across different countries when the price was expressed 
in the native currency. When the consumers have well established 
knowledge of prices of the frequently bought items, the Weber frac-
tion is typically around 0.15. This value may therefore represent the 
intrinsic variability associated with the cognitive system of number 
representation.

The crucial difference between perceptual and pricing studies 
that use psychophysical methods lies in the very nature of the tasks. 
The sheer mentioning of the money concept in any kind of study 
automatically activates cognitive representation of money with all 
its psychological consequences (Vohs, Mead, & Goode, 2006). One 
obvious consequence is that money is used for making transactions. 
Even if people spend money on buying products, they typically do 
not have a feeling of losing money, rather they estimate whether their 
purchase was a good or bad deal (Thaler, 2008). Inevitably the con-
cept of money brings about gain and loss perspectives. One can ei-
ther make a good deal or pay more than expected and therefore make 
a loss. Seminal studies by Kahneman & Tversky (1979) showed that 
the same outcome can be valued differently depending on whether 
it is considered as a gain or loss according to some reference point. 
For example, even positive information such as price reduction by 
5% can be regarded as a loss if someone expected a price cut of 10% 
(Puto, 1987). 

EXPERIMENTAL STUDY
The study was conducted with the use of a web based service 

for gathering data from on – line questionnaires. In the study par-
ticipated 518 respondents: 47% males and 53% females. The partici-
pants were randomly assigned to one of two groups: price-decrease 
condition and price-increase condition. In both groups the partici-
pants were asked to make decisions at what price they would buy the 
following six items: a toothpaste, a loaf of bread, a ball pen, a pair 
of shoes, an indoor hot tub. The name of each item was presented 
separately on a computer screen with the first, initial price below it. 
In the price-decrease condition the initial price was the highest one 
and the participants were informed that they should consider it as too 
high to buy the product. After they had pressed the button, they could 
see the next price which was lower by 5% from the initial one. The 
participants’ task was to make a decision to either buy the product for 
this lower price or to wait to see the next reduced price. If they de-
cided to wait, they could see the next lower price – a 10% reduction 
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from the initial one. There were 9 price reduction options for each 
product and they were presented in descending order with an incre-
ment of 5% from the initial price in each step. The key instruction for 
the participants in this group was the following: “Imagine that you 
have decided to buy each of the following products but when you 
discovered their prices you thought the products were too expensive. 
However, you may want to buy each product for a lower price. You 
will see the consecutive reduction of prices. Please, make your deci-
sion and choose the price that you would already accept for each 
product”. The task of the participants was to mark on the web page 
the prices that they do not accept (“I would not buy for this price”) 
and the prices they accept (I would buy for this price”). 

In the price-increase condition the procedure was similar to that 
used in the price-decrease condition, but in this case the first initial 
price was the lowest one and was followed by nine prices presented 
in an ascending order with the same incremental steps of 5% as in 

prices did not differ in the groups of ascending and descending order 
of price presentations (Wilcoxon test: z = .52, p. = .6). However, the 
distribution of  acceptance prices was different in two groups. Tech-
nically speaking a two dimensional plot with prices on axis X and 
the frequencies of participants accepting actual price level for a par-
ticular product is a cumulative distribution curve and can be used to 
extrapolate a probability density distribution. Table 1 presents means 
and Weber fraction for all six products from the study. Table 1 also 
presents the price elasticity of demand for each product – the concept 
that will be discussed below.

Table 1. Means, standard deviations and Weber fractions for six 
products presented in the study (Mean prices are presented in the 
Polish Currency Polish zloty, PLN = 3.3 $)

The calculation of the Weber fractions followed the procedure 
described by Dehaene & Marques (2002), therefore the Weber frac-
tion is a result of dividing the standard deviation by the mean. As it 

Price-decrease condition Price-increase condition

Product
Mean Weber Price 

elasticity
Mean Weber Price 

elasticity

Toothpaste 6.33 0.202 -1.32 6.55 0.078 -2.24

Bread 1.78 0.225 -0.95 1.94 0.077 -1.56

Ball pen 2.68 0.2 -1.03 2.44 0.09 -1.53

Shoes 198 0.186 -1.74 179.25 0.077 -2.02

Hot tub 10457 0.222 -1.50 10422 0.08 -2.02

Refrigerator 1640.97 0.190 -1.85 1315.11 0.079 -1.85

the descending order. The participants were instructed that they had 
to imagine buying each of the products for the initial price. The key 
instruction phrase in this group was the following. “You will see an 
ascending list of prices for each product. Please make your decision 
and choose the price that you would still accept for each product 
even though it is higher than your initial conviction”. Similarly to the 
other group, the participants were marking the prices they would and 
would not accept. The initial prices in both groups were chosen after 
a pilot study in which a different group of participants was asked to 
list low and high prices for the same items as those used in the ex-
periment. The prices in the study were presented in Polish currency 
(Polish zloty, abbreviated as PLN) and whole study was prepared in 
Polish – the language native to all the participants. 

