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A Low-Effort Recommendation System
with High Accuracy

A New Approach with Ranked Pareto-Fronts

In a simulation study, we demonstrate that recommendation systems using a choice-based
conjoint analysis with hierarchical Bayes estimation require up to three times higher mental
effort for the consumer than simple sorting mechanisms. However, consumers benefit from
a choice-based conjoint analysis in terms of a significantly higher utility of the selected
product. We further introduce the concept of a ranked Pareto-front which allows consumers
to select a product with a better utility than they will select when using a choice-based
conjoint analysis for the same low costs that using a simple sorting mechanism require.
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1 Introduction

Online consumers today burrow through
vast amounts of product information
to find the best match to their prefer-
ences. This has boosted the popularity
of recommendation systems promising
to decrease consumers’ search costs. Re-
cent work has focused on collaborative-
filtering recommendation systems and
content-based recommendation  sys-
tems (Adomavicius and Tuzhilin 2005).
Such recommendation systems are, how-
ever, subject to several major problems
that often reduce the quality of the
recommendation (Ansari et al. 2000,

pp. 364-365). One of the most impor-
tant problems of both systems is the
start-up problem: a buying profile con-
sisting of several products is required
for various consumers before a recom-
mendation is possible. Collaborative-
filtering systems also have a start-up
problem when a product is new be-
cause no buying history for this prod-
uct exists. Consequently, these systems
can produce particularly inaccurate
recommendations due to the missing
data.

Utility-based recommendation systems
aim to reduce the start-up problem by
requiring the consumers to actively in-
put their preferences into the system and
elicit current and complete consumer
preference profiles to compile a list of rec-
ommendations (Cao and Li 2007, p. 232;
De Bruyn et al. 2008, p. 445; Huang
2011, p. 398; Scholz and Dorner 2012,
p. 2; Xiao and Benbasat 2007, p. 139;
Ansari et al. 2000, p. 365). Thus, nei-
ther historical data on the consumer nor
the purchasing history of a product is
needed. Recent utility-based recommen-
dation systems have achieved a high level
of accuracy by using sophisticated pref-
erence measurement approaches from
marketing research that hedge individu-
ally elicited preferences with preferences
from other consumers. Thus, in contrast
to collaborative-filtering and content-
based recommendation systems, there is
no start-up problem with new consumers
and a reduced start-up problem with new
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product categories! when applying such
sophisticated measurement approaches.
Ansari et al. (2000, p. 365), for example,
proposed a utility-based recommenda-
tion system that uses a choice-based con-
joint analysis with a hierarchical Bayes
estimation (Moore et al. 1998, p. 204).
However, the high accuracy of utility-
based recommendation systems is at the
expense of higher consumer effort for
inputting preferences.

Systems that require high consumer
effort are usually not well adopted by
consumers. This is reflected by the
high diffusion of the low-effort content-
based and collaborative-filtering rec-
ommendation systems in comparison
to utility-based recommendation sys-
tems. Prominent collaborative-filtering
and content-based examples can be
found on Amazon.com, Last.fm or movie
databases such as www.jinni.com or
www.tastekid.com.

We introduce a new approach — ranked
Pareto-fronts (RPF) — which requires
low consumer effort, achieves high accu-
racy and does not suffer from the start-
up problem. As the first step, it elim-
inates inferior alternatives by calculat-
ing the Pareto-front and, as the second
step, it ranks the Pareto-efficient alterna-
tives. Based on a cost model, we show
in a simulation study that our new ap-
proach outperforms choice-based con-
joint recommendation systems because it
achieves the same accuracy with lower ef-
fort by consumers. In fact, it requires the
same low effort as simple systems which,
for example, only allow sorting products
according to price.

This work does not only introduce a
new methodology that is interesting for
researchers, but is also highly relevant
for e-shops. Indeed, we provide advice
about the most suitable recommenda-
tion system for a certain type of con-
sumer and our new easy-to-implement
approach can help improve recommen-
dation systems for a wide range of con-
sumer types.

In the next section, we briefly intro-
duce utility-based systems as systems that
overcome several problems of common
recommendation systems. We present the
RPF as a substitute for utility-based rec-
ommendation systems with low con-
sumer effort in Sect. 3. The utility and
cost model used in our simulation study

to measure effort and accuracy of the sys-
tem is explained in Sect. 4. We present the
design of our simulation together with a
verification and validation in Sect. 5, and
the results are discussed in Sect. 6. Finally
the paper concludes with implications for
practitioners and researchers, as well as
limitations.

2 Recommendation Systems

2.1 Collaborative-Filtering and
Content-Based Systems

Collaborative-filtering ~ assumes con-
sumers with a similar buying history have
similar preferences. Thus, if consumer
s is similar to consumer r, then prod-
ucts s has bought are recommendable
for r (Adomavicius and Tuzhilin 2005,
p. 737). Content-based recommendation
systems, in contrast, use historical data of
the same consumer to form recommen-
dations (Adomavicius and Tuzhilin 2005,
p. 735). These systems suffer from sev-
eral major problems (Ansari et al. 2000,
p. 365). First and foremost, they involve
the start-up problem described in Sect. 1.
Second, the buying profiles often include
products that do not reflect the con-
sumers’ preferences, since these products
have been, for example, bought as gifts.
Third, the buying profile only consists
of historical buying decisions and hence
might not reflect a consumer’s current
preferences. And finally, collaborative-
filtering systems do not provide any in-
formation as to why a particular product
is recommendable.

2.2 Utility-Based Systems

Utility-based recommendation systems
elicit current and complete consumer
preference profiles to compile a list of
recommendations (Huang 2011, p. 398).
They estimate utility functions through
explicit interaction with the consumer
and are thus in contrast to content-
based recommendation systems that like
utility-based systems also use the prod-
uct attributes to compile recommenda-
tions (Burke 2002, p. 334) which allow
more sophisticated analyses, such as the
computation of consumers’ willingness-
to-pay (Scholz and Dorner 2012). Utility-
based recommendation systems are al-

most always based on the multiple at-
tribute utility theory.? As the first step,
utility-based recommendation systems
estimate a consumer-specific utility func-
tion for each attribute that describes the
product, such as price or brand. Based
on these functions the system generates
an ordered list of recommendable prod-
ucts as the second step. As the third step,
the consumers walk through the list of
products to find their preferred product.

