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Abstract
We consider the situation in which a buying organization deals with a discrete quantity discount schedule offered by a selling
organization. Furthermore, the buying organization can negotiate with the selling organization about the lot size and purchase
price, but does not know the underlying function that was used by the selling organization to determine the quantity discount
schedule. In this paper, we provide an analytical and empirical basis for one general quantity discount function (QDF) that
can be used to describe the underlying function of almost all different quantity discount types. We ﬁrst develop such a QDF
analytically. Among other things, this QDF enables buying organizations to calculate detailed prices for a large number of
quantities. We subsequently show that the QDF ﬁts very well with 66 discount schedules found in practice. We discuss that
the QDF and related indicators can be a useful tool in supplier selection and negotiation processes. It can also be used for
competitive analyses, multiple sourcing decisions, and allocating savings for purchasing groups. Additionally, the QDF can be
included in research models incorporating quantity discounts. We conclude the paper with an outlook on further QDF research
regarding the characterization of commodity markets from a demand elasticity point of view.
䉷 2007 Elsevier Ltd. All rights reserved.
Keywords: Bidding; Decision support systems; Forecasting; Heuristics; Operations management

1. Introduction
Quantity discount schedules have been used widely
for many centuries [1]. These days, quantity discount
schedules come in all shapes and sizes. A typical example of a discount schedule is shown in Table 1 [2].This
discrete schedule provides the price per item for a
limited number of quantities and prices. It does not
夡
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provide the assumed function which the supplier used
to calculate the price per item. Therefore, it is difﬁcult
for a buying organization to calculate negotiable prices
for the many possible quantities for which no speciﬁc
prices are provided by the supplier. For instance, if a
buying organization needs a quantity of 9500 items,
then the question often is what price—in between 40.9
and 45.4—the buying organization can start negotiating with. Another question is whether the buying organization should start negotiations with supplier A (see
Table 1) or supplier B (see Table 2) for a quantity of
9500 items.
As a result of this information deﬁciency, it is difﬁcult for buying organizations to compare quotes of
different suppliers and to determine negotiating spaces.
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Table 1
Example of a discount schedule of supplier A [2]
Quantity

Price per item

1000–4999
5000–9999
10,000–29,999
30,000–49,999
50,000–199,999
200,000 and more

50.0
45.4
40.9
38.1
37.1
33.5
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discount [5]. An incremental form means that only
the items within a price break interval receive that
interval’s discount [5].
• Time aggregation may be individual or multiple. This
describes whether the discount applies to individual
or multiple purchases over a certain time period [3].
• And ﬁnally, discounts may apply to one or multiple
items [3].
The economic rationales of quantity discounts are
mainly three-fold:

Table 2
Example of a discount schedule of ﬁctional supplier B
Quantity

Price per item

500–999
1000–1999
2000–3999
4000–7999
8000–15,999
16,000 and more

51.0
49.0
47.0
45.0
43.0
41.0

In this paper, one of our aims is to tackle this information deﬁciency problem. We do this by deriving the
quantity discount function (QDF) that the supplier used
to calculate the price per item. With this QDF, a buying
organization can calculate prices for all possible quantities. But more importantly, the QDF derived can be used
as a basic ingredient in research models incorporating
quantity discounts. Before we discuss more applications
and the academic and practical relevance of the QDF
in more detail (Sections 1.2 and 1.3), we shortly introduce some important insights into quantity discounts in
Section 1.1.
1.1. Relevant knowledge base on quantity discounts
First of all, calculating prices for all possible quantities is only a useful practice if the purchase price is
negotiable. According to Munson and Rosenblatt [3],
this is true for most situations. They argue in their
study that purchase prices and lot sizes are mostly determined through negotiations. Munson and Rosenblatt
also note that quantity discount schedules may have different characteristics:
• The number of price breaks in a discount schedule
may be one, two, multiple or inﬁnite [2,4].
• The form may be all-items or incremental. An allitems form means that all items receive the same

