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“I had a growing feeling in the later years of my work at the subject that 
a good mathematical theorem dealing with economic hypothesis was 
very well unlikely to be good economics: and I went more and more on the 
rules – (1) Use mathematics as shorthand language, rather than as an engine 
of inquiry. (2) Keep to them till you have done. (3) Translate into English. 
(4) Then illustrate by examples that are important in real life. (5) Burn the 
mathematics. (6) If you can’t succeed in 4, burn 3. This last I do often.” 

(Alfred Marshall, 1906)

Abstract
This research aims to study the demand for 
a COVID-19 vaccine. The main objective of this re-
search was to investigate the willingness to pay (WTP) 
of those people who are eligible for the government-fi-
nanced vaccination programme under which this 
medication is available free of charge. Based on this, 
the study aimed to assess the optimum price that peo-
ple are willing to pay for the vaccine. More than 300 
undergraduate students were questioned in classroom 
experiments about their personal preferences in order 
to derive the demand curve for a hypothetical mar-
ket for the COVID-19 vaccine. A regression analysis 
of the results showed that the linear and power func-
tions could describe consumer behaviour and predict 
an optimal market price for the investigated item. In 
addition, the linear model fitted better. Finally, we 
compared our result with the real prices of the various 
vaccines available on the market to see if the predicted 
price was viable under the prevailing market condi-
tions. The optimal price informs us how many people 
will receive the next vaccine if it is offered at a specific 
market price. It also informs us what price the govern-
ment should assign to the vaccine to secure a particu-
lar target vaccination rate. 
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Introduction
The analysis of market demand is a central 
and crucial topic in economics. Researchers 
have shown great interest in the motivating 
factors behind individual and market con-
sumer decisions. In addition to the general 
theoretical approach to demand, several 
empirical surveys confirm the importance 
of people’s willingness to pay on given mar-
kets. Behavioural economics, which in no 
way breaks mainstream theories, also views 
customer behaviour analysis as a significant 
issue. By studying decision making based on 
classical rationality in a different light, we 
can gain a more comprehensive picture of 
consumer decision making.

From the other – supply side – viewpoint, 
pricing is important to many market players. 
In addition to being useful for consumers, 
market research and mapping consumer 
behaviour provide effective information 
for companies, markets and policymakers. 
With a more sophisticated picture of the 
evaluation of a product, we can make more 
solid pricing decisions.

For many products on the drugs and vac-
cines market, information related to cus-
tomer feedback is measured, analysed and 
used in real market situations. During the 
pandemic, the analysis of consumer per-
ceptions regarding vaccines received special 
attention. Therefore, the pricing decisions of 
consumers can also be examined in the case 
of vaccines, where vaccine recipients could 
assign values to individual doses of vaccines. 
Solvent demand for COVID-19 vaccines was 
shown; however, the characteristics of this 
demand were not analysed in detail. 

This research seeks to answer the ques-
tion of whether and how the demand curves 
known from textbooks work for this specific 
market in the current circumstances of the 
pandemic in 2022. The properties of the de-
mand curve are examined in detail, such as 
its slope, fit, elasticity and reservation price, 
with the goal of determining an optimal 

price level according to the level of demand 
on the market.

The product presented in our research is 
the next dose of a vaccine designed to com-
bat or cure the effects of COVID-19. At the 
time of research, it was known that more 
doses of a vaccine from either the same type 
or a different one could be taken to avoid the 
infection more effectively. Most participants 
had already received two doses, but some of 
them (with chronic illnesses) had also re-
ceived a third dose. Research papers cover, 
among other things, the interpretation of 
the concepts of willingness to pay and accept, 
the differences between them, and the con-
clusions drawn from the evaluations thereof. 
The value of the product, measured by an 
individual’s willingness to pay for it, formed 
the base of our demand curve. All of this was 
embedded into the teaching of the subject, in 
the form of a classroom experiment.

In our survey, we measured the willing-
ness of our subjects to pay for each dose of 
the COVID-19 vaccine and analysed the 
information related to the next available 
dose. We performed a regression analysis on 
the data obtained and examined which re-
gression model fitted the data best. We also 
calculated the optimal market price for the 
vaccine based on price elasticity.

The following section will present the ba-
sic ideas behind the market demand curve 
based on consumers’ willingness to pay in 
a theoretical market. This market should 
be considered special where the communi-
ty has an interest in the government paying 
for the vaccines so that they become a public 
good. Then, in the literature review research 
on the demand and supply of COVID-19 
vaccines, risk awareness and willingness 
to pay in different countries is presented, 
along with other factors affecting demand 
behaviour. 

The remaining article is structured as 
follows: the process and the results of the 
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classroom experiment are presented along 
with the questionnaire. This is followed by 
the statistical analysis of the results, which 
show that a linear demand curve could well 
describe the situation, allowing for the cal-
culation of the optimal market price. Then, 
we compare the theoretical price with real 
market conditions including the actual sell-
ing price of the vaccines to discern the via-
bility thereof. The final section of the paper 
provides implications for policymakers and 
the limitations of the study. 

1. Literature review
The classical model of mainstream econom-
ics broadly discusses the logic of market 
mechanisms and the relationship between 
supply and demand. The demand curve de-
scribes customer behaviour and can be used 
to determine how many goods consumers 
are able and willing to buy at different prices. 
This logic also applies to the price at which 
a buyer would be willing to buy a given 
quantity of a product.

In a simple economic model, where 
the demand curve is represented as d(p), 
the quantity demanded can be defined as 
a decreasing linear function of price (p): 
d(p) = a – b × p, where a stands for the reser-
vation price, b stands for the slope, and the 
slope b is higher than 0. Accordingly, the 
following equation can be used to calculate 
the market price: 0 ≤ p ≤ a/b. 