Other, simpler utility-based recom-
mendation systems only allow consumers
to specify their most preferred attribute,
i.e. they allow sorting products according
to their most important attribute (Im-
portance Sorting). Consequently, they as-
sume that (i) the utility of a product is
mainly determined by only one attribute
and (ii) all consumers have the same pref-
erence order for this attribute (for in-
stance, the lower the price, the better
the utility). As price is often assumed to
be the most important attribute, several
recommendation systems only concede
consumers to sort in a descending order
by price (Price Sorting). More sophisti-
cated systems that estimate a complete
multi-attribute utility function are based
on methods such as choice-based con-
joint analysis (CBC). CBC requests their
consumers to choose the preferred prod-
uct among a small set of products in a
number of choice tasks (Fritz et al. 2011,
p- 272). This approach is easy for con-
sumers because the choice tasks in a CBC
resemble actual choices (Moore 2004,
p- 300). However, methods such as CBC
that are traditionally used to estimate
utility functions for market segments are
impractical for the application in recom-
mendation systems because of the high
consumer effort (De Bruyn et al. 2008,
p- 446). Ansari et al. (2000, pp. 365-375)
thus propose using hierarchical Bayes es-
timation as the core of utility-based rec-
ommendation systems. De Bruyn et al.
(2008) seize this suggestion and develop
a recommendation system that recom-
mends products based on utility func-
tions estimated by a CBC with hierar-
chical Bayes estimation. Consumers an-
swer simple questions to reveal their pref-
erences. These answers are then used to
estimate utility functions. Although con-
sumers only need to answer two simple
questions to get recommendations, the
provider of such a system has to conduct

ISuch approaches, however, require data from other consumers in the same product category (roughly 100 other ratings in the same product

category are sufficient).

2For an introduction into multiple attribute utility theory see Wallenius et al. (2008).
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Table 1 Example of

. Product  Photo resolution Zoom factor Price Dominated by ~ Overall
dominated products i
utility (Up)
A upy 1L6 MP) =0.6  ur (11.5%) =0.3  up, (10EUR) =02 B,D 1.1
B upp (13.8 MP) = 0.8 uy (15.0x) =0.4  up, (470 EUR) =0.4 None 1.6
C upp (10.5MP) =0.5 sy (18.5x) =0.5 up, (540 EUR) =0.3 None 1.3
D uph (127 MP) = 0.7 1y (15.0x) =0.4  up, (470EUR) =0.4 B 1.5
E upy (9.4 MP) = 0.4 Uy (11.5x) =0.3  up, (260 EUR) =0.7 None 1.4

a CBC for each product category that is
offered to the consumers.

2.3 Pareto-Front Approach

CBC is more accurate than Importance
Sorting (see Sect. 2.2) in providing rec-
ommendations that fit the consumer’s
preferences but also costs the consumer
much more effort. We aim to provide an
approach with high quality recommen-
dations without requiring the consumer
to input preference information. This ap-
proach shows the consumer only non-
dominated products. A product domi-
nates another product if all attributes are
at least as good and, for at least one at-
tribute, it is strictly better. Assume for ex-
ample the following set of digital cameras
which are described by utility values for
photo resolution (), zoom factor (u)
and price (up,) (see Table 1).

Although product D has the second
highest overall utility value, as well as the
second best photo resolution, zoom fac-
tor, and price and might, therefore, be
recommendable, it is dominated by prod-
uct B and will not be considered by any
rationally thinking consumer. A product
that is not dominated by any other prod-
uct is called Pareto-efficient. The set of
all Pareto-efficient products finally forms
the Pareto-front (in the example, prod-
ucts B, C and E are Pareto-efficient). Nar-
rowing the set of available products to
the Pareto-front offers two advantages.
First, the number of products in the rec-
ommendation list can be decreased with-
out any consumer input. And second, it
increases the objective decision quality
(Aksoy etal. 2011 p. 113; Hdubl and Trifts
2000, p. 8; Payne et al. 1993, p. 34).

Recommendation systems that use the
concept of Pareto-fronts rely on less con-
sumer input, because instead of eliciting
utility functions, only the preference or-
der over each attribute must be known
(the same assumption that we formulated
for Importance Sorting). For determin-
ing the Pareto-front in the example, we
do not need to know the utility values but

we can compare the product attributes
directly with another: Product D is dom-
inated by B because 12.7 MP < 13.8 MP
and the price and the zoom factor are
the same. For most attributes the prefer-
ence order for the different attributes is
homogeneous among consumers. For ex-
ample, we can assume that all consumers
would prefer digital cameras with lower
prices and higher zoom factors, given ev-
erything else is equal. Yet, some attributes
will have a heterogeneous preference or-
der like color or design. For these ones,
the consumers need to reveal the pref-
erence order, by indicating which colors,
designs, etc. they prefer over others. In
summary, for determining which prod-
uct dominates other products, we only
need to judge whether a product attribute
and not to what extent it is better than
another one. Thus, an ordinal preference
order for each attribute is sufficient and,
in contrast to sophisticated utility-based
systems like CBC, we do not need to
know utility values.

3 A New Approach: The Ranked
Pareto-Front

Products that are Pareto-efficient are
handled as equivalent when using the

Pareto-front concept. However, some
Pareto-efficient products have a higher
probability to be the designated best
product, because they are dominant over
other Pareto-efficient products in several
attributes. Consider, for example, prod-
ucts B and E from Table 1. B dominates
E in two attributes (photo resolution and
zoom factor) and is dominated in only
one attribute (price) by E.

In our new approach, we suggest com-
puting a rank for all Pareto-efficient
products that is based on the number
of dominant attributes compared to all
other Pareto-efficient products. We com-
pare a particular product p; with all other
products on the Pareto-front and incre-
ment the rank of p; by one for each at-
tribute i if its attribute level (x;p1) is bet-
ter than that of p,. Figure 1 demonstrates
the entire algorithm.

Since products B, C and E are Pareto-
efficient, our proposed algorithm runs
on these products only. Product B dom-
inates both products C and E in two
attributes each, because it has a better
photo resolution than C and E (13.8
mega pixel is better than 10.5 mega pixel
is better than 9.4 mega pixel), a better
zoom factor than E (15x is better than
11.5%), and a better price than C (470
Euro is better than 540 Euro). It therefore

Algorithm Ranked Pareto-front

for a = 1 — Length(paretoE f ficient Products) do

pl < paretoE f ficient Products(a]

for b = a+ 1 — Length(paretoE f ficient Products) do

p2 < pareloE f ficient Products[b]

for i = 1 — Length(attributes) do

Iipl «— pl[i]
Tip2 — p2[z]

if (isPositive(i) and z;, > xip) or (isNegative(i) and i < Tip2)

then
ranks(a] < ranks[a) + 1

else if (isPositive(i) and ;1 < Zip2) or (isNegative(i) and z;1 >

Zip2) then
ranks(b] < ranks[b] + 1
end if
end for
end for
end for

Fig. 1
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Pseudo-code of the ranked Pareto-front algorithm
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gets a rank of 4. Product C dominates B
in one and E in two attributes resulting
in a rank of 3. Finally, product E domi-
nates both B and C in one attribute each
and is, with a rank of 2, the worst Pareto-
efficient product. In this example prod-
uct B is most likely to be the best prod-
uct (having the highest rank) and will be
recommended first.