• Achieving perfect price discrimination against a single customer or a set of homogenous customers or
achieving partial price discrimination against heterogeneous customers [6].
• Inﬂuencing the buying organization’s ordering pattern to coordinate the supply chain [7] or to increase
the logistics system efﬁciency in a distribution channel [8].
• And often, buying organizations are simply expecting a certain quantity discount for purchasing large
amounts [9].
The body of knowledge on different types of quantity
discounts is large, both from the seller’s perspective and
from the buyer’s perspective. From the seller’s perspective, a great deal has been written about when suppliers
should offer quantity discounts, and if so, what type of
quantity discount schedule they should offer to maximize proﬁts (e.g., [10]). From the buyer’s perspective,
a great deal has been written about the application of
quantity discounts in economic order quantity (EOQ)
models (e.g., [11]) and inventory ownership problems
(e.g., [12]).
Nearly all the previous research on quantity discounts
is focused on creating quantity discount schedules or applying discount schedules in new or existing models. We
use a different perspective. Given a quantity discount
schedule, we are interested in deriving the supplier’s
original function that was used to create the schedule.
Up to now, very little is known on deriving a QDF from
a quantity discount schedule.
A given discount schedule (see Table 1 for an example) provides an indication of potential price discounts. For instance, Table 1 provides an indication of
potential price discounts for ﬁve price breakpoints. For
buying organizations, this in itself is useful information for supplier comparison and negotiations. A QDF,
however, can provide more information. In the next sections, we discuss the academic and practical relevance
of a QDF.
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1.2. Academic relevance
In this section, we discuss the academic relevance of
the paper. First, a QDF is an important ingredient in
many research models incorporating quantity discounts.
It can be implemented in EOQ models (e.g., [13,14]),
inventory ownership problems (e.g., [15,16]), and cooperative purchasing-games (e.g., [17,18]). Surprisingly,
very little is available to provide a sound analytical and
empirical base for a QDF. In this paper, we aim at ﬁlling that void.
Second, it seems that there is a large research gap
between price elasticity and demand elasticity. Price
elasticity of demand is a concept that is used throughout
economics. The concept is based on people doing less
of what they want to do as the price of doing it rises
[19]. Almost all textbooks discussing the principles of
economics or marketing include this topic. In addition,
several academic papers describe the price elasticity of
different commodities (e.g., [20,21]). Demand elasticity of price is rarely discussed in the literature [22].
Demand elasticity posits that the price of a product
or service may drop as the demand for it rises. These
price drops can be explained by increased economies
of scale and/or decreased transaction costs. A QDF
is a measure for the demand elasticity of different
commodities.

Third, calculating purchase prices for all possible
quantities is also useful in multiple sourcing decisions
(e.g., [23,24]). In multiple sourcing decisions, one needs
to decide how to allocate a certain quantity between different suppliers. For all possible quantities of the feasible allocations, the quantity discounts need to be calculated and weighed up against other important factors,
such as spreading risks.
Fourth, a QDF should not be used to convince suppliers that some sort of curve represents its cost function. But as we demonstrate in this paper, a QDF can
be used to calculate theoretical minimum prices. If the
theoretical minimum price for a certain supplier is relatively low, then this may indicate a large negotiating
space. Thus, a QDF can provide additional information
about the prices of a supplier. This additional information about purchase prices is useful for buying organizations, as the purchase price is often an important
criterion for purchasing decisions [25].
Finally, the accuracy of the estimation of price savings due to the pooling of demand can be improved by
a QDF as well. For instance, typical problems of group
purchasing are related to the calculation and allocation
of prices and price savings [26]. It is difﬁcult to calculate these savings, because it is often unknown what
the group members would have paid individually if they
were not involved in the purchasing group. A QDF can
be used to solve such problems.

1.3. Practical relevance
1.4. Research objectives
Apart from the academic relevance of a QDF, we
claim a QDF has some direct practical relevance as
well. First, a QDF provides an indication of potential
price discounts on a detailed level. For instance, for
Table 1, it provides indications of potential price discounts for every quantity between 1000 and 200,000.
A potential price per item for a quantity of 3000 could
be 45.7. A potential price per item for a quantity of
125,000 could be 34.6. Thus, a QDF can be used for
calculating theoretical discounts for all possible quantities. As discussed earlier, this reduces information
deﬁciencies for buying organizations and enables buying organizations to compare supplier quotes of different suppliers and determine theoretical negotiating
spaces.
Second, retrieving information about quantity discounts may also be a useful step in a competitive analysis. One of the steps in a competitive analysis is to
compare and analyze products and services from competitors. A QDF enables organizations to easily compare and analyze different quantity discount schedules
from competitors.