The simplest nonlinear (power) model is 
the isoelastic model. In this model, the de-
mand function can be described as: d(p) = 
a × p−b, where a > 0 and b > 1 (Huang, 2013).

Holt (2019) writes broadly about the role 
of pricing in classroom experiments and 
has used his experiments in several studies 
to prove how the supply and demand sides 
of the market behave and how equilibrium 
is reached. The above is used to demon-
strate how a simulated situation differs from 
a perfectly competitive model market. This 
model also derives the results obtained in 

the “usual” coordinate system, where it in-
terprets the concepts of reservation price 
and consumer surplus. These concepts are 
taught by distinguishing between individual 
willingness to pay and individual surpluses, 
as well as between the reservation price and 
the consumer surplus interpreted for the en-
tire market (Mankiw, 2011).

On the other side of the market, many 
retailers offer products with labels such 
as “compare at” or “original”. This implies 
that the consumer would get a good deal if 
they bought that product. More and more 
substance are given to the reference price 
process; therefore, empirical studies and 
surveys are conducted to determine it effec-
tively (Steckel, 2017). Transaction usefulness 
or reference result refers to the price that the 
buyers pay relative to the reference price. 
This is the market price value of the product, 
where the estimated reference price is de-
fined by the individual. The most significant 
variable in this definition is fairness, which 
is mainly determined by the expected costs 
of the seller. Overall, the former depends on 
the perceived merits of the transaction and 
the latter depends on the value of the goods 
received in relation to the input (Kolnhofer-
Derecskei, 2020). This research deals with 
the price of the next dose of the COVID-19 
vaccine (without revealing the brands) to in-
vestigate our subjects’ willingness to pay re-
gardless of the supply. 

The mainstream theory of pricing has 
been extensively studied by Friedman (2007). 
Based on his explanations, the focus of this 
article will be on pricing theory rather than 
monetary theory. The former is based on the 
allocation of scarce resources and presup-
poses a rational decision by market partici-
pants, whereas the latter deals with price lev-
els generically, from a macroeconomic point 
of view. At an individual level, students’ fi-
nancial behaviours and rational behaviours 
can influence their economic decisions 
(Kálmán, 2021). Pricing problems have also 
been analysed in Kálmán’s research. Some 
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studies have explored the relationship be-
tween inflation and pricing using a causal 
technique (Wale-Awe and Sulaiman, 2020).

In the traditional, mainstream eco-
nomic theory, the demand curve reflects 
consumers’ willingness to pay for different 
quantities of a product. The amount that in-
dividuals are willing to pay (i.e. the market 
reservation price resulting from their will-
ingness to pay) minus the amount actually 
paid (i.e. the market price) is called consum-
er surplus. Consumer surplus is easily pre-
dictable, as it follows stable preferences and 
rational decisions. 

The concepts of willingness to pay (WTP) 
and willingness to accept (WTA) can be 
evaluated in several areas. Greek researchers 
conducted a study on the issue of air qual-
ity and found that the government’s esti-
mates of welfare losses varied greatly with 
respect to the value measure (Vassilopoulos 
et al., 2020). It is now generally accepted that 
a consumer’s willingness to accept is greater 
than their willingness to pay. 

Researchers have proposed various the-
ories on the reasons for this difference. For 
instance, according to Morrison (1998), the 
difference can be due to the literacy, sub-
stitutability, or inaccuracy of respondents. 
In their survey of a wide variety of com-
modities, Horowitz and McConnell (2002) 
found that the less a commodity is like an 
ordinary market commodity, the higher the 
difference between WTA and WTP. This 
ratio is highest for non-market goods and 
comparatively lower for private goods. It 
can also be said that the ratios found in real 
experiments do not differ greatly from hy-
pothetical experiments. Around the same 
time, Zhao and Kling (2001) suggested that 
the difference between WTA and WTP may 
also be driven by the fact that uncertainty, 
irreversibility, and limited learning oppor-
tunities can lead to commitment costs.

Some researchers employed a random 
price auction in a cash experiment. The 
main reason for the difference between 

WTA and WTP, in this case, was that the 
parties involved in the experiment were 
reluctant to suffer a net loss on any trans-
action, whether buying or selling, and tend-
ed to consider the sale price well below the 
assumed market price. This was due to so-
called loss avoidance (Brown, 2005).

Georgantzís and Navarro-Martinez 
(2010) interpreted the difference between 
the two propensities from a psychological 
perspective, using tools based on five psy-
chological concepts: attitudes, feelings, good 
knowledge of the goal, risk attitudes, and 
personality. The results of their research 
provide insight into the psychological un-
derpinnings of the differences between the 
two concepts. 

The difference between WTP and WTA is 
also revealed in the case of health care. Data 
from a study by Whynes and Sach (2007) 
showed that the types of responses differed 
between the two evaluation approaches. In 
particular, the presumption of the substitut-
ability of the health intervention was an ob-
stacle to the performance of the WTA task 
when compared to the WTP. 

Behavioural economics also points to the 
limitedness of rationality. Kahneman and 
Tversky (1979) pointed out that the manner 
of communication could modify people’s 
decisions; therefore, it matters how we for-
mulate our messages. By following their re-
sults, behavioural sciences show the impor-
tance of understanding people’s decisions in 
order to be able to predict or have an influ-
ence on their health maintenance decisions. 
Others use well-validated methods from be-
havioural economics as discounting and de-
mand frameworks (Strickland et al., 2022). 

As the long-term effectiveness of the 
COVID-19 vaccine is not known, the inter-
nationally published short-term results were 
accepted for our research. The necessity of 
vaccination was highly debated in the me-
dia; however, no previous information about 
this subject was shared with the subjects, 
to avoid the anchoring effect.
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Sroka et al. (2020) focused on the pricing 
mechanism while studying people’s buying 
decisions. According to their study, partic-
ipant reactions were affected by discounted 
prices. According to the participants, price 
determination of pharmaceuticals is based 
on their quality. They believed that the 
higher the price, the better the quality of the 
product. Sun (2020) developed an alterna-
tive approach to estimating consumer be-
haviour by considering the WTP model as 
a basis for the creation of a general demand 
function. 