In our example, all three Pareto-
efficient products have a different rank.
When applying the RPF approach to a
larger set of products, some products
might have the same rank. We suggest
sorting products with paired ranks in
random order because they should be
equally likely to be chosen.

Let us analyze different types of
decision-making strategies to verify that
RPF is a promising recommendation sys-
tem approach and has a higher probabil-
ity to be chosen by consumers.

As B dominates E in two attributes, but
E dominates B in only one attribute, B
has a higher probability to be the best
product when using a lexicographic de-
cision strategy. The first step of a lexi-
cographic strategy is to build an impor-
tance ranking for all attributes. There-
after the consumers select the product
that best fulfills the most important at-
tribute. Assuming that each attribute is
equally likely to be ranked as the most
important one by a consumer, in our
example B has a chance of 66.67 % to
be preferred to E when using a lexico-
graphic strategy because two out of three
attributes are better than E.

We have a similar argument for con-
sumers that eliminate products with in-
appropriate attribute levels. B has a
higher chance than product E of not be-
ing eliminated due to higher levels in two
out of three attributes.

Consumers who additively accumulate
weighted attribute utilities and thus use a
utility-maximizing strategy will also ben-
efit from an RPF since the lower attribute
utility of price for product B can be com-
pensated by a higher attribute utility for
two attributes (resolution and zoom fac-
tor), whereas E has a higher attribute
utility for only one attribute. We there-
fore assume more accurate results for
different decision strategies when using
the RPF concept instead of the simple
Pareto-front concept which does not sort
alternatives according to their rank.

In summary, we claim that a product
with a higher rank is more likely to be
purchased. than_a product with a lower
rank, because products with a higher

rank (i) have a higher chance to provide
the best level of the most important at-
tribute, (ii) have a higher probability to
fulfill consumer-specific aspiration lev-
els (i.e. minimal and maximal acceptable
attribute levels), and (iii) have a higher
probability to offer a high utility value
that is accumulated based on attribute
utility values. It has to be noted that the
RPF is a multi-criteria decision approach
and does not compute a utility value for
each product, but only a probability of
being the best product.

We introduce a utility and cost model
for measuring the accuracy and effort
of the discussed recommendation sys-
tems in the next section. These models
have shown evidence in several recent
investigations.

4 A Utility and Cost Model
4.1 Utility Model

The utility U, of a product p is usually
the sum of weighted single-attribute util-
ity functions u;(x;) (Butler et al. 2008,
p. 751; Montgomery et al. 2004, p. 193)

Upy= Z witti (Xip) s (1)

i=1

where m is the number of attributes, w; is
the weighting of attribute 1, > 7| wi =1,
reflecting how important the attribute is
for the consumer, and x;, is the attribute
level that describes attribute i of product
p and u;(x;p) is the attribute level utility.

Following other works, we express the
single-attribute utility function as an
exponential function with diminishing
or increasing but monotonous utilities
(Butler et al. 2001, p. 805; van Ittersum
and Pennings 2012, p. 95)

ui(xip) = aj — b, 2)
where a;, b; and ¢; are scaling constants.
4.2 Cost Model

As explained in Sect. 2, the interac-
tion with a utility-based recommenda-
tion system typically comprises three
steps ((1) estimation of utility functions,
(2) generation of a recommendation list
and (3) consumers’ choice from the rec-
ommendation list). Consequently, from
the consumer’s viewpoint, the costs for

the complete choice process, Cic.> con-
sist of the costs C,,f for measuring pref-
erences as the first step, the costs Cypir
for waiting for the system to respond
as the second step, and the costs Cgjpcr
for selecting an alternative from the rec-
ommendation set as the third step. The
costs Cyair will not be modeled. Be-
cause of low expected run times, this
term should be negligibly low and will
hardly be perceived as waiting time by the
consumer.

In summary, Cgyice consists of men-
tal costs for measuring preferences (e.g.,
conducting a conjoint analysis) and of
mental costs for evaluating the set of rec-
ommended products and making a final
decision:

Cehoice = Cpref + Coelect- (3)

Cprer will differ with respect to which
preference measurement method is used
and Cge; depends on the quality of the
recommendation list. The better the or-
der of products in the list, the earlier
the consumer will be satisfied with a
highly recommended product and stop
the selection process. Furthermore, both
cost blocks depend on the consumer’s
individual decision behavior.

For determining the individual’s men-
tal costs, we follow the effort-accuracy
framework by Johnson and Payne (1985,
p- 399). This framework is based on the
theory that decision makers trade-off be-
tween effort and accuracy when choosing
which decision strategy to best apply in
the given decision environment. Johnson
and Payne propose the following list of
elementary information processes (EIPs)
for determining the effort for applying a
strategy. Each EIP describes a mental step
that a decision maker might apply: ADD,
COMPARE, DIFFERENCE, ELIMINATE,
MOVE, PRODUCT and READ. Table 2
describes the different steps.

Cpref and Cjy can be determined by
summing up the EIPs which each con-
sumer needs to provide during the pref-
erence measurement and for selecting al-
ternatives. Estimates exist for weighting
the effort of EIPs in order to reflect that
some EIP are more effortful than oth-
ers (Bettman et al. 1990, p. 131; Johnson
and Payne 1985, p. 406; Lohse and John-
son 1996, p. 31). We take the estimates
by Johnson and Payne (1985) because
Bettman et al. (1990) report problems
with increased values caused by effortful
consumer’s mouse movements. The esti-
mate for READ is from Lohse and John-
son (1996) because they use a more so-
phisticated method (eye-tracking) than

Business & Information Systems Engineering
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Table 2 Elementary Information Processes

EIP Effort Description

ADD 0.9 Add two values

COMPARE 0.3 Two pieces of information are compared

DIFFERENCE n.a. The difference of two values is calculated

ELIMINATE 0.3 Remove an alternative or an attribute from consideration
MOVE 0.23 Go to another piece of information

PRODUCT 1.2 An attribute level utility is multiplied with an attribute weight
READ 0.23 One piece of information is read into the short term memory

Algorithm WADD

for p=1tondo

{Compute the attribute level utilities for each attribute.}

for i =1 tom do
READ attr;
READ z;,
if i == 1 then

PRODUCT U, = w; * u;(;p)

else

PRODUCT prod = w; * u;(xip)

ADD Up+ = prod
end if
end for

}mn
¥n

¥ (m-1)n

{Keep the alternative with the higher utility.}

if p > 1 then

ELIMINATE alt,, with lower U

end if
end for

3 n-1

Fig. 2 EIP cost model for consumers using a weighted additive decision strategy

Johnson and Payne to estimate the effort
for READ. The effort for DIFFERENCE
is not used in this paper, because none of
our strategies use DIFFERENCE.