In this paper, we focus on the buyer’s perspective on
quantity discounts and we assume that prices and lot
sizes are negotiable in most situations. Our analytical
objective is to describe a general QDF deﬁned by a limited number of parameters. It should be uncomplicated
and practical to derive these parameters from different
types of quantity discount schedules (see Section 2).
Our empirical objective is to test how well the QDF
represents different types of quantity discount schedules found in practice. In addition, we develop and test
related hypotheses (see Sections 3 and 4). Our conceptual objective is to develop several practical QDF indicators (see Section 5 for some examples). Based on the
QDF indicators, we aim to build a basis for more research to demand elasticity of price. This research line
could explore QDF parameters and indicator values of
typical products and services. These values could serve
as guidelines in purchasing processes (see Section 5 for
some examples). As mentioned in Section 1.2, a similar line of research already exists in the price elasticity
literature.
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2. Modeling quantity discounts
In this section, we focus on our ﬁrst objective. We
ﬁrst provide the rationale for using a continuous QDF
(Section 2.1). Next, we develop a general QDF (Section 2.2 to Section 2.4). Finally, we discuss some issues
related to minimum prices (Section 2.5).
2.1. Rationale for a continuous function
From an operations management perspective, quantity discount schedules are developed by a supplier to
maximize proﬁts. To maximize proﬁts, suppliers commonly adopt discrete stepwise quantity discount schedules. According to Wang [27], a continuous quantity
discount schedule could reduce the supplier’s discount
beneﬁts.
With a continuous discount schedule, a buying organization obtains more price information, which it
can use in negotiations and supplier comparison. In
other words, a continuous schedule suits better with
the wishes and needs of a buying organization. As
such, deriving a continuous quantity discount function
based on a discrete quantity discount schedule could
be an interesting operation for a buying organization.
To achieve our ﬁrst objective, we therefore choose to
develop a continuous QDF (see Fig. 1 for an example
of a continuous and a discrete schedule).
As we show in Section 4, a continuous QDF is capable of ﬁtting all discount schedule types mentioned in
Section 1.1. Still, it may be a subject for debate whether
it is possible to ﬁt discrete stepwise discount schedules
with a continuous function. For instance, in a stepwise
schedule, a price of 400 could apply to 50–99 items
and a price of 390 could apply to 100–199 items. A
simple continuous function cannot ﬁt such a stepwise
schedule well. However, as most prices are determined
through negotiations, such a stepwise schedule usually
does not exist in practice (based on [3]). For instance,

purchasing price per item

maximum price pm + S
original discrete stepwise
discount schedule
price spread S
QDF with steepness = 0.9
minimum price pm
0
1

quantity

Fig. 1. Example of a quantity discount schedule with a positive
steepness.
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if a buying organization needs 95 items, then it could
order 100 items or it could negotiate a lower price than
400.
In supplier selection and during negotiations, a QDF
can help a buying organization by reducing the information deﬁciency regarding the purchase price of 95
items. First, a QDF enables the buying organization to
compare different schedules of different suppliers for
95 items. Next, the buying organization can start negotiations with the most competitive supplier. Finally,
during negotiations, the buying organization has more
information regarding the purchase price due to a QDF.
This reduced price information deﬁciency is valuable
to buying organizations [28], as it could lead to lower
purchase prices and/or better quality.
An additional disadvantage of stepwise discount
schedule functions is that stepwise functions could
lead to an anomaly [29,30]. This anomaly concerns the
possibility that it can save money by purchasing more
items than needed and throwing the surplus away to
obtain a certain quantity discount.
For all the reasons above, we use a continuous price
function instead of a discrete stepwise function. We do
note that lot sizes are sometimes ﬁxed and nonnegotiable. This may be the case when logistical aspects,
such as truck capacities, are a limiting condition. In
this paper, such discount schedules are not our focus
of interest.
We also acknowledge that Munson and Rosenblatt
[3] showed some buyers and/or sellers in their study a
simple linear schedule. Many of their respondents opposed continuous schedules. Indicated reasons for this
are the administrative challenges that such schedules
would create. Using the QDF involves some extra operations. Throughout the paper, we argue that these are
well worth the effort.
2.2. Deﬁning a QDF
Quantity discount schedules are speciﬁc to the item
sold and hence, the cost structure of the supplier and
the competition from other suppliers. As the competition and cost structures may differ a lot over items, one
could argue that a general QDF that can be applied to
different items cannot exist. However, even if the discount schedule foundations themselves are quite different, the shape of the schedules might be similar. This
would imply that only some parameters vary between
quantity discount schedules.
We use a continuous function described by Heijboer
[17] to build a QDF with a limited number of parameters. The function Heijboer used can be rewritten

