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Recommendation systems that provide appropriate solutions to users to reduce their decision complexity
have become popular in the Internet world. Designing and evaluating such systems remain essential
challenges to researchers and practitioners. Toward that end, a critical task is how to obtain user prefer-
ences. Mobile phones have become indispensable in everyday life, yet fierce market competition, charac-
terized by rapid introductions of different models with novel designs and advanced features, have made
consumers’ purchase decision making increasingly complex. As a well-established, multiple criteria deci-
sion technique, analytic hierarchy processing (AHP) provides an intuitive model of a hierarchical struc-
ture capable of supporting complex product comparisons and evaluations by consumers. In this paper,
we illustrate the application of an AHP-based mechanism to develop a Web-based recommendation sys-
tem and empirically evaluate the prototype by conducting a controlled experiment with 244 mobile
phone users, focusing on both content and system satisfaction. Our evaluation includes benchmark sys-
tems built on rank-based analysis and an equal weight-based system as comparative baselines. Overall,
the results suggest the viability and value of using AHP to construct effective recommendation systems.
Subjects appear satisfied with the recommendations by the AHP-based system, though its relatively
demanding input requirements may need mitigation and adequate interface designs. This study contrib-
utes to research and practice in recommender systems in general and helps develop mobile phone rec-
ommendation systems for online stores and consumers in particular.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction approaches are no longer adequate. Rather, recommendations need

to rely on product attributes and user decision criteria.

With the growing penetration of the Internet and e-commerce,
personalized recommendations that identify appropriate products
or services for customers to reduce their information load and
search costs become increasingly critical. Many online vendors,
including Amazon and Netflix, have implemented recommendation
systems to assist their consumers. However, central to the develop-
ment of an effective recommendation system is identifying cus-
tomer preferences, which can be analyzed by previous shopping
history or eliciting customers’ purchasing criteria. For example, a
system might use previous shopping history to suggest complemen-
tary products (e.g., recommending cereal to customers who buy
milk). Yet when the consumer already has decided to buy a product,
and just needs to select the brand or model, such simple data mining
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For example, multiple criteria decision methods (MCDM), such
as analytic hierarchy process (AHP) methods, help offer recom-
mendations when decisions involve trade-offs among different
decision criteria. In prior research into AHP, studies target problem
analysis and formulation or system design and implementation,
without addressing the user experiences of these techniques on-
line, even though such issues are critical for the application of
AHP in electronic commerce and Web-based decision support.
We attempt to demonstrate the use of the AHP technique in a mul-
ti-criteria product recommendation in the context of a Web-based
mobile phone recommendation system. Our application demon-
strates the technical feasibility of the system, as we demonstrate
empirically through a performance comparison with two bench-
mark systems based on users’ satisfaction.

We choose the mobile phone selection process as our study
context for several reasons. First, as mobile phones become
increasingly indispensable in everyday life, the number of users
worldwide has grown from 170 million in 1996 to 2.5 billion in
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2006, an average growth rate of 230 million users per year (Pyra-
mid Research, 2006). In some countries or regions, such as Taiwan
and Hong Kong, mobile phone penetration has exceeded 100%
(NCC, 2006). A growing number of brands and models compete
in this fierce market on the basis of innovative design and ad-
vanced functionality. As a result, product comparisons by consum-
ers are becoming more and more difficult, thus favoring the use of
a computer-based decision support system to assist consumers in
finding what they need or want.

Second, mobile phone selection involves a set of variables, which
means we can formulate it as a MCDM problem (Ahn, 2006; Mac-
Crimmon, 1973). Analyses of consumer behavior can identify salient
preferences for or expectations about design, functionality, features,
appearance, and price. The resulting product search space, de-
scribed by combinations of these variables, can be cognitively over-
whelming for consumers whose limited processing capacity may
not support consistent, systematic comparisons. A system-based
approach to support consumers’ mobile phone selections can miti-
gate the information overload problem and increase their satisfac-
tion, particularly when it features easy-to-use, Web-based
recommendation systems (Liang, Lai, & Ku, 2006). The use of an
established MCDM technique to design a recommendation system
that can perform efficient and consistent product analyses and com-
parisons based on customer-provided preferences and constraints
is desirable because of its well-formulated analytical basis and sys-
tematic analysis (Ahn, 2006; MacCrimmon, 1973; Ryu, 1999). This
system-based approach also can reduce the stringent search costs
consumers suffer in the form of time or cognitive processing
requirements, which should increase their satisfaction. In particu-
lar, we adopt the AHP method, which uses pairwise comparisons,
explicitly specifies the analysis, and provides robust built-in consis-
tency assessment, validated measurement scales, intuitiveness, and
ease of use (Saaty, 1980, 1988; Saaty & Kearns, 1991).

