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Abstract

This paper presents a novel method for evaluating the usefulness of online product recommendation.
Previous studies on evaluating recommendation systems have mostiy relied on two methods : testing the
accuracy of estimating user preferences by recommendation systems, or empirically testing the effective-
ness with lab experiments involving human participants. The former does not measure the usefulness di-
rectly and hence can be misleading; the latter is expensive in that it requires a working online store sys-
tem and test participants. In order to address the problems, the proposed approach uses simulation to
imitate customer behavior and evaluate the usefulness of recommendation. Models for user behavior and

an abstract Internet store are developed for simulation. Actual simulation experiments are performed to
iustrate the use of the approach.
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1. Introduction

As e-commerce matures, intelligent product
recommendation has become a necessary tool
for many Internet stores to help their customers
shop more efficiently and boost their sales [Burke,
2002; Herlocker, et al., 2004, Komiak and
Benbasat, 2006). Accordingly, numerous studies
have been conducted so far for developing such
product recommendation systems. Many of the
systems have been found to be useful and many
Internet stores such as Amazon.com have been
successfully using such systems for long time
already [Linden, et al., 2003].

Because it usually involves much efforts and
time to develop such recommendation systems,
one of the most critical issues is to evaluate the
performance of the systems before actual im-
plementation and deployment. So far, two types
of evaluation have been broadly used by most
research. The first method of evaluation meas-
ures the accuracy of estimating users prefer-
ences by the recommendation systems. This is
because recommendations are usually based on
the estimated preferences of users for candidate
products. The second method is to conduct em-
pirical experiments involving human partic-
ipants and fully or partially working systems.
This method is different from the former in that
it measures the usefulness of the systems di-
rectly in the context of actual shopping.

Although both of the methods have re-
spective advantages and have been used wide—
ly, they do have some limitations. First, the
evaluation based on the accuracy of preference

estimation may not always be able to measure

how useful a system would be in the actual
shopping context. This is because no matter
how accurate the estimation is, the recom-
mendation system may not be accepted or used
by users if users find other functions or routes
of shopping more efficient. Second, the empiri-
cal evaluation is usually expensive in that, first,
it requires the mmplementation of the system to
a significant degree, and second, it involves
many human participants. The high costs of
implementation and experiment is a serious 18—
sue when there are many factors to be tested
over many experiments or frequent updates of
the system 1s required.

There have been few studies so far, if any,
that have attempted to address the above pro-
blems. Therefore, this research aims to present
an alternative method of evaluating recom-—
mendation systems using simulation in an at-
tempt to overcome the above limitations. Simu-
lation approach can enable us to imitate the ra-
tional behavior of customers realistically at low
cost without requiring working systems or hu-
man participants.

Among many different types of recom-
mendation, this paper focuses its analysis on
the item-based collaborative filtering method
which recommends products that are similar to
the one which has been just clicked by a
customer. The analysis also tests the relative
effectiveness of recommendation in comparison
with another store function to test whether the
quality of other functions affects the usefulness
of recommendation.

This paper is organized as follows : Section

2 presents an overview of related literature.
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Section 3 explains the models and methods
used for the simulation-based evaluation. Then
the results of a series of experiments are pre—
sented in Section 4 for illustrating the use of the
presented approach. Section 5 concludes with

discussion and further research issues.’

2. Literature Review

Recommendation systems have been resear—
ched rigorously since the early days of e-com-
merce and many methods have been developed
so far. Such recommendation methods are often
classified into two types : collaborative filtering
and content-based filtering [Burke, 2002; Her-
locker, et al., 2004; Komiak and Benbasat, 2006].
Many collaborative filtering systems ﬁse virtual
collaboration among users by recommending
products to a given user based on the similarity
between the user and other users. The sim-
ilarity is often estimated using purchase history
or ratings data. On the contrary, content-based
filtering uses content information of products
and users for recommendation. For example, ti-
tles and keywords for books can be used for
recommending books to shoppers based on the
content—based filtering.