Author's personal copy

F. Schotanus et al. / Omega 37 (2009) 510 – 521

purchasing price per item
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The scaling parameter S represents the price spread of
a function with a positive steepness. For instance, if the
steepness of a function is positive and the price spread is
100, then the difference between the price per item for
purchasing 1 item (maximum price) and the price per
item for purchasing an inﬁnite number of items (minimum price) is 100. Thus, p(1) − p(∞) = pm + S/1 −
(pm + S/∞ ) = S. For a QDF with a positive steepness
( > 0), it implies S > 0.

maximum price pm + S

original discrete stepwise
discount schedule

QDF with steepness = -1

0
1

quantity

Fig. 2. Example of a quantity discount schedule with a negative
steepness.

2.4. A QDF with a negative steepness

√
as p(q) = pm + S/ q. Here pm is the theoretical
minimum price and S scales the function p(q) for quantity q. We build on this function for two reasons. First,
it is assumed that a strictly decreasing discount is given
with more items being purchased. Second, it is assumed that the total price is increasing with the number of items being purchased. These assumptions hold
for most practical situations [2,17]. Still, the function
described by Heijboer has one main disadvantage. The
function does not ﬁt well with discount schedules with
a high incremental curve or an almost linear-like curve.
For instance, the function is not well suited to ﬁt discount schedules as shown in Figs. 1 and 2. Therefore,
we weaken the ﬁrst assumption and introduce an extra
parameter . We allow that a non-decreasing discount
is given with more items being purchased within a limited range of the discount schedule (see Fig. 2 for an
example). The introduced parameter  represents the
steepness of a quantity discount function:

Fig. 2 shows an example of a quantity discount schedule with a negative steepness. If a QDF has a negative steepness , then p(q) < 0 implies S < 0. Note that
while pm represents a theoretical p(∞) for a QDF with
a positive steepness, it represents a theoretical p(0) for
a QDF with a negative steepness. Again, the maximum
price (for q = 1) is p(1) = pm + S/1 = pm + S. For a
QDF with a negative steepness, it implies 0 >  − 1
and S < 0. Note that  < 1 would lead to an increasingly
decreasing price.
Discount schedules with   − 1 are still somewhat
peculiar, because extrapolating such functions eventually leads to negative purchase prices. Nevertheless,
discount schedules with a negative steepness occur in
practice for limited ranges as we show in Section 3.2.
For instance, we argue that a supplier may use a linear schedule ( = −1) for a limited range because of
marketing reasons or because of the simplicity of such
schedules.

QDF(q) = ﬁxed amount ± variable amount
= p(q) = pm + S/q  , q 1.

2.5. Deﬁning the range for a QDF with a negative
steepness

(1)

The total purchase cost function is then deﬁned as
TC(q) = q · pm + S/q −1 ,

q 1.

(2)

We introduce the steepness parameter  to be able
to ﬁnd a better ﬁt with different types of quantity discount schedules as mentioned in Section 1.1. The other
parameters in the function are pm and S. Overall, the
following restriction applies: pm > 0. The QDF can be
scaled and shaped into two categories: positive steepness and negative steepness. In the next two sections,
we discuss both categories in more detail.
2.3. A QDF with a positive steepness
Fig. 1 shows an example of a quantity discount schedule with a positive steepness. If a QDF has a positive
steepness , then the parameter pm represents the theoretical minimum price of the function (for q = ∞).

A theoretical minimum price for a negative steepness
QDF does not follow directly from the QDF, as pm does
not represent the minimum price for negative steepness
functions. Still, we can calculate the point where the
purchase price becomes zero (see also Fig. 3).
QDF(q) = pm + S/q  = 0, thus
q ∗ = (−S/pm )1/ .

(3)

The point q ∗∗ after which the total purchase costs
q ·p(q) decrease can be calculated by differentiating Eq.
(2). This gives TC(q) =−·S/q  +S/q  +pm =0 (see
also Fig. 3). This can be rewritten as TC(q) = (1 − ) ·
S/q  + pm = 0 and as TC(q) = q  + (1 − ) · S/pm = 0.
This ﬁnally gives
q ∗∗ = ((−1 + ) · S/pm )1/ .
Note that q ∗∗ = (1 − )1/ · q ∗ q ∗ .

(4)
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quantity range given by
the supplier
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extrapolated quantity
range

total purchase costs

50.000

schedule with a positive steepness:
= 1, S = 500, pm = 500

schedule with a negative steepness:
= -1, S = -5, pm = 500

0
1

**
quantity q = 50

q* = 100

Fig. 3. Total purchase cost analysis examples.