In order to account for individual
differences of human-decision behav-
ior, about fifteen decision-strategies have
been identified so far in literature (Pfeif-
fer 2012, p. 20; Svenson 1979, p. 89). One
example is the normative weighted ad-
ditive rule (WADD). It assumes that a
decision maker computes the utility of
each product, U, and chooses the prod-
uct with the highest utility. For deter-
mining Cgp; of a consumer that ad-
ditively accumulates weighted attribute
utilities, we suggest to use pseudo-code
notation to note the sequence of EIPs
that is needed as is shown in Fig. 2. For
each of the n alternatives and the m at-
tributes, two READs are needed for read-
ing in the attribute and the attribute level.
Computing the weighted additive util-
ity function costs m-times PRODUCT
and m — 1 times ADD for each of the
n alternatives. Finally, for finding the al-
ternative with the highest utility value,
the consumer needs n — 1-times ELIMI-
NATE. Thus, whenever. the consumer.ap-
plying a WADD-strategy has to choose

Business & Information Systems Engineering

an alternative from n alternatives that are
described by m attributes, he will need
CWADD — 2mnREAD 4+ mnPRODUCT +
(m — 1)nADD + (n — 1)ELIMINATE.
Similar analyses for determining Cg,y
can be done for other strategies (see
Fig. A-1, Fig. A-2 and Fig. A-3).

The number of alternatives which the
consumer considers from the recommen-
dation list depends on the quality of the
ordering of the products and the con-
sumer’s stopping behavior. A large num-
ber of studies investigated when people
stop the search for a better alternative
and identified stopping rules (Hey 1982,
p- 65). The bounce rule, for example, as-
sumes that the search is stopped at p;,,
if U(py) = U(psar), VI where I =1 is
the one bounce rule and | = 2 is the
two bounce rule, etc. (Hey 1982, p. 73).
For example, a consumer applying a two
bounce rule would stop her search in the
recommendation list as soon as the utility
values of three consecutive products are
monotonously decreasing. For [-bounce
stopping rules holds that the better the
recommendation list is sorted decreas-
ingly according to the consumer’s util-
ity, the earlier the consumer stops the

BISE — RESEARCH PAPER

search and thus the fewer alternatives he
considers.

The approach used above for Ce; can
be easily transferred to determine Cpf
for a CBC-based recommendation sys-
tem. In a CBC analysis, a consumer is
confronted with ¢t choice tasks, where
each choice task has n.; alternatives. Thus
the total number of alternatives consid-
ered for a CBC analysis will be n = ¢t x
ter and Cpyr for the CBC analysis is de-
termined as is C,j,; because for model-
ing decision behavior in choice task the
same decision strategies can be used as
for modeling the choice of an alternative
from a recommendation list. Because al-
ternatives in choice tasks are not sorted,
we do not assume that consumers apply
a stopping rule but rather consider all n.;
alternatives in each choice task. In CBC
analysis, 1 is usually low (e.g., three or
four).

5 Simulation

We have developed a new IT artifact in
form of a method that is relevant for solv-
ing the recommendation problem that
many e-commerce companies face. We
have also shown research rigor in the
constructions of this method by relying
on well-established theoretical founda-
tions (Hevner et al. 2004, p. 88): We ex-
tend a well-established approach (Pareto-
front) with respect to the theory of con-
sumer decision behavior (our approach
is designed to rank Pareto-efficient prod-
ucts according to the probability of be-
ing the best product for several consumer
decision strategies). Another crucial step
of the design science cycle, which we ad-
dress in this section, is the design eval-
uation with rigorous methods (Hevner
et al. 2004, pp. 82-87). As evaluation
criteria, we determine both effort and
accuracy of the compared systems with
the effort-accuracy framework by John-
son and Payne (1985), since it is well ac-
cepted as theoretical framework in the
field of information systems (Todd and
Benbasat 1992, p. 376, 1994, p. 538).

We will evaluate the different recom-
mendation systems with an agent-based
model instead of, for example, a labora-
tory experiment, an analytical approach
or a field study, because of several rea-
sons and thus will follow the approach
of other works with comparable research
questions (e.g. Hinz and Eckert 2010;
Hostler et al. 2011). Agent-based mod-
els allow for modeling and analyzing het-
erogeneous behavior and can capture the

www.manaraa.com
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fact that individuals have different util-
ity functions and apply different decision
strategies. In contrast, obtaining results
that allow implications for particular de-
cision strategies in empirical experiments
is difficult because it is hard to observe
which exact decision strategy a consumer
has applied (Broder and Schiffer 2003,
p- 196; Rieskamp and Hoffrage 2008,
p- 262). Moreover, we have to investigate
a sequence of interdependent decisions
due to the answers an individual provides
in the preference measurement part de-
termining the order of reccommendations
and with it the individual’s final choice.
Such complex and dynamic interactions
would be difficult to show in an analytical
model. Therefore, we conduct a simula-
tion in which we model 1000 consumers
who make a buying decision while using
different recommendation systems. This
allows us to make clear statements about
different consumer types. Each consumer
is described by (i) a utility function,
(ii) a decision strategy and (iii) a stopping
rule. Consumers first interact with the
recommendation system and thereafter
evaluate recommended products until
the stopping rule terminates the evalua-
tion. At the end each consumer selects a
product.

5.1 Simulation Design

We conducted a pre-study in order to be
able to determine realistic parameters for
our agents. In the pre-study 50 partici-
pants revealed their utility functions and
aspiration levels for buying a new digital
camera. Utility functions were elicited us-
ing a self-explicated approach that con-
sisted of two steps. In a first step, the
consumers revealed their aspiration lev-
els for each attribute and in the second
step they specified the attribute weight-
ings as well as the parameters for ex-
ponential single-attribute utility function
(see (2)). Finally, consumers rated the ten
most recommendable cameras. An R? of
0.51 as well as an RMSE of 1.23 indicate
that the sequence of the presented rec-
ommendable cameras was perceived as
rather accurate by the consumers. This
indicates that the utility functions were
reliably and validly estimated.

5.1.1 Utility Function

We estimated distributions for each ex-
ponential single-attribute utility function
parameter (a;,-b;-and_¢;) and_each_at-
tribute weight w; from the results of

the above mentioned laboratory experi-
ment. Attribute weights were measured
as a discrete value on an 11-point scale.
To estimate the parameters a;, b; and ¢;
we assumed that the best attribute level
has a single-attribute utility value of 1
whereas the worst attribute level has a
utility value of 0. The participants in the
experiment specified the utility value for
the average level (i.e. the attribute level
that is exactly between the best and the
worst) of each attribute using an 11-point
scale. The value specified for the aver-
age attribute level was than transformed
into [0; 1]. These utility values allowed
us to compute the parameters 4;, b; and
¢i. We used digital cameras described by
photo resolution, zoom factor, size, dis-
play size, video resolution, number of set-
tings, light sensitivity, and price in both
the laboratory experiment and the simu-
lation. Each attribute is described by six
(for photosensitivity) to 117 (for size)
different attribute levels.