Most studies that develop recommendation
methods evaluate the performance of the methods
based on the accuracy of estimating the user
preferences for recommended products [Herlocker,
et al., 2004]. There are several measures that
are used widely for this purpose such as mean
absolute error (MAE), precision, and recall.
MAE measures the mean absolute difference

between estimated preference and actual pre-

ference. Precision and recall are the measures
that have been developed in the information re—
trieval (IR) field, where the former measures
how many of the recommended products are
actually preferred, and the latter how many of
the target products were actually recommended.
There are extensions and modifications of the
above measures as well, including hybrids [Ahn,
2008].

Different from the above studies that design
and develop methods of recommendation, there
have also been many studies that empirically
investigated the effects of using recommen-
dation systems and also the factors that affect
the effects. Many of the studies are very similar
to behavioral studies in the management in-
formation systems (MIS) field in their research
methods and theories. For example, some stud-
ies use Technology Acceptance Model (TAM)
together with lab experiments to evaluate the
effectiveness of recommendation systems {Jiang,
et al., 2000; Klopping and McKinney, 2004]. A
thorough review of this type of studies can be
found in a recent article [Xiao and Benbasat,
20071.

Although the above approaches to evaluation
of recommendation systems have been used
widely so far, they have a couple of limitations.
First, the evaluation based on estimation accu—
racy may not be able to predict whether the
recommendation systems will actually be used
in the context of online shopping. This is be-
cause there can be many different ways a user
can use an online store depending on the avail-
able functions or structure of the store. There-

fore, even if the estimation is very accurate,
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users may choose to use a different route of
shopping if it is perceived as more efficient.
Second, empirical studies are usually expensive
because many users have to be involved and a
full or partially working system should be con-
structed for the lab experiments. Moreover, it
1s also difficult to motivate users to hehave re-
alistically in the experiments.

3. Research Models

3.1 Overview of the Research

The goal of this research is to present a novel
method of evaluating recommendation systems
to overcome the problems that were summar-
ized in the literature review section. More spe-

cifically, there are two sub-objectives :

¢ The method should allow us to directly
measure the performance improvement of
online shoppers when using recommenda—
tion systems.

¢ The method should allow us to measure
the performance 1improvement without hu-

man participants using simulation.

Since there are so many different styles of
recommendation systems being used, this re-
search constrains the scope of it to ‘recommen-
dation of similar items’ used by many Internet
stores such as Amazon.com. That is, the target
recommendation systems of this research are
those where a list of products is recommended
to a user whenever a user clicks on a product.

The products in the list are chosen according

to the similarity with the current product calcu-
lated based on some similarity metrics.
There are several assumptions as well un-

derlying this research :

¢ Different users may have different behav-
joral characteristics, and may find different
ways of shopping more useful.

e Users collect information about a certain
number of candidate products before mak-
ing a purchasing decision [Kotler and
Armstrong, 1991; Simon, 1959).

e Users are assumed to be rational. That is,
users are assumed to pursue efficiency in
shopping by trying to reduce the time
taken to collect information about enough
products.

® There are certain costs associated with
each different action in shopping. Because
users are assumed to be rational, they try

to minimize the costs.

3.2 Description of the Research Models

In line with the assumptions above, there are
several models needed for this research. First,
an abstract model of an Internet store is needed
so that simulation can be performed with the
model. Second, a model for imitating users’
shopping behavior is needed. Third, a model is
needed for finding the rational behavior of users
pursuing efficiency.

In order to develop the models, this research
has modified and extended the models pre-
sented in a related work [Ahn, 2008]. First, the
abstract model of an Internet store consists of
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a main menu and many sub categories under
the main menu. The sub categories cannot have
further sub categories. Products in the store
can belong to more than one category. Users
can choose a product while browsing each cat-
egory to see detailed information about the
product. In this product detail page, the store
presents a list of products as recommendation
to the user.

Second, the user behavior model assumes
that users will choose and browse a category
that is most likely to yield the highest effi-
ciency in shopping based on the estimation of
the success probabilities of each category. That
18, users have estimations about how successful
each category would be in finding products that
they are interested in. This estimation is up-
dated as they browse products in each category.
Based on this updated information, users can
switch between categories whenever a better
category 1s found. When presented a list of rec—
ommended products, users can choose to accept
the recommendation and view the product or
may just ignore the recommendation depending
on the user'’s trust of the store’s recommenda-
tion.