The consumer behaviour of different 
groups is also examined in detail: the elas-
ticity of demand depends significantly, 
and nonlinearly, on the severity of con-
sumers’ poverty (Jensen and Miller, 2008). 
According to Lichtenstein et al. (1988), there 
is a positive relationship between the level 
of acceptability of price and the width of the 
latitude of price acceptance. Thaler (1983) 
studied why individuals are sometimes re-
luctant to buy or sell a particular product at 
a particular price, and why they find maxi-
mising the profit of sellers is at a lower cost 
than the market equilibrium price. Firms 
should be aware of market demand when 
they make decisions about the sustain-
ability of their organisation, as consumer 
behaviour has a huge effect on all three di-
mensions of the financial condition: prof-
itability, liquidity, and financial stability 
(Shpak et al., 2022).

Consumer choices are influenced not 
only by the initial price but also by the 
change in price. The perceived fairness of 
price increases when the compatibility of 
cost and price increases; as such, adjustable 
price rises are considered more acceptable 
than non-adjustable price rises (Bolton and 
Alba, 2006). Goods purchased in advance 
are typically treated as an investment rath-
er than an expense. Based on this, vaccina-
tion could be seen as an investment in one’s 
future health; in this way, it saves the pa-
tients money, effort, and time. However, the 

consumption of goods previously purchased 
and used as intended is often coded as free 
goods (Thaler and Schafir, 2006).

Moreover, price elasticity may also be 
a determinant factor of the demand for 
a product, as it shows how consumption 
changes when the price is modified, as well 
as describing the demand for a commodity 
in numerical terms. When price elasticity 
is high, the change in demand in response 
to a slight change in price is massive (Fibich 
et al., 2005). In an extended experimental 
study performed in the USA between 2008 
and 2014 (Ellis et al., 2017), it was observed 
that the demand for health care and the de-
mand for drugs was highly elastic (-0.44), 
which confirmed the RCT’s RAND Health 
Insurance Experiment’s results for 6000 
individuals (Aviva et al., 2013). On the oth-
er hand, Lázár (2011), among others, stated 
that the price elasticity of demand (PED) 
cannot always be described by a single num-
ber. When the demand curve is linear, the 
elasticity varies along the curve. When the 
demand curve is determined by a formula 
with power projection, the elasticity is fixed. 
The price elasticity of pharmaceuticals is 
important when the market is described by 
cost-sharing, i.e. the state or insurance com-
panies pay for a certain share of the products 
(Chernew et al., 2008). In this research, the 
price of vaccines was fully paid by the state 
because of the seriousness of the pandemic; 
however, as the pandemic winds down, the 
vaccine might be domesticated into a market 
product. 

Another important factor in the demand 
for a good that is worth observing is the price 
of the commodity, which is usually deter-
mined by the producers. The decision about 
the price should be supported by market 
analysis as well as cost analysis, among oth-
er things. Ahmetoglu et al. (2014) reviewed 
six pricing strategies by means of empirical 
research, which included drip pricing, ref-
erence pricing, using the word ‘free’, bait 
pricing, bundling, and time-limited offers. 
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The first three had a significant impact on 
consumer behaviour; the remaining three 
also influenced consumer decisions, but 
a sufficiently thorough examination of this 
phenomenon was not conducted.

Lu and Comanor (1998) found that the 
price of a new, innovative drug is much 
higher than similar drugs in the market. 
This difference could result from the sig-
nificance and the innovativeness of said 
drug, the number of branded or generic 
substitutes available, or the type of illness. 
Consequently, this initial price could fall 
after the introductory period as new substi-
tutes appear.

It was also observed that the final price 
of a product in the pharmaceutical indus-
try includes substantial R&D and market-
ing costs; however, because it is partly or 
completely financed through some form of 
insurance, the processes of the free market 
do not always work (Cabrales and Jiménez-
Martín, 2013). Market conditions can also 
be modified by price control by govern-
ments, rate of return regulations, or ad-
ministrative barriers (Ballance et al., 1992; 
Scherer, 2000). Nevertheless, this does not 
mean that the regulations are economically 
inefficient (Cabrales and Jiménez-Martín, 
2013). On the other hand, however, price set-
tings could limit competition (Danzon and 
Chao, 2000) and obstruct small innovations 
(Ganuza et al., 2009). They could also result 
in drugs reaching fewer markets with longer 
delays (Kyle, 2007).

In addition to the above, the price of 
pharmaceuticals is also determined by the 
number of competitors (Ellison et al., 1997). 
In the case of COVID-19 vaccines, the sup-
ply was limited despite the availability of 
multiple vaccine brands. However, the fact 
that other price determinants were un-
known in this field (Schweitzer and Lu, 2018) 
and repeated purchases were possible only 
if the demand for the first dose was almost 
fulfilled should also be taken into consid-
eration. Moreover, the required number of 

repeated dosages of the vaccine was not clear 
at that point in time. Additionally, the num-
ber of competitors changed as new entrants 
appeared on the market and others disap-
peared because of unforeseen problems and 
unpredictable side effects due to the vaccine.

A demand curve reflects the connection 
between the price and demand of a good. 
It was first published by Alfred Marshall 
in the Principles of Economics and is one 
of the fundamental notions of economics 
(Klein, 1973). This tool could easily describe 
market demand using the ceteris paribus as-
sumption, wherein it is assumed that other 
variables do not change. In this paper, the 
market conditions do not change because 
the empirical research was conducted with-
in a single week, and this period can be 
treated as a stable, static situation. In other 
words, the spread of the COVID-19 virus 
was constant.