A good recommendation system should be able to improve user
satisfaction, a key attribute for customer loyalty and continued use
(Taylor & Todd, 1995), which is indispensable to information sys-
tems success (DeLone & McLean, 1992, 2003). Measures of user
satisfaction with a recommendation system rely of the recommen-
dation content and the system itself. For example, Doll and Tork-
zadeh (1988) examine user satisfaction from both information
and system perspectives and consider them two closely related
but distinct constructs. Liang et al. (2006) measure user satisfac-
tion with personalized services by focusing on both the system
and its contents. We similarly concentrate on user satisfaction with
a system and its recommendations, hereafter referred to as system
satisfaction and content satisfaction, respectively.

Specifically, we empirically evaluate the superiority of the AHP-
based system in a controlled experiment with 244 mobile phone
users, compared with benchmark systems that use rank-based
and equal-weight methods to make recommendations. Our exper-
imental results show that the AHP-based system induces greater
user satisfaction than do the benchmark methods. In turn, this
study contributes to extant literature by demonstrating the viabil-
ity and desirability of Web-based recommendation systems for
consumers’ mobile phone selections, and it further underscores
the value of established MCDM techniques to support complex
product selections. The results we obtain also generalize to similar
decision-making scenarios in other application domains.

The remainder of this paper is organized as follows: Section 2
describes the task of mobile phone selection and provides an over-
view of the AHP technique. Section 3 explains our AHP model for
mobile phone selection, constructed in accordance with the general
AHP process, and discusses the associated attribute measurement
normalization. In Section 4, we describe our system architecture
design and implementation, followed by discussions of our hypoth-
eses and evaluation study design in Section 5. Section 6 highlights

the key evaluation results and their implications. We conclude in
Section 7 with a summary and future research directions.

2. Background overview and motivation

In this section, we analyze the mobile phone selection problem,
summarize the AHP technique, and highlight our motivation.

2.1. Mobile phone selection decision and personalized
recommendation support

The rapid expansion of product variety and continually com-
pressed product cycle times have made mobile phone selection
increasingly challenging for consumers. The resulting product
search space is enormous, making a manual approach to consistent
product selection time-consuming and difficult, if not impossible.
A system-based approach, in contrast, can support systematic eval-
uations and consistent comparisons while mitigating the cognitive
processing and time required of consumers.

Recommendation systems are (online) computer-based soft-
ware capable of automatically identifying appropriate choices from
a large number of alternative products, on the basis of some spec-
ified criteria. A personalized recommendation system supports
individual consumers’ decision making by considering their prefer-
ences or constraints. Various analytical techniques focus on impor-
tant product attributes or contents, employ collaborative filtering,
or anchor for item correlation analysis; for example, data mining
remains a popular technique for collaborative filtering or attri-
bute-based recommendation. Most previous research also concen-
trates on product search support that enables individual
consumers to locate relevant, prospective products. However, for
decisions that involve trade-offs among multiple criteria, few
researchers consider the identification of user purchasing criteria
or delicate comparisons during the decision process, especially on-
line, which may be more challenging than traditional product
searches (Schafer, Ben, & Riedl, 1999).

For many consumers, comparing decision alternatives involves
various brands and models that differ in design, functionality, fea-
tures, and appearance. Choosing an appropriate phone from a large
set often requires a substantial amount of effort and time. Mobile
phone selection usually involves a set of variables (e.g., design,
functionality, features, and price) and thus can be modeled as a
MCDM problem. Among the different MCDM methods or tech-
niques, AHP supports complex decision-making tasks and has been
applied to many domains, such as system (software) selection (Ce-
beci, 2009; Lai, Trueblood, & Wong, 1999; Lai, Wong, & Cheung,
2002; Yazgan, Boran, & Goztepe, 2009), investment risk assess-
ment (Azis, 1990), automobile purchases (Byun, 2001), and deci-
sion support system (Cakir & Canbolat, 2008). Chen, Jeng, Lee,
and Chuang (2008) use AHP to integrate group’s preferences to
facilitate a consumer-to-business transaction model. Moreover,
AHP can be used to develop recommendation systems (Huang &
Bian, 2009). It is capable of integrating a person’s judgments in a
multidimensional space to produce a single, overall ranking of
the competing products. Hence, AHP provides a proper tool for
developing a mobile phone recommendation system.