Third, this paper also adopts the meta—-heu—
ristic approach to find the rational behavior of
users [Ahn, 2008]. The user behavior model ex-
plained in the above paragraphs has several pa-
rameters that need to be fixed for the rational,
or optimal, behavior, and hence evolution strat-
egy, a meta-heuristic, was applied. Readers are
referred to [Beyer and Schwefel, 2002] for a de-
tailed introduction to the heuristic. The optimi-

zation using the meta-heuristic finds the best

values of the following parameters :

o The length of observation for updating the
estimate of the success probability of a
current cafegory.

¢ The difference threshold that will trigger
switching to a different category. That is,
if a better category exists whose success
probability is bigger than that of the cur-
rent category plus the threshold, a user
will make switching to the better one.

e Trust of recommendation which ranges
between 0~1. This will determine the pro-
bability of a user’s accepting recommen-
dation. If trust i1s 1, recommendations will
always be accepted. If it is 0, recommen-
dations will never be accepted.

¢ Upper bound on the number of recommen-
dations taken from a single product. That
1s, this sets the limit on the number of rec-
ommendations taken starting from a cer-

tain product in a certain category.

Along with the above, a simple cost model
was developed to measure and compare the
costs of user's browsing during the simulation.

The cost model has four components :

e Component 1 : time taken to review a
chosen product

¢ Component 2 : time taken to select a prod-
uct among a list in a category

e Component 3 : time taken for every click

e Component 4 : time taken to return o a
previous page, or pressing the ‘Back’ but-

tons of the browser



22 JOURNAL OF INFORMATION TECHNOLOGY APPLICATIONS & MANAGEMENT

Using the above components, the meta-heu-
ristic can measure how many time units it
takes to accomplish a given shopping goal for
each user with different behavioral parameters.
By having a large population of experimental
users and evolving the users through mutation
and cross-over, the heuristic can find optimal
or near optimal values of the parameters. The
parameters are then assumed to represent the
rational behavior of customers in the abstract

Internet store.

4. Experiments

4.1 Goal of the Experiments

Several experiments were performed to illus—
trate how the models could be used as an alter-
native way of evaluating a recommendation
method as explained in the previous section. In
addition to this basic purpose, the experiments
also aim to answer the following two interest-

ing research questions.

Question 1 : Is recommendation useful for all

users?

Recommendation systems have been generally
known to be useful through many experiments
and empirical studies. However, it may not be
so for all users because different users have
different characteristics and shopping behavior.
Hence, a simulation experiment will attempt to
find out whether all users can improve their
shopping efficiency using a recommendation

system.

Question 2 :Is the usefulness of recom-
mendation affected by the use-

fulness of other functions?

Because there might be alternative paths or
routes of browsing for desired products, the
usefulness of a recommendation system might
be affected by that of other functions that also
help users improve shopping efficiency. There-
fore, an experiment will be performed that var-
ies the usefulness of some other functions and
see the impacts on the relative usefulness of a

recommendation system.

42 Overview of the Experiments

In order to perform the experiments, a virtual
Internet store was constructed based on the
models introduced earlier together with data on
many movies, categories, and shoppers. More
specifically, the dataset from the Netflix contest
[Netflix, 2007] was reduced to a dense set of
1,000 most rated movies and 1,000 users with
most ratings so that we can have as dense da-
taset as possible for the experiments. The re-
duction created a dataset with more than 80
percent of all possible ratings available, which
means we know which product is preferred
how much by each user for 80 percent of the
all user-movie pairs. The 20 percent unknown
ratings were regarded as non-preferred. This
dataset was also combined with another dataset
from Internet Movie Database (IMDB) [IMDB,
2008] to associate movies with 24 categories :
{Action, Adult, Adventure, Animation, Biography,
Comedy, Crime, Documentary, Drama, Family,
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Fantasy, Film-Noir, History, Horror, Music,
Musical, Mystery, Romance, Sci-Fi, Short, Sport,
Thriller, War, Western}. This combination of
data was fed to the abstract Internet store model
creating a virtual online DVD store where there
are 24 movie categories and each movie may
belong to multiple categories.