This research was implemented in unique 
circumstances as the pandemic has had 
several negative consequences on the econ-
omy as well as society as a whole. Among 
other things, financial difficulties have 
increased, and many people have lost their 
jobs. Shopping habits have changed; people 
now have access to many products online 
(Kitukutha et al., 2021). The pandemic has 
also affected buying behaviour. Most busi-
nesses faced new challenges that forced 
them to take varying measures to sell their 
products (Kažmierska-Jóžwiak et al., 2021). 
The effects of the pandemic were also ob-
served in higher education; for instance, 
the use of digital solutions came to the fore. 
Universities looked for efficient solutions 
that could make education more effective 
(Yamoah and Haque, 2022). Closures and 
online teaching certainly seemed inade-
quate. A vaccine was one of the means of pre-
venting and halting the spread of COVID-19. 
However, confidence in vaccination was not 
the same for everyone. Therefore, it is also 
important to analyse how people felt about 
vaccines (Kozlovskyi et al., 2021).
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Because of the rapid spread of mutations 
of the virus and the high level of conta-
giousness, public funding to corporations 
supported all stages of vaccine development, 
including research, development, testing, 
and manufacturing. Companies kept the 
manufacturing costs for all vaccines hidden, 
similar to what they do with prices, and only 
a few independent studies have thoroughly 
investigated these facts (Light and Lexchin, 
2021). The World Health Organization re-
ports that the COVID-19 vaccine is being 
developed at an unprecedented rate. To meet 
demand and guarantee that each manu-
facturer earns the desired profit, the gov-
ernment may bargain over prices with the 
manufacturers to keep public sector costs as 
low as is feasible. The spread of COVID-19 
was soon countered by the development 
of vaccines (Martonosi et al., 2021). People 
may have had a strong incentive to pur-
chase a vaccine due to this circumstance. 
In this case, the high WTP value offers 
a chance to develop public health strate-
gy. Governments can offer the vaccination 
to low-income groups for free while allow-
ing people with higher incomes to pay for it 
in the private sector (Cerda and Leidy, 2021). 
Despite the significant socioeconomic im-
pact, potential patients would pay the same 
price for a perfect vaccination programme 
against COVID-19 as they would for current 
vaccine programmes (Berghea et al., 2020).

Increased hesitation amongst the gener-
al public was a result of several factors, in-
cluding a negative opinion of vaccine effi-
cacy, safety, affordability, and convenience. 
Increased scepticism about the vaccine in 
many socio-demographic groups was ob-
served, such as women; younger participants; 
people with lower levels of education, poor 
incomes, no insurance or residing in rural ar-
eas; and those identifying as members of ra-
cial or ethnic minorities (Cascini et al., 2021).

There was a significant difference in the 
gender, age, income, occupation, education-
al background, and place of residence of the 

subjects; this could have affected their gen-
eral intention to be vaccinated. Vaccination 
intentions were, however, more often influ-
enced by the vaccination of family members 
and friends. The better people understood 
the pandemic, the stronger their intention 
to get vaccinated (Peng et al., 2022).

Research from all over the world showed 
increased attention being paid to the deter-
minants of vaccine demand. Chinese re-
search showed that COVID-19 vaccination 
subsidies and effective health communica-
tion are required to increase vaccine con-
fidence. The number of people who would 
receive the COVID-19 vaccine without ques-
tion fell by 20% when they were told they had 
to pay for it, compared to it being provided for 
free (Wong et al., 2020). In Brazil, researchers 
found that price setting of vaccines may ben-
efit from the knowledge regarding custom-
ers’ WTP for a hypothetical vaccine against 
SARS-CoV-2 (Dias-Godói et al., 2022). In 
Australia, findings indicated that preferences 
for mild adverse cases, administration meth-
od, administration site, cost, and effective-
ness were diverse (Borriello et al., 2021). In 
Ecuador, a regression analysis of the WTP for 
the vaccine was correlated with income, em-
ployment status, perceived likelihood of re-
quiring hospitalisation in case of COVID-19 
infection, and geographic region of residence 
(Sarasty et al., 2020).

Tsutsui (2021) examines how Japanese 
citizens perceived the severity of and likeli-
hood of contracting the coronavirus illness, 
as well as how these perceptions and attitudes 
towards the risk of infection affected their 
willingness to purchase a fictitious vaccina-
tion. As risk aversion improved during the 
observed period, people’s willingness to pur-
chase the vaccine increased; however, mis-
leading beliefs and fear were identified as fac-
tors that could have possibly moderated their 
WTP levels. Catma and Varol (2021) tried 
to estimate individual willingness to pay for 
the COVID-19 vaccine in the United States. 
People’s WTP values were related to income, 
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the perceived risk of the virus, and whether 
a member of the household was already in-
fected. The effectiveness of the vaccine and 
the duration of protection were also shown 
to be important factors.

Furthermore, parents’ opinions about 
the COVID-19 vaccine, including their 
WTP choices for both themselves and their 
children, were also observed. In this study, 
children were discovered to have a high-
er WTP, and a clear correlation was estab-
lished between the number of children and 
WTP (Catma and Varol, 2021). Carpio et al. 
(2021) asked U.S. respondents about their 
confidence in vaccination and concluded 
that 88% of the population would accept the 
COVID-19 vaccine. It was also concluded 
that payments of approximately US$500 or 
more would be needed to adequately incen-
tivise at least 50% of those who had already 
received some level of vaccination. 