Aspiration levels were directly speci-
fied by the experimental participants. We
used these data to (i) estimate for how
many attributes consumers specify aspi-
ration levels and (ii) how restrictive con-
sumers specify aspiration levels. A com-
plete list of all parameter distributions es-
timated based on the laboratory experi-
ment and used in our simulation can be
found in Table A-1.

5.1.2 Decision Strategies

We choose the most common decision

strategies (Wang and Benbasat 2009, p. 3;

Yee et al. 2007, p. 534) which we evenly

distribute over our 1000 simulated con-

sumers.

e WADD (Weighted Additive Rule):
This is the normative rule in the deci-
sion making literature. It assumes that
a decision maker computes the utility
for each product, U,.

e EBA (Elimination by Aspect Strategy):
Decision makers sort the attributes i
according to their weight w;. Start-
ing with the attribute with the highest
weight, they iteratively remove prod-
ucts if the value of the ith attribute
does not meet the aspiration level for
this attribute. All attribute levels that
fulfill the aspiration level are accept-
able for the decision maker. The strat-
egy stops if there is only one alterna-
tive left or all attributes are consid-
ered. We follow Yee et al. (2007, p. 534)
and assume a deterministic process
where the order in which attributes are

considered is decreasing according to
w;.

e LEX (Lexicographic Heuristic): Deci-
sion makers consider the attribute i
with the highest w; and select the
product whose attribute level x;, has
the highest value: u;(x;p). If this returns
more than one alternative, they itera-
tively compare the remaining alterna-
tive across the next most important at-
tribute until there is only one product
left.

e CONJ (Conjunctive Strategy): A de-
cision maker removes a product if at
least one of its attribute levels vio-
lates an aspiration level. If all consid-
ered products satisfy the aspiration lev-
els, the user chooses randomly among
them.

5.1.3 Stopping Rule

We assume that consumers will not con-
sider all alternatives in the third step of
the recommendation system. Rather, we
assume consumers to rationally and con-
sistently use the bounce rule to make a
final selection because the system saves
them the effort to consider all alterna-
tives. Consumers of type EBA using a two
bounce rule, for example, would use EBA
to compare the three alternatives that are
ranked highest. If the one with the high-
est rank wins, she stops the search. Other-
wise, she compares the winning alterna-
tives with alternatives four and five from
the recommendation list with EBA, etc.

5.1.4 Recommendation Systems

We implement a benchmark system that
presents products in a random order
to the consumers (Random Sorting). As
a simple utility-based recommendation
system we implement a system that only
allows sorting products according to their
price and a system that allows sorting
products according to the consumers’
most important attribute. We further im-
plement a CBC-based recommendation
system with hierarchical Bayes estima-
tor by using the R-package “bayesm”
(Rossi et al. 2005). Our estimator is a hy-
brid Gibbs sampler with a random walk
Metropolis step for the multinomial logit
coefficients. The hierarchical multino-
mial logit model is specified with mixture
of normals heterogeneity to overcome the
strict assumptions of a normal multi-
nomial logit model (Fiebig et al. 2010,
p. 397). We generated 20,000 Markov
Chain Monte Carlo draws from which
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Table 3 Overview of the compared recommendation systems

BISE — RESEARCH PAPER

System computation (Ciyair)

Result (Csefecr)

System Consumer interaction (Cpyf)
Random sorting None
Price sorting None

Importance sorting

Pareto-front None?

CBC
choice tasks

Ranked Pareto-front None?

Enter most important attribute®

Choose the preferred product in several

None

Sort products according to their price

Compute Pareto-front

Sort products according to the consumer’s
most important attribute

Select a Product from the
Recommendation List

Compute multi-attribute utility functions

based on a multinomial regression with
hierarchical Bayes estimator

Compute Pareto-front and probabilities to

be the best product

#Importance Sorting and the two Pareto-front approaches only require consumer input for heterogeneous preference orders

the first 10,000 were used for burn-in
and the last 10,000 were used for estimat-
ing the utility functions. The consumers
of the CBC-based recommendation sys-
tem have to choose one product out of
three or take the no choice option in
25 choice tasks. We use 20 of the choice
tasks for estimating the consumers’ util-
ity functions and 5 choice tasks (hold-
out tasks) for computing the validity of
the estimated functions. The stimuli for
the choice tasks were generated using a
D-optimal design® (Kanninen 2002).

A fifth system presents products that
are Pareto-efficient in a random or-
der. We used LESS (Linear Elimination
Sort for Skyline) as fast exact algorithm
to compute all Pareto-efficient products
(Godfrey et al. 2006). 79 out of 130 cam-
eras were identified as Pareto-efficient.
These 79 cameras were presented in a
random order. We further implemented
our proposed algorithm of an RPF in a
sixth recommendation system. This sys-
tem uses the algorithm presented in Fig. 1
to sort the Pareto-efficient products. Our
simulated consumers use all the recom-
mendation systems presented above to
find an appropriate digital camera out
of 130 cameras. Each consumer eval-
uates the final recommendation set of
each system and selects an appropriate
product based on the stopping rule dis-
cussed above. When using Importance
Sorting and the CBC-based recommen-
dation system, it additionally requires ef-
fort from our consumers to interact with
the system (Cprr > 0). If two products
are assigned the same rank with the RPF
system, then they are displayed in ran-
dom order. From the 130 products, only 8

Pareto-efficient solutions shared the rank
with one other product.

Table 3 gives an overview of the rec-
ommendation systems that will be com-
pared in this work. CBC and Importance
Sorting require consumer interaction be-
fore they can compute the recommenda-
tion list. The costs for measuring pref-
erences with a CBC and for selecting a
product out of the recommendation list
of any system are computed as described
in Sect. 4.2. Importance Sorting further-
more requires selecting the most impor-
tant attribute. Each consumer therefore
reads in each attribute (m-times READ
with each 0.23 EIP) and compares them
((m — 1)-times COMPARE with each
0.3 EIP) to find the most important at-
tribute, resulting in 3.94 EIPs for the eight
attributes of the digital cameras. After the
consumer-interaction part (if existent),
the recommendation list needs to be gen-
erated. The two Pareto-front approaches
compute the set of Pareto-efficient solu-
tions first before they can start sorting
products. The RPF approach, in addition,
needs to determine the ranks (with algo-
rithm 1, see Fig. 1). The CBC needs to
compute the multi-attribute utility func-
tion based on the consumer input in the
first step (see Sect. 4.1). The Pareto-front
approach presents the Pareto-efficient
products in random order on the rec-
ommendation list. The others sort prod-
ucts according to some system-specific
criterion (prices, utilities, ranks).

5.2 Verification and Validation

For ensuring the rigor of our simulation
model, we follow the guidelines by Rand

and Rust (2011, pp. 7-10) for verification
and validation. For validating that our
implemented model corresponds to real-
ity, we follow four steps: micro-face val-
idation, macro-face validation, empiri-
cal input validation and empirical output
validation.