Eq. (4) marks the point until which extrapolation is
theoretically possible. We use this equation to calculate
a purely theoretical minimum price for a QDF with a
negative steepness p(q ∗∗ ) = pm + S/((−1 + ) · S/pm ).
This can be rewritten as p(q ∗∗ ) = pm + S · pm /((−1 +
) · S) and as p(q ∗∗ ) = pm + pm /(−1 + ). This ﬁnally
gives
p(q ∗∗ ) = ( · pm )/(−1 + ).

(5)

Now, we have the basic elements to develop indicators for supplier selection and negotiation processes in
Section 5. But before we do that, we ﬁrst test the QDF
empirically in Sections 3 and 4.
3. Method
In this section, we discuss the methodology which
we used to achieve the second objective. First, we describe the data collection and the data set itself. Next, we
discuss the procedures used to test how well the QDF
represents different quantity discount schedule types.
3.1. Collection of the data set
We tested the ﬁt of the QDF to quantity discount
schedules found in academic papers [2,31], actual offers provided to purchasing groups, and internet stores.
We found the internet price schedules by search engine
searches on the keyword “quantity discounts”. None
of the products analyzed had exceptional discounts for
marketing or logistical reasons. Some product groups

occurred more often in our selection than others. But
as the properties of discount schedules within product
groups can differ signiﬁcantly, we did not correct for
product groups.
All the different discount schedule types mentioned
in Section 1 were incorporated in our analysis. After
we found all different types mentioned in Section 1, we
stopped collecting and analyzing new discount schedules, leaving a total number of 66 quantity discount
schedules. We converted all these discount schedules to
the same form as shown in Tables 1 and 2. The data
collection was carried out at the end of 2004.
3.2. Description of the data set
The basic properties of the data set are shown in
Table 3 . The ﬁrst two columns of the table show properties regarding the number of price breaks. The table
shows that there is quite some variety in the number of
price breaks. The last two columns of the table show
properties regarding the difference between the maximum and minimum price in the discount schedules. The
difference in terms of percentage is formulated as the
difference between the maximum and minimum price
divided by the maximum price. Both the mean difference and maximum difference are high. Thus, quantity
discounts can have a major impact on the total purchase
costs.
The steepness of the discount schedules ranges from
−1.00 to 1.60. The schedules with a positive steepness
(40% of the total number of observations) have a mean
steepness of 0.58. Schedules with a negative steepness
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Table 3
Number of price breaks and differences between maximum and minimum prices
Number of price breaksa,b

Value

Difference between the maximum and
minimum price given by the supplier

Value

Mean number
Median number
Minimum number
Maximum number
Standard deviation
Skewness of distribution

4.0
4
2
10
1.7
1.2

Mean difference
Median difference
Minimum difference
Maximum difference
Standard deviation
Skewness of distribution

31.3%
N/A
1.8%
90.1%
21.6%
0.8

Note: n = 66; total number of prices =327.
a Here the break measures are corrected by removing two schedules with an inﬁnite number of breaks.
b We did not take schedules into account with only one price break.

Table 4
Example of a quantity discount analysis (see also Fig. 4)
Quantity given by
the supplier

Quantity used
for the QDF

Price per item given
by the supplier [2]

Estimated price per
item given the QDF

Difference
in percenta

1000–4999
5000–9999
10,000–29,999
30,000–49,999
50,000–199,999
200,000 and more

1000
5000
10,000
30,000
50,000
200,000

50.0
45.4
40.9
38.1
37.1
33.5

50.0
43.9
41.6
38.3
36.9
33.5

0.0
−0.2
0.3
−0.5
−0.2
0.0

a The

R 2 of the estimation is 0.991, the adjusted R 2 is 0.986, and the root mean squared error is 0.718.