An online randomised trial assessed at-
titudes towards the coronavirus vaccines 
in the United States by examining partici-
pants’ willingness to pay for and/or accept 
the vaccines. The researchers concluded that 
reluctant citizens can usually be persuaded 
to seek vaccination with the help of finan-
cial incentives, and an incentive payment of 
US$1000 can increase vaccine uptake to as 
much as 86.9%. Those who refuse vaccina-
tion generally think the disease is not severe 
enough, do not have a great deal of trust in 
the public health system, and are older (Iyer 
et al., 2022). In Bangladesh in 2019, similar 
research showed high demand for a hypo-
thetical vaccine to cure dengue fever, which 
also causes severe symptoms in infect-
ed individuals (Kabir et al., 2011). Others 
argue that from the public health view-
point, the focus should be on equal access 
to COVID-19 vaccination to ensure a high 
vaccination rate and to offer an efficient and 
ideal financing approach (Wang et al., 2021).

The capability, opportunity, and motiva-
tion-behaviour (COM-B) model was used by 
Liu and Liu (2021) to undertake a theory-based 

text analysis on Twitter to identify the vari-
ables impacting behavioural intentions to-
ward COVID-19 vaccination. 97 tweets re-
flected constructive behavioural intent while 
182 tweets revealed a destructive behavioural 
goal. In terms of any potential negative effects 
of fees on vaccination uptake, particularly 
among individuals who are willing to pay, it 
was found that those who were ready to pay 
could also choose not to give money for the 
vaccine in case the fees were tied to income 
(Sprengholz and Betsch, 2021). Another study 
showed that the manufacturer of the vaccine 
could also influence the level of confidence in 
vaccination (Lin et al., 2020). 

As indicated in the previous section, the 
price of a drug should not be considered the 
only contributing factor to demand, and 
it is equally important to examine whether 
the price of the given drug is comparable 
to the income of the patients (Han et al., 
2021). The necessity of the product is a de-
terminant of its demand. During the period 
under examination, i.e. the autumn of 2021, 
the death rate of COVID-19 patients was 
relatively high in Hungary, with approxi-
mately 50 people dying of COVID-19 every 
day (Miniszterelnöki Kabinetiroda, 2021). 
As it was the leading news item on a dai-
ly basis, concerns about it also increased. 
Consequently, anxiety among people ex-
panded, which could have affected the ratio-
nality of their choices (Holmes et al., 2020).

When exploring the consumption de-
mand for drugs, it is supposed that the ex-
ponential curve should be used as proposed 
by Hursh and Silberberg (2008), who aimed 
to scale the strength on the basis of demand. 
However, the demand function in this ar-
ticle need not be normalised (Hursh and 
Winger, 1995), as the dosage and the effec-
tiveness of vaccination are supposed to be 
equal and fixed. Unlike the research con-
ducted by Newman and Ferrario (2020), this 
paper shows the demand for vaccines from 
real people, and the price of the vaccine is 
expressed in Hungarian forint,
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2. Methodology
This research aims to investigate how in-
dividually measured WTPs can be inter-
preted as a possible demand curve for the 
COVID-19 vaccine market. The data was 
collected through an online survey on the 
Moodle platform. In the first step, a liter-
ature review was carried out to generate 
the research tools to be used in this paper 
and direct the survey questions. Validated 
questions from the literature were adapt-
ed and a pilot version of the questionnaire 
was checked by language experts (as some 
questions were translated from English) and 
economists. 

Our survey, based on Sasaki et al.’s (2022) 
preliminary results, focused on measuring 
the participants’ WTP in order to explore 
the market of the vaccine. Various tech-
niques to measure consumers’ WTPs have 
been detailed in research by Miller et al. 
(2011) and McDougall et al. (2020); from 
these techniques we used a simple direct 
method, as detailed below. 

Sasaki et al. (2022) defined WTP as the 
midpoint of the amounts around the switch-
ing point (a switching point means each 
border of a measurement class), which lies 
in the middle of each measurement class. 
By contrast, we used a simple direct mea-
surement instrument known as contingent 
valuation. This method is easy to use and 
rooted in simplicity, wherein consumers are 
directly asked about their WTP for a certain 
product or service. The strength of this ap-
proach is its effectiveness in terms of time 
and cost, while its weaknesses are based on 
the hypothetical nature of the technique. 
In this study, based on the direct method 
of contingent valuation, the subjects were 
simply asked about their WTP for the ongo-
ing COVID-19 vaccine dose (“what do you 
want to pay for your next vaccination?”). 
This means that our primary outcome was 
the participants’ WTP for the next available 
dose. The WTP for the next real vaccination 
depending on the number of doses was in-
vestigated (Figure 1). 

Figure 1. Screenshot from the survey

 

Source: own elaboration
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There are not just various ‘types’ of valid-
ities, but also different procedures to assess 
them as well. In our case, the results were 
measured on a ratio scale expressed in 
Hungarian currency. Therefore, the crite-
rion validity was checked across the two 
(not detailed in this paper) parts of the sur-
vey (which also shows internal consistency) 
because it is the extent to which scores on 
a measure correlate with other variables or 
criteria. 

The criteria of validity was another WTP 
for a possible hypothetical pill. In this study, 
however, we concentrated only on the pos-
sible market for the available vaccine, while 
Kolnhofer-Derecskei and Csongrádi (2022) 
investigated WTP for a hypothetical pill of-
fered using different wording (detailed in: 
Kolnhofer-Derecskei and Csongrádi, 2022). 
Test-retest correlation between the two sets 
of scores was calculated using Pearson cor-
relation. Results from the test showed an 
extremely strong significant correlation 
(N = 268, r = 1.00, p < 0.0001) between the 
scores, which proved the validity and reli-
ability of the measurement tool.

The questionnaire was completed by 
students from the Faculty of Finance and 
Accounting at Budapest Business School in 
the autumn semester of the 2021/2022 ac-
ademic year. The participants were select-
ed randomly and participated in the study 
anonymously and voluntarily. 

At the time of the study, according to the 
Hungarian National Bank, the official ex-
change rate was approximately 360 HUF = 1 
EUR (MNB, 2021a), and inflation was 6.5% 
(MNB, 221b). All ethical and GDPR proto-
cols were properly followed. The average 
age of the participants was 19.71 years (the 
range was 17 years). A total of 214 men and 
131 women participated in the study. No sig-
nificant differences were observed between 
the responses of the two genders. 