We ensure that the input parameters
used to define the model correspond
in a meaningful way to real-world in-
dividuals in the micro-face validation
by defining buying decision parameters
that have been extensively investigated
in recent research. First, we model util-
ity functions that form the theoretical
foundations of several utility estimation
approaches such as self-explication ap-
proaches and conjoint analysis (Green
et al. 2001, p. 60). We furthermore pa-
rameterize these functions based on the
findings of the laboratory experiment
(see Sect. 5.1). Second, agents are char-
acterized by decision strategies that have
been found to describe actual human-
decision behavior (Biggs et al. 1985,
p- 975; Olshavsky 1979, p. 306).

The macro-face validation ensures that
the aggregate patterns correspond to real-
world patterns. We warrant a macro-
face valid model by implementing four
different strategies that cover the vari-
ety of human decision behavior. Since
there is no consumer interaction between
consumers but only between the recom-
mendation system and the consumer, we
validate aggregate patterns by observing
that different consumer types as defined
on the micro-level lead to a heteroge-
neous population of consumers on the
macro level. On the one extreme with the
WADD strategy, we incorporate individ-
uals into the model who invest high effort

3 A-D-optimaldesignsseeks to-minimize the,set;of stimuli necessary to investigate the main effects (here attributes) of the variance of an observed

variable (here product choice).
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Table 4 Mean of consideration set sizes for different stopping rules. Standard

deviations are in parentheses

2 bounce rule 3 bounce rule

System 1 bounce rule
Random sorting 5.04 (14.14)
Price sorting 8.73 (20.41)
Importance sorting 6.12 (17.25)
Pareto-front 4.89 (9.48)
CBC 3.96 (13.04)
RPF 3.88 (8.63)

6.92 (14.79) 14.91 (14.92)
10.83 (20.26) 15.13 (19.94)
7.70 (17.14) 9.83 (17.22)
6.60 (9.41) 9.30 (9.49)
5.96 (13.95) 6.99 (12.93)
5.24 (8.55) 6.89 (8.64)

Table 5 Validity of the recommendation systems without selecting a product

System EBA CON]J LEX WADD
Random sorting —0.003 0.004 —0.006 —0.007
Price sorting —0.387 —0.367 —0.380 —0.389
Importance sorting 0.303 0.281 0.322 0.251
Pareto-front 0.012 0.013 0.012 0.011
CBC 0.702 0.450 0.547 0.869
RPF 0.868 0.860 0.865 0.864

in their decision during the decision pro-
cess: A behavior that can be found in real-
world decision-making contexts for con-
sumers with, for example, high product
involvement (Denstadli and Lines 2007,
p- 126). We model individuals who in-
vest little effort in their decision with the
LEX strategy, a behavior that is typical for
low product involvement (Hoyer 1984,
p. 823). Consumers with high expertise
typically select products with a CON]J
strategy rather than a WADD strategy
(Denstadli and Lines 2007, p. 125).

In order to ensure that our output cor-
responds to the real world, we compare
the number of products that the agents
consider in the selection phase (consider-
ation set size) between the different sys-
tems. In accordance with the findings of
Hiubl and Trifts (2000, p. 15), the con-
sideration set size decreases when a rec-
ommendation system is used. We fur-
thermore compare the consideration set
size of our simulation with the considera-
tion set size of the participants in our pre-
study. In our pre-study, we found that
the consideration set consisted of mini-
mally one, maximally ten and 5.62 prod-
ucts on average (SD = 2.78). As shown in
Table 4, the results when using a 2 bounce
rule match well with those of the ad-
vanced recommendation systems (CBC,
RPF) and for the Random Sorting and
the Pareto-front approach both a 1 and
a 2 bounce rule fit well to our observed

data. For the two simple sorting recom-
mendation systems, a 1 bounce rule leads
to better results than a 2 bounce rule. In
summary, our simulation results for the
consideration set size fit well to the re-
sults gathered from our pre-study with
real respondents.

We also use the results for calibrat-
ing the parameter / of the bounce rule.
We decided to use the two bounce rule,
because by allowing the agents to con-
sider more alternatives, it allows the sim-
ple recommendation systems to achieve
a higher accuracy. Furthermore, the pref-
erence measurement method in our pre-
study resembles more a CBC than any
of the other recommendation system ap-
proaches, making the CBC the preferred
approach for calibrating the parameter [
for the bounce rule. The consideration set
size can be found in the appendix for each
strategy.

We discuss the results of our simula-
tion with regard to our output variables
cost and accuracy (see Sect. 5.2) in the
next section. A detailed presentation of
all results can be found in the online
Appendix.

6 Results
6.1 Validity

We computed the validity of our CBC-
based recommendation systems as the

correlation of the predicted and rank
based on the real utility function of the
agents. Table 5 indicates that (i) con-
sumers using WADD especially benefit
from an outstanding validity (0.869), and
(ii) and the validity is moderately good
also for consumers using other strategies
(between 0.450 and 0.702).

The computed validity of the CBC-
based recommendation system expresses
the accuracy of the recommendation list.
We also estimate the accuracy of the rec-
ommendation lists for all other systems
as the correlation between the systems’
predicted product rank and the prod-
uct rank based on the true utilities. Ta-
ble 5 indicates that the recommenda-
tion list based on a random sorting or
the Pareto-front approach is uncorrelated
with the true product utilities (the co-
efficients are close to zero). Importance
sorting produces a significantly better
recommendation list than random sort-
ing or the Pareto-front approach (p <
0.001), but a significantly worse list com-
pared to a CBC-based recommendation
system (p < 0.001). The proposed RPF
approach produces the best recommen-
dation lists for all investigated decision
strategies (the CBC validity is compa-
rable only for WADD: 0.869 to 0.864).
This underlines the fact that the RPF
computes the probability for any prod-
uct of being the best product indepen-
dent of the consumers’ decision strategy.
Price sorting is interestingly worse than
random sorting.

As presented in Table 6, price is highly
correlated with most other attributes. In
case the single-attribute utility functions
of two attributes have different signs of
slopes (one is monotonously increasing
(e.g., the more settings the better), the
other decreasing (the higher the price,
the worse)), a high correlation means
that one attribute is in trade off to the
other attribute. For price this is the case
for most other attributes (zoom factor,
screen resolution, video resolution, set-
tings and photosensitivity). Considering
only the price to sort products therefore
leads to low utilities for those five at-
tributes. Although price is typically one
of the most important attributes, sort-
ing only for price means neglecting other
important attributes which leads to a
negative correlation between the single-
attribute utilities for price and the over-
all product utilities. Price sorting is thus
inefficient and will scare off consumers.