FINDINGS
The participants from the price-decrease group were informed 

that they should consider the first initial price for each product as too 
high, so they unanimously marked all initial prices with “I would not 
buy for this price” tag. However, as the prices went down, the num-
ber of those who would accept certain prices went up. On the other 
hand, the participants from the increase condition were instructed to 
accept the initial, and in this case the lowest price, and as the prices 
went up, the numbers of those willing to buy the products for the 
given prices were diminishing. The mean of the two price estimates 
when the participants changed their decisions (from “I would not 
buy” to “I would buy” in the decrease condition and vice versa in 
the increase condition) can be treated as the average accepted price 
for each of the six products used in the study. The means of accepted 

seems from the data presented in Table 1 in the case of each product 
the Weber fraction was at least twice as much higher in the price-
decrease than in the price-increase condition. Although there were 
only six types of products, the differences between the Weber frac-
tions are statistically significant: binomial test, p = .016.

As the Weber fractions from Table 1 reveal consumers are twice 
as much more sensitive to price changes when the prices go up with 
the comparison of price reduction. From the practical point of view it 
means that when consumers do not accept the initial price (as in the 
decrease condition), they differ very much in their opinion on how 
much the price should be reduced to be accepted. On the other hand, 
when consumers accept the initial price (as in the increase condi-
tion), they are more consistent in accepting the higher price. This re-
sult is in line with the prospect theory (Tversky & Kahneman, 2007) 
that states that judgments are asymmetric. But the novel finding from 
the study is that consumers differ much more in the case of accepting 
gains than losses. Even though the average accepted price does not 
depend on the gain or loss perspective.

PSYCHOLOGICAL ACCOUNT OF PRICE 
SENSITIVITY AND ECONOMIC CONCEPT OF 

PRICE ELASTICITY
The concept of price sensitivity should be in accordance with 

the economic concept of elasticity of demand. When consumers are 
more sensitive to price changes this should be reflected in price elas-
ticity of demand, which is represented by the formula in equation 1:
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where ep stands for price elasticity, dQ – change in quantity of 
demand, dP – change in price, P and Q – actual price and the 
quantity of demand.

The formula in equation (1) yields a negative value as the 
changes of demand are inversely related to the changes of price 
(Begg, Fisher, & Dornbush, 2008). Price elasticity of demand is 
calculated as the ratio of the percentage difference of the demand 
and the percentage difference of the price. In the standard version 
this ratio is calculated in such a way that it is the same regardless 
if one takes into account the rise in or reduction of price. Such an 
approach does not take into account the type of the decision situa-
tion as it is seen by a consumer. The rise in and reduction of price 
are psychologically different, hence they trigger a different framing 
of the buying situation: either as a loss or as a gain. As the refer-
ence point is the key factor in incorporating the particular frame, 
then the order of comparing prices, i.e. if the current price is higher 
or lower than the reference point, should be also taken into account 
in the calculation of price elasticity. This hypothesis was verified by 
Putler (1992) who observed that the absolute value of price elasticity 
of demand on eggs was twice as much higher (0.78) in the case of 
price increase in comparison with price decrease (0.33). Therefore 
even small increase in price made the purchase unattractive to twice 
as many consumers than the equivalent decrease in price made the 
purchase attractive. 

The price elasticity of demand may have different values along 
the demand curve, however it can be also expressed as the steep 
slope of a line that approximates the demand as a linear function. 
Therefore, the general price elasticity is stable along the demand 
curve, what is expressed by equation 2:
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where α stands for the angle of slope of the linear approxima-
tion of the general price elasticity.

When the demand curve is approximated by a linear function 
its slope is constant along the range of prices and therefore the re-
verse of the slope, measured by 1/tg α, can be regarded as the general 
indicator of price elasticity of demand. Although the data used in 
the experiment described above come from a study that only simu-
lates purchase decisions, it can be used to calculate the general price 
elasticity of demand as the numbers representing different levels of 
prices can be paired with the proportion of participants who declared 
buying products with those prices. The general price elasticity of de-
mand was calculated separately for the participants in the price-de-
crease and price-increase conditions. In the case of every product the 
absolute value of general price elasticity of demand is significantly 
higher in the increase than in the decrease condition. For example, 
rise in price of toothpaste by 1% reduces the demand by 2.24% while 
the decrease of price by 1% increases the demand by 1.32%. Gener-
ally, the price elasticity of demand is about 40% higher in the case of 
an increase than decrease of the price for all six products used in the 
study. All values of general price elasticity are presented in Table 1.

If the elasticity of demand is high, then even small changes in 
price are reflected in the changes of the quantity of demand. Like-
wise, when the price sensitivity is high then consumers are more 
influenced by price changes. As the relation between price sensitiv-
ity and the Weber fraction is reversed, therefore higher values of the 
Weber fraction should be associated with lower absolute values of 
general price elasticity. Indeed, this pattern of relation was supported 

by the data of the study (Spearman ρ = -.76, p < .05). Figure 1 sum-
marizes this result in a graphic form.