In this article, we only investigated ques-
tions that covered the individually priced 
vaccines. Other parts of the survey were 

widely studied and presented by Kolnhofer-
Derecskei and Csongrádi (2022) and 
Kolnhofer-Derecskei et al. (2022). The data 
were evaluated using MS Excel software, and 
the calculations were checked using SPSS. 

3. Research results
Several pricing methods exist for calcu-
lating the prices of products; from among 
these, we explored the demand-based pric-
ing method, along with the customer-driv-
en method. Our prior research concluded 
that several factors influenced subjects’ 
WTP; we also found that the use of differ-
ent kinds of wording to present the same 
product could have an impact on people’s 
WTP (Kolnhofer-Derecskei and Csongrádi, 
2022). Other marketing tools may also have 
a severe effect on pricing including buyers’ 
reactions and reference price information. 
Because the vaccines are in the early stage of 
the product life cycle, various brands cannot 
be compared effectively. Moreover, because 
these vaccines are offered for free, psycho-
logical effects such as the anchoring effect 
can be eliminated. We measured our results 
using the direct method of contingent val-
uation; therefore, the results reflect the real 
price evaluations of our target group. 

We studied the participants’ expressed 
WTPs for all three doses of a vaccine (re-
gardless of the brand). We asked for par-
ticipants’ WTP for each dose (i.e., the first, 
second, and third), but in some cases, the 
first and second measurements only served 
validation purposes. 16 participants only 
answered for the first dose, based on which 
it was assumed that they were not vaccinat-
ed at all. Nine participants answered only for 
the second dose, which gave the impression 
that, at the time, they had only received their 
first dose. A total of 104 subjects (28.45%) 
expressed a WTP of 0 HUF for any doses, 
which showed that they could not be consid-
ered potential and reasonable paying buyers 
of the vaccine; this does not, of course, mean 
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that they would not accept vaccination for 
free. Finally, seven meaningless or missing 
answers were observed in the responses 
and sorted out from the total. Around two-
thirds of the sample would pay for the vac-
cine or accept it for a certain fee. The next 
question was what price would be optimal.

Regarding the respondents who an-
swered all questions (although the instruc-
tions directly referred to the missing or next 
available vaccine), 30 participants followed 
a descending pricing strategy, while three 
participants had an ascending pricing strat-
egy. In addition, 24 participants followed 
a level-headed and balanced pricing strategy. 
This observation may be thought-provok-
ing if we look at the mean price of each dose, 
which was 5697.90 HUF (standard deviation 
of 11,190.62 HUF) for the first dose, 4666.42 
HUF (standard deviation of 6466.58 HUF) 
for the second, and 10,580.00 HUF (stan-
dard deviation of 35,845.90 HUF) for the 
third. Although three options were pre-
sented (at that time, the fourth dose was not 
available, and the booster was available only 
for vulnerable, high-risk people), in this pa-
per, we observe only the merged market and 
do so using deeper regression analysis. 

This paper aims to investigate the possi-
ble market for the COVID-19 vaccine, where 
each consumer wishes to purchase the next 
required dose (regardless of how many vac-
cinations they have received), thereby cre-
ating an effective demand for the vaccine. 
Consequently, a merged demand curve must 

be defined, whereby every possible valid 
WTP counts. In every case where double or 
triple WTPs were listed, the last WTP was 
selected independent of the former value(s).

In the end, 227 responses were anal-
ysed as detailed below. The prices given 
(i.e. the WTP values) ranged from 50 HUF 
to 9,999,999,999 HUF. The greatest number 
reasoned with the importance of vaccines 
by the respondent. The mean is 44,067,639.4 
HUF. The median and mode are equal at 
5000 HUF, and the standard deviation is 
663,722,327.66967 HUF. Due to the am-
biguous result, the dataset was cleaned. 
First, the highest value had to be sorted out. 
Second, extreme outlier values were filtered 
out when the value was greater than Q3–1.5 
(Q3–Q1), where Q1 is the lower quartile with 
a value of 3000 and Q3 is the upper quartile 
with a value of 10,000 HUF. Based on this, 
values above 31,000 HUF were filtered out 
(15 cases). Although vaccines are available 
free of charge, we focused only on the possi-
ble hypothetical market for the vaccines; as 
such, vaccine prices under 1000 HUF were 
filtered out (16 cases) as well. This resulted 
in a total of 195 valuable responses.

From the individual WTPs, cumulative 
demanded quantities can be calculated 
(Vassilopoulos et al., 2020). Due to the eco-
nomic basement, we know that the two vari-
ables, the market price (y axis) and quanti-
ty demanded (x axis), are strongly related 
to each other; thus, regression analysis can 
be conducted. 



Forum Scient iae Oeconomia • Volume 10 (2022) • No. 4186

Figure 2. Fitted demand curves to the WTPs and cumulative demand

 
Source: own elaboration

Several regression models were created as 
presented in Figure 2 where the x axis indi-
cates Q (quantity) and the y axis refers to P 
(price). However, the study focuses only on 
two economically relevant (i.e. accepted in 
the mainstream economy) models (Hursh 
and Silberberg, 2008): (1) the linear func-
tion and (2) the nonlinear power function, 

where the latter can be adjusted into linear 
equations. Following the regression proce-
dures, two regression lines were drawn, and 
graphical representations were determined. 
Comparing the two relevant options, the 
following lines can be fitted to the expressed 
demands (Figure 3).
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Figure 3. Fitted linear and nonlinear demand curves to the WTPs  
and cumulative demand

 
Source: own elaboration

Comparing these two alternatives, Table 1 
provides a detailed statistical description.