Among the 1,000 users, half of them were
used for calculating association between mov-
ies and the other half were used as actual shop-
pers for the simulated shopping experiments.
The association between any two products was
produced using Pearson’s correlation of the rat-
ing vectors of the two.

Experiments were performed with 50 ran-
domly chosen users among the 50X shoppers in
the combined dataset. For each user, evolution

strategy was applied to optimize the behavioral

parameters of the user that maximizes the shop—
ping efficiency.

In all of the experiments, the following values
in <Table 1> were used for the configuration
of the experiments. It lists the four components
for calculating shopping costs, the parameters
for running the optimization, and the goal for
shopping. Readers can note that each user
should find information about 20 products that
match their shopping goal to finish browsing.

Basically two experiments were performed to
answer the research questions. The first ex-
periment compared the effect of using recom-
mendation in comparison with the effect of
sorting each category according to the average
rating of each product. The second experiment
investigated whether the relative usefulness of

the recommendation varies as the usefulness or

{Table 1) Experiment Configuration

Category Configuration Variable Value
Component 1 20
Component 2 3
Cost components
Component 3 1
Component 4 0.3
Number of population 100
Evolution strategy Number of individuals selected at 20
parameters each iteration
Number of maximum iteration 500
Number of desired products to be 20
browsed
Target products Products that belong to either of {Romance, Drama}
. i i higher than or equal to 4 by the given
Shopping goal with ratings higher than eq \ g
user
Searched categories Users were assumed to search for the targets in the
related categories : {“Drama”, “Romance”, “Action”,
“Family”, “Comedy”, “Musical”}
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{Table 2> Summary of the experiments

No Experiment type

Independent variable

Dependent variable

1 | Basic comparison

Whether recommendation was used or not
{research question 1 and 2) | Whether each category was sorted or not

Shopping performance

2 | Effects of sorting integrity
{research question 2)

Integrity {or noise) of sorting

The relative usefulness of
recommendation

the integrity of the sorting changes. For this,
each sorted category was given different levels
of noise by swapping two random products in
the sorted category for different number of times.

<Table 2> summarizes the two experiments.

4.3 Basic Comparison

<Figure 1> shows how effective it is to use
recommendation in comparison with sorting
cach category by average product ratings. It
can be seen that recommendation is useful in
improving the overall performance of the 50
tested users. However, it can also be noted that
using sorting alone is more effective than using

recommendation alone. The best result was ob-

served when both were used together.
<Table 2> shows the results of the first ex—
periment that is related with both research
guestion 1 and 2. First, we can note that not all
the 50 users accepted recommendations for ef-
ficient shopping. In the case of <Rec On, Sort
Off>, we can see that only 47 users accepted
at least 1 recommendation and 14 users did not
always trust recommendations. In the case of
<Rec On, Sort On> where sorting is also avail-
able, we can see that less users rely on recom-
mendation because only 39 accepted one or
more recommendations, and 25 users had trust
values less than 1. All the above results in-
dicate that recommendation may not always be
useful equally to all users for improving their

Basic Comparison

1500

1300

1100

Costs

Rec Off, Sort Off  Rec Off, Sort On

Rec On, Sort Off  Rec On, Sort On

(Figure 1) Basic Comparison of the Effects of using Recommendation and Sorting Categories (Rec On/Off for using/not using
recommendation; Sort On/Off for sorting or not sorting each category)
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(Table 3> Number of users who accepted recommendations and number of users with different trust values

Rec On, Sort Off Rec On, Sort On
Number of users who accepted at least 1 47 39
recommendation
Number of users with Trust = 1 36 25
Number of users with 0 < Trust < 1 14 25
Number of users with Trust = 0 0 0

shopping efficiency. Moreover, in relation to re-
search question 2, it also shows that the avail-
ahility of another function, sorting in this case,

affects the acceptance of recommendation as well.