2.2. An overview of AHP

As a well-established, multi-criteria decision support technique,
AHP can generate an optimal choice from a set of alternatives, in
accordance with specified evaluation criteria or user-provided pref-
erences (Mitra, 1995). This technique supports complex decision-
making tasks in various domains, including information systems,
management, finance, engineering, and environmental assessment.
In general, AHP approaches a decision task from both qualitative and
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quantitative perspectives and performs reasonably effectively in
different decision-making tasks (Saaty, 1988; Saaty & Kearns, 1991).

To support consistent product comparisons and selections sys-
tematically, AHP generally includes three phases: decomposition,
comparative judgment, and priority synthesis (Saaty, 1980, 1988;
Saaty & Kearns, 1991). In the decomposition phase, it formulates a
decision task using a hierarchical structure, such that the highest
level represents the overall objective and lower levels denote the
main evaluation criteria, sub-criteria, and alternatives. In the sub-
sequent comparative judgment phase, AHP constructs a comparison
matrix at each level according to the user’s pairwise assessments of
the criteria or sub-criteria under consideration. Finally, the priority
synthesis phase calculates a composite weight (or score) for each
alternative (e.g., product) from the preferences extracted from
the matrix constructed in the previous phase. The resulting com-
posite weights generate a relative ranking of the alternatives under
examination (typically on a ratio scale), which then indicates an
optimal alternative.

The general process for applying AHP to analyze a decision
problem is as follows:

Step 1: Create a hierarchical structure of the decision problem by
recursively decomposing it into a set of criteria. The deci-
sion problem is represented by objective (evaluation) cri-
teria and alternatives. The objective is the root and
explicitly states what is to be achieved or optimized. The
criteria are derived from progressive decompositions of
the target decision problem. The alternatives reside at
the bottom of the hierarchy, denoting the competing prod-
ucts under consideration; that is, an optimal product will
be selected from these alternatives. The objective and cri-
teria jointly form a tree in which a criterion can be decom-
posed further into a set of sub-criteria until these sub-
criteria are able to assess each alternative on the basis of
its respective attributes. Domain experts usually construct
the AHP hierarchy by determining the exact number of
levels on the basis of their analysis and domain knowl-
edge, as well as the complexity of the decision problem.

Step 2: Assess the relative importance of different criteria by pair-
wise comparisons, and then calculate the principal eigen-
vector of the matrix obtained from comparative
assessments by the user. Each criterion corresponds to
an essential product attribute.

Step 3: Transform the results into corresponding link weights in
the AHP hierarchy and evaluate the consistency of the
weights. A small consistency ratio (CR) is preferable. Saaty
(1980) suggests repeating the pairwise comparisons until
the CR ratio reaches 0.1 or lower.

Step 4: Use the resulting link weights to evaluate each alternative.
For example, for this study, we generally multiply the weight
of each criterion and its sub-criteria along each branch of the
tree. The product of these weights represents the user pref-
erence, which can be mapped onto each attribute of the
alternative under examination. The attribute scores of an
alternative are comparable to those of other alternatives
(e.g., competing products). For each alternative, we multiply
the attribute scores and their relative branch weights to
obtain a score that denotes the overall assessment of that
alternative, then rank alternatives by their scores. The rank-
ing reflects calculated user preferences or constraints.

Fig. 1 illustrates a sample AHP hierarchy. The root represents
the objective; the leaf nodes denote alternative products A;; and
the decision criteria G; and Gj; reside in between. The solid lines
connect the criteria and the objective to form a decision tree,
whereas the dashed lines link alternatives to the leaf nodes of
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Fig. 1. A sample hierarchy structure of AHP models.

the tree. The link weights W; and W;; are determined by the user’s
inputs through the pairwise comparison of C; and Cjj, respectively.
In the figure, Sc,; i is the score of alternative A; with respect to cri-
terion Gj, and W; x Sc,ji is the portion of the score that the spe-
cific criterion receives in the overall evaluation of the competing
products. The resulting value propagates upward until it reaches
the root of the tree.