Figure 1. The relation between the Weber fraction and the abso-
lute value of the general price elasticity of demand for six products 
used in the study

On the basis of the analysis presented above it can be concluded 
that perceptual ability to distinguish prices is strictly connected with 
the economic concept of price elasticity of demand. 

CONCLUSIONS AND IMPLICATIONS
The aim of this study has been to investigate differences be-

tween price sensitivity in price-increase and price-decrease condi-
tions. The limit method, that is a presentation of prices in ascend-
ing or descending orders, used in the study was borrowed from the 
studies of perception. Price sensitivity was measured by means of 
the Weber fraction, which was defined as a division of the standard 
deviations of accepted prices over the means. The Weber fraction has 
been used in the study of price perception since the 1960s (Webb, 
1961), nevertheless the analogy between the perception of physi-
cal properties of stimuli and prices is not straightforward. Although 
most consumers are not able to distinguish between the weight of 
two products, if they differ less than 2% in weight, still all of them 
would not have problems in noticing even a small difference between 
two different prices of exactly the same product, though it might take 
some time when the difference is really small (Thomas & Morwitz, 
2009). However, noticing that the new price differs from the previ-
ous one is not equivalent to triggering motivation to buy or refrain 
from buying a certain product. For example, Miller (1962) observed 
that price reductions must amount to at least 20% in order to make 
buying attractive. Therefore price sensitivity is not only perceptual, 
but also a motivational concept, that is it reflects a tendency to accept 
the actual price instead of investing time into finding a more attrac-
tive option. In the study presented above, the Weber fraction was 
defined as a proportion of the standard deviations of accepted prices 
and their arithmetic means. As it turned out, the average accepted 
price decrease is around 20% of the initial price which is equal to 
the value proposed by Miller. On the other hand, consumers are very 
likely to refrain from buying a product if its price has increased by 
only 8% from the initial accepted price. In other words, the range of 
price acceptance in the reduction condition is about two times bigger 
than the range of price accepted in the price-increase condition.
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The psychological concept of price sensitivity can be compared 
with the economic concept of the general price elasticity of demand. 
Although the way of calculating price elasticity of demand makes 
this value independent of the order in which new and old prices are 
inserted into the Equation 1 (see above), the data gathered for the 
study allowed for calculating the price elasticity coefficient sepa-
rately in the case of price-increase and price-decrease conditions. As 
assumed, the price elasticity coefficients were negatively correlated 
with the Weber fractions. Consequently, the products that elicited 
higher price sensitivity also elicited higher price elasticity of de-
mand. Moreover the calculations for price elasticity revealed that in 
the case of price reduction the demand is less elastic than in the case 
of price increase. And this result directly mirrors the same observa-
tion based upon the values of the Weber fraction.

The price of a product as any kind of number has a certain se-
mantic value (Brannon, 2006), especially in the case of consumer 
behavior - prices can be regarded as high, low or average. But there 
is also a pragmatic aspect of price perception: the estimation of the 
fact if the price is high or low is highly dependent on the context. 
This context may be activated by external sources, e.g. the previous 
price indicated in the promotional materials or internal sources, e.g. 
a recall from memory of a previous encounter with the same product 
priced at a lower or higher value. In the case of the research present-
ed above, the context was directly presented to the participants as the 
starting, initial price. In the decrease condition, this initial price was 
presented as too high and in the increase condition was presented 
as low. In both cases, the initial prices may form an anchoring ef-
fect (Ariely, Loewenstein, & Prelec, 2003). However, it should be 
noticed that those anchoring prices did not have an influence on the 
assessment of the prices that the participants would accept for prod-
ucts they saw in the study. In this respect, the result of the research 
presented above differs from standard findings. The Weber fraction 
that was used for calculating the price sensitivity is a relative mea-
sure that takes into account those average accepted prices. It can be 
concluded that the price-increase situation amounts to smaller varia-
tion (as measured by standard deviation) in the range of accepted 
prices than the price increase. Therefore both price sensitivity and 
price elasticity of demand should be studied, taking into account the 
appropriate frame of reference. 

In a famous quotation, Henry Ford stated that “My policy is the 
price reduction and this is the first step in management” (Ford, 1923, 
p. 146). Indeed, even if consumers consider the initial price for the 
product as too high, the reduction in price makes them less sensi-
tive to further price changes and therefore the demand is less elastic. 
The tendency to find gains or avoid losses in purchase decisions is 
a behavioral consequence of the motivational states represented in 
the  minds of consumers. However the demand is more dependent on 
price changes in the case of price increase. In this case, the margin of 
the increase is significantly smaller than the margin of price reduc-
tion. Therefore, even if consumers accept some increase in price, 
they will be very soon reluctant to buy a product if the price is in-
creased even by a small margin. This conclusion is supported both 
by the psychological concept of price sensitivity and the economic 
concept of price elasticity of demand. 
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