44 Effects of the integrity of sorting

The next experiment shows the effects of

different integrity levels of sorting categories.
That is, it was tested if the usefulness of the
recommendation varies if the quality or in-
tegrity of sorting changes. In order to manipu-
late the levels of integrity, random noise was
created to the order of products in each cat-
egory after regular sorting. The noise was pro-

duced by swapping two random products in

1100
,:'%
1000 e e R
,/'w
900 Ao sggg B —e— (A} Rec On, |
“ .
@ Sort On
3 -3 (B) Rec OF,
800 ' SortOn
700 1
600 -
0O 5 10 15 20 25 30 35 40 45 50 655 60 65 70
Noise to Sorting
Difference (%) in the Costs Between (A) and (B)
26.0
22.0
o
b & g0
=
a
14.0
10.0

o] 5 10 15 20 25
Noise to Sorting

30 35 40 45 50 55 60 65 70

(Figure 2] Upper chart for the effects of the integrity of sorting for the two options: lower chart for percentage difference
calculated as [{Performance of (A)-Performance of (B)}/Performance of (A) x 100]
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each category for a varying number of times,
where more swapping implies less integrity of
sorting. The results are shown in <Figure 2>.

First, the upper chart shows the changes in
the shopping costs as the noise increases from
0 to 70, where 70 implies that each category
was given 70 times of random swapping. The
chart shows the costs in two cases : (A) when
sorting 1s used but recommendation is not used,
and (B) when both sorting and recommendation
1s used. It can be observed that the costs in-
crease as more noise is fed to the categories.
In order to address the research question 2, the
lower chart shows the relative contribution of
recommendation as the noise increases. It is
observed that the relative difference also in-
creases which implies that the recommendation
can be relatively more useful when sorting has

less integrity and is less useful.

5. Discussion and Conclusion

5.1 Discussion

The results and the findings of the experi-
ments can be summarized as follows. First, the
experiments showed how the research models
can be combined together with users’ ratings
data to evaluate the effects of personalized
product recommendation using simulation. Second,
the experiments themselves yielded some in-
teresting results as well. The first experiment
showed that recommendation may not be
equally accepted by all users, and that some
users may even find the function not helpful.
The second experiment showed that the relative

usefulness of recommendation increases as the

quality of sorting in the categories decreases.

There are meaningful practical implications
from the research. First, the research presented
a novel method for evaluating the usefulness of
product recommendation directly at lower costs
compared with the existing methods of eval-
uation. The presented approach allows us to
evaluate recommendation systems without fully
or partially implementing an Intermet store, and
without involving human participants. Second,
the experiments performed to illustrate the use
of the models showed that recommendation may
not always be equally useful to all users. This
suggests that different users might find differ—
ent methods or styles of browsing more suit-
able for themselves. Internet stores might uti-
lize this result by allowing the use of many dif-
ferent customer-aid functions, or by allowing
the customization of shopping methods for users
so that each user can find and adopt their own
methods of shopping that can maximize their
shopping efficiency.

There are also some himitations and further
research issues remaining. First, the presented
models are abstract ones that have simplified
many structural components of Internet stores
and customer behavior. The models need to be
extended and refined to be used for analyzing
real Internet stores with many different cha-
racteristics. Second, although the experiments
yielded very interesting results, the findings
need to be interpreted carefully. Because the
main goal of this research is to present and il-

lustrate a new method of evaluating recom-

" mendation systems, the experiments were per—

formed with a limited set of configuration vari-
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ables and their fixe values. Hence, adopting
more variables or using different values of the
experiment variables may produce different
results. Third, the presented approach is for
evaluating ‘similar item recommendation’ only.
Hence, other styles of recommending products

may again need modification of the models.

5.2 Conclusion

This paper presented a novel approach to
evaluating personalized product recommendation
systems af Internet stores, and illustrated the
use of the approach through experiments using
a virtual online DVD store. This research has
several key contributions. First, this research
introduced a new method of evaluating item-—
based product recommendation without the
need of expensive experiments involving hu-
man participants or working Internet store
systems. Second, the results of the experiments
showed that recommendation may not always
be helpful for all users equally. It suggests that
more variety of functions or customizations of
functions may be needed to address the different
behavioral characteristics of customers. Although
there are several further research issues re-
maining as discussed, the author believes that
the careful application of the approach of this
paper can help researchers and practitioners to
better develop, analyze, and improve personal-
ized product recommendation methods for
Internet stores.
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