3. Constructing an AHP model for mobile phone selection

Effective AHP-based recommendation systems require an
appropriate model construction that considers all essential attri-
butes of the product and solicits their respective importance
(weights) from the user. We follow the AHP procedures described
in the previous section to obtain consumer preferences or con-
straints through a pairwise comparison process and build a recom-
mendation system accordingly.

3.1. Constructing an AHP Hierarchy for mobile phone selection

In general, consumers are satisfied with a product when its
properties fit their preferences (Jahng, Jain, & Ramamurthy, 2000,
2006). To develop an effective recommendation system, we must
first identify the key product attributes that consumers use to
select and purchase their mobile phones. We conduct extensive
reviews of relevant product descriptions and documents (e.g.,
industry analysis reports, customer reports, leading business mag-
azines, and major vendors’ Web sites) and identify five essential
selection criteria: brand, price, hardware feature/functionality, ba-
sic built-in functions, and extended built-in functions. Except
brand and price, each criterion encompasses several sub-criteria.
To determine the relative importance of these decision criteria
and sub-criteria, we conduct a survey and obtain responses from
48 phone users from a randomly selected sample of 98 potential
respondents (i.e., effective response rate of 49%). On the basis of
their responses, we identify the top five sub-criteria for the hard-
ware feature, basic built-in functions, and extended built-in func-
tions. The internal consistency of our question items seems
satisfactory, as suggested by a Cronbach’s alpha value of 0.67 for
hardware, 0.83 for basic built-in functions, and 0.88 for extended
built-in functions. Fig. 2 depicts the resulting hierarchical structure
of our AHP model for mobile phone selection.

Brand: Brand generally refers to the name, term, design, symbol,
or other feature that identifies one provider’s goods or service
as distinct from those of other providers (Kotler, 2002). A brand
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Level 1 Mobile phone purchasing decision
Level 2 Brand Price Hardware Basic Built-in | |Extended Built»in
Features Functions Functions
* Style * Polyphonic ring tones | |* Digital camera
* Weight * Phone book capability | [¢ Resolution of camera
Level 3 ¢ Color * Calendar/schedule * Flash disk capability
e Standby time * Booklet e Theme download
o Talk time * Password lock * MMS support

Fig. 2. Hierarchical structure of the AHP model for mobile phone selection.

may identify a product, a product family, or all products of a
provider. Brand is an important attribute that signals the overall
image of a product (Boyd & Mason, 1999). Our study includes
five global brands (Nokia, Motorola, Samsung, SonyEricsson,
and LG) and four additional leading brands in the Taiwanese
local market: Siemens, BenQ, OKWAP, and Panasonic.!

Price: Price is a critical factor in most consumer purchase deci-
sions and often serves as a quality indicator (Mitra, 1995). The
importance of price in purchase decisions also may result partly
from budget constraints.

Hardware features: Mobile phones often vary in design and fea-
ture. Our analysis indicates that consumers pay close attention
to several hardware features in their phone selections, includ-
ing appearance design, weight, color display and resolution,
and battery capacity (affecting talk time and standby time).
Basic built-in functions: In addition to hardware features, con-
sumers value software functionality. The basic built-in func-
tions are essential to all models, though their specifics may
differ between or among models (e.g., polyphonic ring tones,
phone book, booklet, calendar/schedule, and password lock).
Advanced built-in functions: Advanced functions represent soft-
ware features that exist in some but not all models for differen-
tiation purposes. Our analysis suggests the importance of
several advanced functions, including digital camera and reso-
lution, flash disk extension capability, theme download, and
multimedia messaging services (MMS).

3.2. Preference collection and normalization

After constructing the decision hierarchy, we must gather user
preferences and the relative importance of these respective criteria
or sub-criteria, for which AHP employs a systematic method that
supports pairwise comparisons of different attributes. For example,
we ask users to compare the color and weight of a mobile phone
and determine which is relatively “more important.” Using AHP,
we can draw from users’ preferences the weight of each criterion
in the AHP hierarchy, ranging between 0 and 1.