(60% of the observations) have a mean steepness of
−0.50. We found ﬁve linear schedules (8%) with a
steepness of exactly minus one and one schedule (2%)
with a steepness of exactly one.
3.3. Procedure
We analyzed the discount schedules under the following assumption. We assume that a purchase price
for a certain range applies to the lowest quantity in this
range. For instance, if a price of 400 applies to 50–99
items and a price of 300 applies to 100–199 items, then
we assume that a price of 400 applies to 50 items and a
price of 300 applies to 100 items. As mentioned before,
the supplier does not quote prices for 51–99 items, but
we assume that a lower price than 400 can be obtained
through negotiations.
We estimated the three parameters of the QDF with
an exact algorithm and several nonlinear least squares
algorithms, which are commonly used in curve ﬁtting. We tested the performance of the Gauss–Newton
[32], Levenberg–Marquardt [33–35] or trusted region
algorithm [36–39] in combination with no method,

the bisquare [40] or the least absolute residuals robust
ﬁtting method [41].
We found very small differences in the accuracy of
the algorithms. All algorithms performed very well.
As an exact method exceeds an acceptable calculation
time, we chose to use the popular Levenberg–Marquardt
curve ﬁtting algorithm in combination with the least absolute residuals method. Without going into detail, we
found that this combination most frequently gives the
best ﬁt of the QDF with the actual schedules.
The Levenberg–Marquardt algorithm found a theoretical minimum price somewhat smaller than zero (for an
inﬁnite quantity) in ﬁve exceptional schedules. Here we
applied the trusted region algorithm with lower bounds
for the theoretical minimum price. See Table 4 and
Fig. 4 for an example of how we estimated the QDF
parameters of an actual quantity discount schedule with
ﬁve price breaks [2].
In Table 4, the R 2 used in the quality measurement
is calculated based on the breakpoints of the discount
schedule. Here we note that the measurement of the
quality of approximation is not rigorous for discount
schedules with only one breakpoint. For instance, this
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60

purchasing price per item

maximum price
original discrete stepwise
discount schedul e
QDF with steepness = 0.113
price spread = 36.63

minimum price = 13.37
0
1,000

200,000
quantity
Fig. 4. Example of a quantity discount analysis (see also Table 4).

Table 5
Fit of the QDF with the data set
Measure

Restricted QDF

Less restricted QDF

Average R 2
Average adjusted R 2
Average root mean squared error

0.944
0.908
1.602

0.995
0.988
0.642

Minimum R 2
Minimum adjusted R 2
Maximum root mean squared error

0.701
0,403
25.550

0.961
0.913
4.628

Note: n = 65.

is the case if a price of 400 applies to 1–99 items and
a price of 390 applies to 100 items and more. If we
only look at the breakpoints, then using a steepness
of, for instance, minus one will lead to a perfect ﬁt.
However, a large error might exist everywhere except at
the breakpoint. This is a modeling problem that cannot
be resolved by using better ﬁtting algorithms. For this
reason, we only consider discount schedules with two
or more breakpoints.
4. Results
In this section, we aim to achieve the second objective. We test how well the general QDF represents
66 discount schedules. Hence, we test the following
hypothesis:
H1 . The general QDF ﬁts well with all different
types of quantity discount schedules as mentioned in
Section 1.1.

Table 5 shows the ﬁt of the QDF with the data set.
The second column shows the ﬁt of a ‘restricted’ QDF
in which negative steepness is not allowed. The third
column shows the ﬁt of a ‘less restricted’ QDF in
which both positive and negative steepness are allowed.
In other words, for the second column, we ﬁtted the
data under the additional restrictions  > 0 and consequently S > 0 (in addition to the general restrictions).
For the third column, we ﬁtted the data without these
additional restrictions.
The table shows that the less restricted QDF ﬁts
very well with different types of discount schedules
as mentioned in Section 1.1. The minimum R 2 , the
average R 2 , and the adjusted R 2 are very high. The adjusted R 2 is not signiﬁcantly lower than the R 2 , which
normally means that no explanatory variable(s) are
missing. Only three schedules analyzed had relatively
large differences between the R 2 and the adjusted R 2 .
These relatively large differences were caused by out-
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lying points. For the restricted QDF, the minimum R 2
and the minimum adjusted R 2 are relatively low. These
minima are observed while ﬁtting an almost linear
quantity discount schedule. A restricted QDF (with a
positive steepness) does not ﬁt very well with such a
schedule.
On ﬁrst sight, H1 seems to be supported by the data
set. However, we have some marginal notes. For one
discrete stepwise schedule, we found a QDF with a q ∗∗
smaller than the maximum quantity given by the supplier. This would mean that the total purchase costs decrease after a certain point within the quantity range
given by the supplier. So, the QDF is not a reliable
approximate for this schedule. We explain this issue
as follows. The discrete stepwise schedule had a clear
twist after a certain point. After this point, the stepwise
schedule changed form. In other words, the supplier apparently used two different quantity discount functions:
one function for the ﬁrst part of the schedule and another
function for the other part of the schedule. Although we
did ﬁnd a high R 2 for the schedule, we removed this
exceptional schedule from the analysis.
We also have some notes concerning the extrapolated quantity range (see Fig. 3 for an example of an
extrapolated range). While not using lower bounds for
the theoretical minimum price, we found ﬁve positive
steepness schedules in which the theoretical minimum
price was somewhat smaller than zero. Calculating all
possible quantities within the quantity range given by
the supplier is possible for such schedules. However,
extrapolating prices for much higher quantities should
not be done.
Note that the remarkably high values of R 2 can partly
be explained because there were several discount schedules with only two price breaks (i.e., three data points).
Nevertheless, for three or more price breaks, we found
a very good ﬁt as well. Indeed, the minimum R 2 is
very high for the less restricted QDF (see Table 5). Our
explanation for the goodness of ﬁt is that most of the
discount schedules seem to have a fairly simple underlying basis. In other words, the goodness of ﬁt can be
explained by the fact that most quantity discount schedules show a similar decreasing behavior. In addition, the
discount schedules usually have no outliers, but follow
a more or less logical line.
As discussed in Section 2, discount schedules with
a negative steepness are somewhat peculiar. To explain
negative steepness, one could argue that there is a relationship between steepness and the difference between
the minimum and maximum price of discount schedules provided by the supplier. It could be that negative
steepness only exists in discount schedules with a small