Table 1. Elaboration of the two selected demand curves

Function beta 0 
(constant 
intercept)

beta 1 
(slope)

R R square adjusted R 
square

F Sig.

Linear 22194.333 -121.903 0.934 0.872 0.865 122.613
Sig. 0.000

Power 162739.268 -0.778 0.886 0.785 0.774 65.886
Sig. 0.000

Source: own elaboration

The nonlinear or power demand curve 
is also known as the constant elasticity de-
mand function, wherein if the dependent 
variable q is the quantity demanded, and 
p is the price (independent variable), they 
are related by log(q) = 162739.268 – 0.778 
log(p). This means that the price elasticity 
of demand is -0.778. A 1% increase in price 
leads to an approximate fall of 0.778 in the 

quantity demanded. Consequently, several 
optimum prices can be defined. However, 
the constant parameter of this func-
tion is problematic and cannot be clearly 
interpreted. 

The linear function model seemingly fits 
better (as proven by a higher R square value) 
than the power function, so we continued 
our evaluation with the former. 
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The final regression equation can be 
set up as follows: Q ̂ = 22194.333-121.903 × P, 
where Q ̂ is the estimated demand for  the 
vaccine and P is the market price. The con-
stant y-intercept coefficient (22,194.333) is 
the estimated expected value of the depen-
dent variable when the independent vari-
able is equal to zero. Here, it can be zero, but 
since we limited the market price to 31,000 
HUF, this value is less. The slope is approx-
imately -122, which suggests that each addi-
tional decrement of 122 HUF in the vaccine 
price would result in an additional vaccine 
request. 

Regarding the reliability of the model, 
the sample coefficient of determination in-
dicates that approximately 87% of the total 
variation in the demand is explained by, or 
due to, the market price, while 13% remains 

unexplained. Both parameters show signif-
icant test statistics. This is sufficient evi-
dence to infer that a linear relationship ex-
ists between price and demand.

Based on Lázár (2009, 2010, 2011), var-
ious demand curves were fitted to the ex-
pressed WTPs and price elasticities were 
calculated. Knowing the price elasticity 
coefficient allows us to assess the so-called 
optimum price along with maximising the 
revenue. According to Lázár (2011), we can 
earn the optimum price from the maximum 
point of the total revenue function, where 
the price elasticity equals -1. 

Therefore, the optimum price level was 
calculated. Taking the inverse of the demand 
curve with relative frequencies, the follow-
ing function can be obtained (Figure 4) and 
defined as follows: Y ̂ = 172.610-0.007 × X 

Figure 4. The inverse curve with relative cumulative frequencies

 

Source: own elaboration

As Lázár (2011) argued, the optimum 
market price can be estimated based on the 

adjusted model. The optimum market price 
can be expressed with the following formula: 
beta 0
2 × beta 1

pOPT  =  –  

where pOPT symbolises the optimum 
price and the betas are parameters of the 

regression model (beta 0 is the intercept and 
beta 1 is the slope). 
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In our case, the optimum market price is 
beta 0
2 × beta 1

pOPT  =  – =  – = 12329.2857 HUF172.610
2 × (-0.007)

,

and consequently, the optimum price level is 
12,329.2857 HUF per dose. 

Based on our findings, we can conclude 
that the optimum price level for the next 
vaccine dose, tailored to the targeted sub-
population, was around 12,500 HUF at the 
time of research. Those who state a higher 
value will be likely to express a higher WTP. 
A higher WTP indicated better acceptabili-
ty or greater willingness to receive the next 
vaccination in the context of the circum-
stances surrounding the COVID-19 pan-
demic (Cardella et al., 2021). However, the 
subjects hereby indicate their willingness 
to pay without directly purchasing or pay-
ing that price for the product, nor do they 
receive the product at that or any other price.

Based on another preliminary study con-
ducted by the Budapest Business School, we 
realised that students were vaccinated at 
a high rate. We asked our sample about their 
vaccination acceptancy as follows: “On a scale 
from 0 to 10, where 0 means not at all and 10 
means completely, how many of your close 
friends and relatives are vaccinated?” The 
result of this question was promising, with 
a mean of 8.2144 and a standard deviation of 
1.6828. Thus, the targeted subpopulation may 
be a solvent demand for the vaccine.

4. Discussion
In this study, consumer pricing decisions 
are analysed at a micro-level, where individ-
ual WTPs are aggregated into the demand 
function (Huang et al., 2013). Regardless of 
other marketing functions, we focused only 

on the pricing of the next available dose. 
Several exponential demand functions were 
formulated to describe the proportion of 
participants pricing the vaccine for various 
promotional scenarios. Our research re-
vealed a linear regression.

Based on our results, the received elastici-
ty level of the COVID-19 vaccines was high-
er in absolute value than what Ellis (2017) 
found in the case of pharmaceuticals. This, 
however, could also be the result of a specif-
ic feature of the examined population. Since 
price discrimination differentiates between 
consumers based on their sensitivity to price 
(Borenstein, 1985), students are supposed 
to have a higher price elasticity than society. 
Alternatively, the fact that this kind of vac-
cination was available for free may also ex-
plain the high result. 