The results in Table 5 also indicate that
the RPF outperforms other approaches
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Table 6 Correlations

between the product Al A2 A3 Ad AS A6 A7 A8
attributes based on the .
. Resolution (A1) - 0.039 —0.198 —0.212 0.019 0.036 —0.252 —0.041

attribute levels (not the

attribute level utilities) Zoom factor (A2) 0.039 - 0.813 0.329 0.178 0.320 0.453 0.143
Size (A3) —0.198 0.813 — 0.558 0.148 0.199 0.611 0.298
Price (A4) —0.212 0.329 0.558 - 0.408 0.484 0.643 0.289
Screen resolution (A5) 0.019 0.178 0.148 0.408 - 0.458 0.236 0.132
Video resolution (A6) 0.036 0.320 0.199 0.484 0.458 - 0.243 0.253
Settings (A7) —0.252 0.453 0.611 0.643 0.236 0.243 — 0.354
Photosensitivity (A8) —0.041 0.143 0.298 0.289 0.132 0.253 0.354 —

in respect to the best ordering of prod-
ucts in the recommendation list. This re-
sult is independent of consumers’ deci-
sion strategies or stopping rules. In the
next subsection, we compare the com-
plete search process (including the selec-
tion of a product) across all investigated
systems.

6.2 Effortand Accuracy

To evaluate the different recommenda-
tion systems, we use two measures: the
consumer’s effort and the accuracy of
the recommendation technique. The ef-
fort is expressed as described in the
cost model (see Sect. 3) and for the ac-
curacy (or quality) we use the utility
value of the selected product normed in
[0; 1] indicating the distance between the
utility of the selected product and the
utility-maximizing product.

Figure 3 presents the results. The fur-
ther left and the further up a system
is plotted in the diagram, the better it
is. In summary, the RPF clearly outper-
forms the competing systems. Only for
consumers applying a WADD strategy
can a CBC system achieve a slightly bet-
ter accuracy but at the expense of much
more effort. A detailed table of our results
can be found in the online Appendix in
Table A-2.

Our results illustrate the trade-off be-
tween accuracy and effort when using
a CBC-based recommendation system.
Other utility-based systems such as Price
Sorting or Importance Sorting systems
are inferior to a CBC-based system in
terms of accuracy, but superior in terms
of effort. We also found again that a sys-
tem that allows sorting products accord-
ing to their price has the lowest accu-
racy. Presenting consumers an unsorted
list of products (Random Sorting) leads

to higher accuracy and allows selecting a
product with comparable costs.

Between 80 and 90 % of the effort a
consumer has when using a CBC-based
recommendation system is caused by the
choice tasks (Cpy,f). Although it might be
possible to slightly reduce the number of
choice tasks, the effort for such systems
would be still higher compared to other
systems.

Recommendation systems that present
Pareto-efficient products (see Pareto
Front in Fig. 3) are characterized by costs
that are comparable to (EBA, CONJ,
LEX) or significantly higher (WADD)
than those when using an Importance
Sorting system.* We also found signif-
icantly higher accuracy when using an
Importance Sorting system compared to
a system that presents randomly sorted
Pareto-efficient products for consumers
using an EBA or CONJ strategy, but
significantly lower accuracy for con-
sumers using WADD. A recommenda-
tion system presenting randomly ordered
Pareto-efficient products is therefore only
recommendable for consumers using a
WADD strategy.

As Fig. 3 demonstrates, our proposed
RPF approach allows consumers to se-
lect an appropriate product at costs com-
parable to those of using an Importance
Sorting system. However, the accuracy
is significantly higher than (for EBA,
CONJ, LEX) or comparable to that of a
CBC-based recommendation system (for
WADD). We therefore can conclude that
our proposed approach is superior to Im-
portance Sorting systems as well as CBC-
based systems. Furthermore, our results
strongly support our claim that a prod-
uct with a better rank is more likely to be
purchased than a product with a worse
rank (see Sect. 3) because the quality of
the ranking can be evaluated by the ac-
curacy of the recommendation process of

the system. The higher the accuracy, the
better was the rank of the chosen prod-
uct. First, our approach yielded better ac-
curacy than other systems for consumers
using EBA and CONJ, which both rely on
consumer-specific aspiration levels. Sec-
ond, our approach was better than others
for consumers using LEX, which consid-
ers the most important attribute. Third,
also for consumers using WADD, thus a
strategy that chooses the product with
highest utility value; our system was com-
parable to or better than other systems
(CBCQ) in terms of accuracy.

Our proposed approach furthermore
guarantees to select a Pareto-efficient
product which avoids regret (Loomes
and Sugden 1982, p. 805). 7.4 % of
our consumers selected a product that
is not Pareto-efficient when using the
CBC-recommendation system. We inter-
estingly found that all consumers selected
a Pareto-efficient product when using the
Importance Sorting system.

7 Discussion
7.1 Research Implications

We analyzed recommendation systems
that do not need historical data and do
not, therefore, suffer from the start-up
problem. Utility-based recommendation
systems, that fall into this category, re-
quire the consumer to explicitly input
preferences which demand a high con-
sumer effort. Based on the framework
by Johnson and Payne (1985, p. 399),
we developed a cost model to quan-
tify the effort a consumer experiences
for the product choice. As expected, our
simulation showed that a utility-based
CBC-recommendation system provides

“We conducted-ANOVAswith Tukey’sshonestsignificance test to compare our recommendation systems in terms of effort and accuracy. We used
an o-level of 0.05 to test for statistical significance.
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Fig. 3 Results across all
decision strategies when
using a two-bounce rule

Accuracy

Accuracy

very accurate recommendations. Yet, de-
pending on the applied decision strat-
egy, it requires roughly between 1.5
to 3 times more consumer effort than
for easy importance-sorting according to
the most preferred attribute. Between
80 % and 90 % of the cost of CBC-
recommendation systems results from
the preference measurement step which
is why we suggested a new approach that
does not require any input of consumer’s
preferences: the RPF approach. We rec-
ommend this approach because it out-
performs CBC-recommendation systems
in terms of accuracy in particular for con-
sumer types that do not follow a utility-
maximizing strategy, while requiring the
same low costs as a simple sorting mech-
anism. Furthermore, fast algorithms for
computing the Pareto-front exist and are
easy to implement and the RPF approach
does not suffer from the start up prob-
lem. Yet, CBC-recommendation systems

? Pareto-Front
. |mportance Sorting

EBA

* Ranked Pareto-Front

cBC

* Importance Sorting

+ Random Sorting
Pareto-Front

Accuracy

* Price Sorting

".\J:“IEﬁort
LEX

* Ranked Pareto-Front

CEC

Random Sorting

® Price Sorting

" Effort

should be chosen when market shares
(Jedidi et al. 1996), optimal product con-
figurations (Dorner and Scholz 2013,
p. 10) or the individual’s willingness’s-to-
pay (Gensler et al. 2012; Schlereth et al.
2012) are to be estimated in addition to
providing recommendations.