range regarding the minimum and maximum price. This
is because if the range would be larger, then eventually
negative prices would occur. So, for large ranges concerning the minimum and maximum price, a positive
steepness would normally be found. Thus, we hypothesize:
H2 Quantity discount schedules with a positive steepness have a higher difference between minimum and
maximum prices given by the supplier than schedules
with a negative steepness.
With an independent samples t-test, we tested the
correlation between the difference between minimum
and maximum prices and negative or positive steepness. We assumed the variances of both groups being unequal (Levene’s test p = 0.002) and found a
signiﬁcant correlation (t = −2.173, df = 37.060, p =
0.036, 2-tailed), supporting H2 . Price schedules with
a positive steepness have a signiﬁcantly higher difference between minimum and maximum prices (mean
difference is 38.0%) than schedules with a negative
steepness (mean difference is 25.8%). Therefore, we
assume that discount schedules with a negative steepness only provide prices for relatively small quantities. So, discount schedules with a negative steepness
should not be used for extrapolating and calculating
prices for much larger quantities than given by the
supplier.
5. Discussion
In this section, we discuss several implications of
the QDF. By doing so, we aim to achieve the ﬁnal objective. Here our main assumption is that if the QDF
ﬁts very well with a quantity discount schedule, then
related indicators provide useful insights in the schedule. We describe several QDF indicators and parameters
in Table 6. As shown in the ﬁnal column of the table,
the indicators and parameters have several applications
(see Sections 1.2 and 1.3 for more discussions of the
academic and practical relevance of the QDF and its
indicators and parameters).
Regardless of the simple form of quantity discount
schedules, there are many differences between QDF
parameters and indicators for different supplier offers.
A further extension of the possible use of the QDF
is related to group purchasing. The concept of group
purchasing becomes more interesting if items have a
large difference between maximum (4(a)) and minimum prices (4(b)). Group purchasing could have a
large impact on the purchase prices of these items. Of
course, before purchasing such items in a group, factors such as mutual trust, similar purchasing needs, and
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Table 6
Descriptions and applications of QDF indicators and parameters
QDF indicator/
parameter description

Measure

Estimated
QDF value

Value given
by supplier A [2]a

QDF application

1. Price for a all possible quantities

p(q) = pm + S/q 
(e.g., q = 4000)

44.72

50.00

Calculate prices for decisions related to comparing suppliers and
indicating negotiating spaces
Calculate and allocate price savings for all possible quantities in
multiple sourcing and purchasing
group decisions

1460
748
0.113

N/A
N/A
N/A

2. For instance, a purchasing group
needs to calculate price savings. The
group has two members. Member A
needs 200 items. Member B needs
800 items. They pay a price of 50.00
per item to one supplier for 1000
items:
• Savings of member A: 200 · (p(200) − 50.00)
• Savings of member B: 800 · (p(800) − 50.00)

3. Steepness of the QDF
4(a). Maximum price given the minimum order quantity qmin

pmax = p(qmin ) (e.g.,
q = 1000)