Chinese research which revealed a rel-
atively high willingness to receive the vac-
cine was observed when the most reasonable 
price range for the COVID-19 vaccine was 
US$75–149 (Zhang et al., 2021). According 
to UNICEF (2021), the reported prices per 
dose of COVID-19 vaccine are between 
US$19.90 and US$36, with an average mean 
of US$27.95 in Hungary. Our calculated 
optimum price, which amounted to 12,330 
HUF (approximately US$33.69 at that time), 
therefore fits the supply, although it is well 
below the optimal Chinese price range. 
When we go into the details of the prices of 
real vaccines used in Hungary, the following 
prices were realised (Table 2):

Table 2. The real price of various COVID-19 vaccines

Vaccine Pfizer/BIONTECH Moderna J&J AstraZeneca Sputnik V Sinopharm*

price/dose $19.5 $25-$37 $10 $3-$4 $10 $36

Source: Biospace and New York Times



Forum Scient iae Oeconomia • Volume 10 (2022) • No. 4190

It should be stated that there was sig-
nificant variability in the real prices of the 
vaccines because different governments 
received these doses at different prices. 
Moreover, the prices changed over time 
(Terry, 2021). The data in Table 2 can help 
to gain an overall picture of the supply in 
the market. The price of a dose starts at 
around $3, which is affordable for most cit-
izens. Only the price of the Chinese vaccine 
(Sinopharm) was higher than the optimal 
price calculated in our research, so the mar-
ket would not be narrowed down in the face 
of real prices. It should be noted that these 
are wholesale prices, as these vaccines were 
not sold directly to consumers. As such, no 
intermediaries were required; therefore, the 
pricing margins have not been considered. 

In this model, the vaccines are not distin-
guished and neither their effectiveness nor 
their side effects are shown; moreover, only 
one type of injection (as we labelled it in the 
questionnaire: the next dose) was possible. 

In the book Predictably Irrational, Ariely 
(2010) described an experiment in which 
a new painkiller called Veladone-R (which 
contains only Vitamin C) was priced differ-
ently. In the first case, the dose was priced 
at US$2.50, while in the second case, it was 
priced at only US$0.10. Surprisingly, the par-
ticipants experienced a better effect when the 
price was higher. At $2.50, almost all subjects 
reported pain relief from the pill, as opposed 
to only half of the sample when the price was 
lowered to 10 cents. Earlier, Shiv et al. (2005) 
tested the so-called placebo effect using ener-
gy drinks and demonstrated how pricing can 
impact the actual efficacy of products. Berns 
(2005) later questioned their findings and 
underlined that these decisions happened un-
consciously. He found that the influence was 
strongest when participants’ expectation was 
nonconscious; therefore, the human mind 
should answer differently as suggested. 

Plassmann and Weber (2015) took a nov-
el, automated structural brain imaging (in-
terdisciplinary consumer neuroscience) ap-

proach to determine individual differences 
and combine this approach with traditional 
behavioural experiments. They argued that 
some consumers are more responsive to mar-
keting placebo effects than others. The ques-
tion is whether the same process can be ob-
served in the case of vaccines. 

In sum, we think that well-targeted spe-
cific communication and conscious pric-
ing can successfully promote a vaccination 
campaign during the current pandemic. 
Vaccination is a medical procedure which 
has—in ideal circumstances—well-defined 
risks and where the medical decisions made 
by individuals could be influenced by many 
other factors. In this decision, one rather 
important detail might be the price of the 
vaccines.

It is always challenging to attempt to col-
lect the best sample that perfectly represents 
the target population. In addition, several 
concerns exist when using student sam-
ples in a laboratory or during experimen-
tal research (Druckman and Kam, 2009). 
We treated the sample as the potential new 
generation of vaccine buyers, who are at an 
age (young adulthood) when they can make 
financial decisions on their own, who have 
already understood the value of money, and 
bear the necessary information about the 
entire situation of the COVID-19 pandemic. 

Additionally, to urgently control the 
rapidly spreading virus, governments have 
called on the public to actively participate in 
vaccination drives and offered (or, in some 
places, forced) free vaccinations. The real 
value of free items is often considered dubi-
ous. Shampanier et al. (2007) investigated 
the behavioural economical influence of 
zero pricing and demonstrated its unique 
properties, although the observed products 
in their experiments were relatively cheap 
and unimportant (such as chocolate bon-
bons). In the case of vaccines, their relevance 
and the consequences of the pandemic can-
not be compared to sweets. When individu-
als have the option of choosing from several 
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available products, they tend to choose the 
option with the highest cost-benefit dif-
ference. However, choices in terms of free 
products may be different because people 
perceive that free products have higher ben-
efits (Shampanier et al., 2007). 

Conclusions
The research showed what consumers’ will-
ingness to pay for a given product looked 
like under a very specific market condition. 
It also showed that the well-known cor-
relation between price and quantity exists 
in a hypothetical market as well. Among 
different types of demand curves, the lin-
ear curve was able to show a theoretical 
maximal price in the given market and an 
optimal price which was higher than the 
prices used by most pharmaceutical com-
panies for the given commodity. The power 
type demand function, on the other hand, 
showed a constant value for elasticity, which 
describes a high and negative correlation 
between price of the vaccine and the quan-
tity demanded. These results can illustrate 
to our students how a real market, and espe-
cially this market, operates. Moreover, econ-
omists and market experts could gain useful 
insight into demand for the COVID-19 vac-
cine among young people. 

The results show that while the govern-
ment forced people to get vaccinated and 
offered the dosages for free, rational young 
adults assessed the threat of the disease, 
and may have been willing to pay for the 
same treatment to protect their health and 
that of their relatives. Moreover, consider-
ing Ariely’s (2010) results, a non-zero price 
could have increased the effectiveness of the 
vaccines.

Due to our homogenous sample, only 
gender differences were investigated; how-
ever, the investigation did not reveal any 
significant deviations. Whether there are 
any differentiations between heterogeneous 
samples in terms of socio-economic factors 

could be an interesting aspect to be analysed. 
Another problem with a simple single sam-
ple (i.e. one where the participants are usu-
ally college students) is that the validation 
can limit the generalisability of the find-
ings. Therefore, future researchers may wish 
to conduct cross-validation studies.

The authors deem it worth mentioning 
that the pharmaceutical market is highly 
concentrated on both the supply and de-
mand sides, which can modify the results. 
The value of the WTP may also change due 
to differences between countries, as seen 
from the fact that, in Hungary, the medicine 
turnover is quite large in comparison to the 
population. This difference can be the basis 
for further research and practical imple-
mentation on real markets. 
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