7.2 Managerial Implications

Many e-shops sort products according to
their price by default. We cannot rec-
ommend restricting sorting to a pre-
specified attribute, because it is clearly
outperformed by allowing the consumer
to choose the sorting criteria individually.

Sorting products according to their
price is especially counterproductive be-
cause price is typically highly correlated
with beneficial product attributes (e.g.
the number of settings of a digital cam-
era) but has in contrast to other product
attributes an upside-down effect on the

Accuracy

CONJ

* Ranked Pareto-Front

..CBC ,
Importance Sorting
* Random Sorting
* Pareto-Front
® Price Sorting

:;\.II“Eﬁort
WADD

* Ranked Pareto-Front CBC

* Pareto-Front
+ Random Sorting
. /mportance Sorting
Price Sorting

500
Effort

overall utility. Sorting products according
to their prices in ascending order is there-
fore equal to sorting beneficial product
attributes in ascending order. The higher
the number of beneficial attributes a con-
sumer considers, the more likely it is that
products with low overall utility value are
ranked highly when sorting according to
price because of the trade-off between
price and beneficial attributes.

Instead of offering sorting according to
an attribute, we instead recommend us-
ing the RPF for compiling recommen-
dation lists with little consumer effort.
Our results indicate that consumers who
did not apply a CONJ strategy consid-
ered only between three and six products
on average when using the RPF and as-
suming consumers to use a two bounce
rule. The RPF might, therefore, also be
applicable if the number of products is
much larger than in our simulation. In a
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dataset of 2778 apartments, for example,
we found only 601 to be Pareto-efficient.
Most existing research studies focus
on recommending products of only one
category. Yet, in several situations, con-
sumers prefer buying product sets. Con-
sider a consumer who is going to start
with digital photography. The consumer
might require at least a camera body
and a lens, while some consumers start
with a more sophisticated set includ-
ing a camera body, several lenses and
an external flash. Applying the RPF can
help to narrow down the overwhelm-
ing number of possible product sets at
virtually no cost. In other problem do-
mains (e.g., IT project portfolio man-
agement systems) the RPF might fur-
thermore contribute to improving other
decision support systems that identify
valuable Pareto-efficient alternatives.

7.3 Limitations

Our approach is subject to three main
limitations. First, the RPF requires that
the products can be compared across a
common set of attributes (i.e., they all be-
long to the same product category) and
that the ordering on each attribute is
equal for each individual. This might be
true for attributes such as price or camera
resolution (i.e., the cheaper, the better or
the higher the resolution, the better), but
not for nominal attributes such as color.
An easy way to solve this problem would
be to ask the consumer for her preference
order. This can be achieved with little ad-
ditional cost. If we assume that eight at-
tributes are nominal and each attribute
consists of ten levels, a consumer needs
141 EIPs to generate a preference order
for all eight attributes when using an effi-
cient sorting algorithm such as quicksort,
introsort or bubblesort.> Taking into ac-
count that the difference between a CBC
and an RPF in terms of effort is much
higher than 141 EIPs (see Fig. 3), we
still can claim that a CBC requires more
consumer effort than an RPE.

Second, since the RPF approach
presents a system in which no consumer
input is required, the consumer might ex-
perience low control (Kamis et al. 2008,
p. 171) and low social presence (Kumar
and Benbasat 2006, p. 437). We therefore
recommend allowing the consumer to
interact with the recommendation sys-
tem in the third step, for example, in

form of filters that permit setting aspi-
ration levels. This is particularly useful
for EBA or CONJ consumers. Moreover,
this approach would have the positive
side-effect to even further decrease the
consumer effort for selecting a product
from the recommendation list.

Third, in contrast to laboratory exper-
iments and field studies, in simulations
the construction of external validity is
harder because rigid assumptions might
limit the ability to generalize the results.
In our case, a non-representative sample
of agents is a main thread to external va-
lidity (Wohlin et al. 2012, p. 110). We as-
sume our agents to be purists in that they
do not deviate from the process that the
strategies prescribe. However, because of
the very heterogeneous and highly adap-
tive nature of human decision-making,
testing for all possible combinations and
errors that decision-makers might make
would be impossible. We thus decided to
test four very different decision-types and
one stopping rule which allow analyzing
the systems across different decision con-
texts systematically. We decided to use the
bounce rule in our simulation instead of
other stopping rules (Hey 1982, p. 65)
because other stopping rules would have
forced us to make strong assumptions
about the parameters (for example, the
reservation price rule assumes that each
decision maker stops the search once the
products falls below her personal reser-
vation price). Furthermore, the RPF al-
ready showed the best accuracy before
the selection stage and, therefore, our re-
sults strongly support the superior per-
formance of the RPF independent from
the stopping rule.

To the best of our knowledge, this ar-
ticle is the first which adapts the Pareto-
front concept in order to allow sort-
ing Pareto-efficient products. Although
we were not able to test all conceivable
decision strategies and combinations of
them, our cost model is designed in a way
that makes it easily adaptable to further
strategies.

In future work, we would like to test the
systems that performed best in our study,
namely the CBC-recommendation sys-
tem, the RPF and the Importance Sort-
ing, in an experiment with real con-
sumers. While the simulation study was
able to systematically analyze which sys-
tem performs best for which consumer
type by using objective measurements for
accuracy and effort, an experiment would

“Sorting a set of & attribute levels costs ld(e) READ and COMPARE operations.
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reveal consumer’s perceived effort and
perceived accuracy as well as the per-
formance of the systems for many more
kinds of different decision behavior that
might occur in real-world settings.
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Abstract
Jella Pfeiffer, Michael Scholz

A Low-Effort Recommendation
System with High Accuracy

A New Approach with Ranked
Pareto-Fronts

In recent studies on recommendation
systems, the choice-based conjoint
analysis has been suggested as a
method for measuring consumer pref-
erences. This approach achieves high
recommendation accuracy and does
not suffer from the start-up problem
because it is also applicable for recom-
mendations for new consumers or of
new products. However, this method
requires massive consumer input, which
causes consumer reluctance. In a simu-
lation study, we demonstrate the high
accuracy, but also the high user’s effort
for using a utility-based recommenda-
tion system using a choice-based con-
joint analysis with hierarchical Bayes es-
timation. In order to reduce the con-
flict between consumer effort and rec-
ommendation accuracy, we develop a
novel approach that only shows Pareto-
efficient alternatives and ranks them
according to the number of dominated
attributes. We demonstrate that, in
terms of the decision accuracy of the
recommended products, the ranked
Pareto-front approach performs better
than a recommendation system that
employs choice-based conjoint anal-
ysis. Furthermore, the consumer’s ef-
fort is kept low and comparable to that
of simple systems that require little
consumer input.

Keywords: Recommendation systems,
Preference measurement, Pareto-front,
Effort, Accuracy, Simulation
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