50.00

50.00

4(b). Minimum price

=
p
min
pm = p(∞),  > 0
<0
p(q ∗∗ ),
(pmax − pmin )/pmax

13.37

33.50

73%

33%

11%

0%

5(a). Maximum quantity discount
percent

5(b). Minimum quantity discount
percent for a certain quantity

(pmax − p(q))/pmax
(e.g., q = 4000)

Characterization of quantity discounts
Compare suppliers and indicate
negotiating spaces; in this example (q = 1000), there is a theoretical negotiable discount range for
the price per item between 13.37
and 50.00

Compare suppliers and indicate
negotiating spaces; in this example (q = 4000), there is a theoretical negotiable discount range
between 11% and 73% for 4000
items

a The values given by supplier A are also shown in Table 1. The original discount schedule in Table 1 does not provide information as
shown here in this table.

commitment have to be taken into account as well [42].
Still, knowing which items have large differences between maximum and minimum prices could be useful
for purchasing groups.
Another possible application is related to supplier
selection and negotiation processes. In some markets,
suppliers could have similar methods to create discount
schedules. In these markets, most of the schedules of
different suppliers are alike, that is, pm , , and S are
alike. Other markets could show a different behavior.
Here suppliers differentiate by offering schedules different from their competitors. In markets with a large
price spread between suppliers, it has been shown that
it is interesting for buying organizations to consider a
large number of suppliers in the selection process [43].
There might be more negotiating space as well in such
markets. For these reasons, it would be interesting for

buying organizations to know which markets have a
large price spread between suppliers.
6. Limitations
Due to the general character of this paper, there are
some assumptions and limitations regarding the interpretation of our empirical results. Our main preference
is to use a continuous QDF instead of a discrete stepwise QDF. Further case study research among suppliers
and buying organizations could be carried out to empirically test this preference.
Although the QDF ﬁts very well with almost all quantity discount schedule types that we found, analytical
limitations concern the fact that we only applied a limited number of ﬁtting algorithms. We did this as the focus of this paper is not on ﬁnding the best algorithm to
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ﬁt discount schedules. In further research, even better
ﬁtting results could be obtained by using other estimation methods, such as semi-parametric or nonparametric methods. Another limitation concerns the fact that
we only considered one QDF type. Other types could
be formulated as exponential functions (e.g., p(q) =
pm + S · exp(− · q)), functions with more parameters
or spline functions.
7. Conclusions
Previous research on quantity discounts has focused
on creating discount schedules and on applying discount schedules in new or existing models. We propose a different perspective. We consider the situation in which a buying organization has to deal with a
negotiable discrete quantity discount schedule, but does
not know the underlying function that was used by the
selling organization to determine the schedule. In this
paper, we provide an analytical and empirical basis for
one continuous quantity discount function (QDF) that
can be used to describe this underlying function. The
QDF consists of only three parameters, which can be
derived easily from almost all kinds of different types
of quantity discounts as mentioned in Section 1.1.
In the paper, we show that the QDF ﬁts very well
with almost all quantity discount schedule types that
we found. The QDF information can be used in supplier selection and negotiation processes. Speciﬁc QDF
applications range from calculating and allocating
savings for purchasing groups to justifying multiple
sourcing decisions. In addition, the QDF can be used
in research models incorporating quantity discounts.
To summarize, we argue that the QDF reduces the
price information deﬁciency for organizations regarding quantity discount schedules provided by suppliers.
This reduced information deﬁciency could lead to
lower purchase prices and/or better quality for buying
organizations.
Still, using the QDF involves some extra operations.
Throughout the paper, we argue that these are well worth
the effort. For instance, according to Wang [27], a continuous discount schedule could reduce the supplier’s
discount beneﬁts. In addition, extra information about
purchase prices is useful for buying organizations, as
prices are often the main basis for purchasing decisions
[25]. Finally, our data set shows that quantity discounts
can have a major impact on the total purchase costs. We
found a maximum discount percent of 90.1 and a mean
discount percent of 31.3.
The discount schedule behavior of suppliers may
differ per market and may also develop during time,

following the product life cycle. Further research to
QDF indicators and parameters could characterize
commodity markets and provide several applications.
For instance, for some commodity markets, it could
be worthwhile for buying organizations to purchase in
groups or to consider a large number of suppliers in
selection processes. To be able to utilize such QDF
applications, a promising market research line to demand elasticity of price could be set up, following the
research line to price elasticity of demand.
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