Because the comparison is based on attribute pairs with differ-
ent natures, we need to normalize the result before processing it
further. We therefore transform the collected mobile phone attri-
butes into a common 0-10 scale on which 0 denotes “worst” and
10 indicates “best.” For example, prices of mobile phones range
from $100 to $1,000. We adopt the positive trapezoidal fuzzy num-
bers approach to convert “price” into the common scale so that we
can analyze the impact of price on consumers’ decisions. Specifi-

! Together, the five global brands accounted for approximately 80% of the global
mobile phone market in the second quarter of 2006 (Gartner Dataquest, 2006).

cally, we use a positive triangular fuzzy numbers extension that re-
quires three user-provided parameter values: the maximal price
(c), the minimal price (a), and the most preferred price (b). The
membership function pA(x) is defined as follows:

u?\(x): O<a<b<e

o= o
LT
o
N
x
IN N

o
=
V
a

For subjective attributes (e.g., brand, color, design style), we use
a five-point Likert scale to collect consumer assessments. For
dichotomous features (e.g., whether a mobile phone has a poly-
phonic ring tones, calendar/schedule, booklet, password lock, digi-
tal camera, theme download, or MMS), the presence of a feature
receives a score of 10, and its absence obtains a score of 0. For attri-
butes with objectively measurable features (e.g., weight, standby
time, talk time, phone book capability, camera resolution, and flash
disk capability), we rely on a rank list to demonstrate the relative

Table 1
Attribute scale normalization methods.

Mobile phone’s attributes Scale normalization methods

Brand Five-point Likert scale
Price Positive trapezoidal fuzzy numbers
Hardware Style Five-point Likert scale

Features Weight Rank and convert the order into

arithmetical series from O to 10
Color Five-point Likert scale
Standby time  Rank and convert the order in
arithmetical series from O to 10

Talk time Rank and convert the order to
arithmetical series from 0 to 10
Basic built-in Polyphonic Nominal scale (0 or 10)
functions ring

Phone book Rank and convert the order in

capability arithmetical series from 0 to 10

Calendar/ Nominal scale (0 or 10)

schedule

Booklet Nominal scale (0 or 10)

Password lock Nominal scale (0 or 10)

Extended built-in  Digital Nominal scale (0 or 10)
functions camera
Resolution of ~ Rank and convert the order in
camera arithmetical series from O to 10
Flash disk Rank and convert the order in
capability arithmetical series from O to 10
Themes Nominal scale (0 or 10)

downloading

MMS support  Nominal scale (0 or 10)
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positions of different phone models; we then convert these posi-
tions into relative scores: 10 for the highest position, 0 for the low-
est, and the remaining follow an arithmetical series order. For
example, there are five attributes A through E and the rank list is
B, C, D, A, E. In this case, attribute B receives a score of 10; 7.5 for
attribute C; 5 for attrite D, 2.5 for attribute A; and 0 for attribute E.

Table 1 summarizes the different scales used in our study, to-
gether with their normalization.

4. Architecture design and system implementation

We design and implement a prototype in accordance with the
AHP hierarchical structure described in Section 3. This prototype
system is then compared with two benchmark systems, one with
a rank-based analysis and another with an equal weight-based
system.

The rank-based system determines the relative importance of
an attribute by its relative rank among all attributes. Such systems
are generally considered reliable and easy to use (Eckenrode,
1965). As Watson and Buede (1987) note, rank-based analysis

8205

can solicit the relative weight of different attributes from a deci-
sion maker. For each investigated criterion, the rank-based system
lists the attributes and asks subjects to identify the top five in
descending order. We adopt the following weights for the resulting
prioritized attributes: 5/15, 4/15, 3/15, 2/15, and 1/15. In another
benchmark system, equal-weight, the user does not specify the
attribute weight; instead, each attribute is equally important (i.e.,
receives an equal weight).

As shown in Fig. 3, the recommendation system follows a three-
tier architecture: client, server, and backend database. On the cli-
ent side, the attribute comparison module gathers a user’s prefer-
ence about the mobile phone attributes through pairwise
comparisons. On the server side, the AHP calculation module per-
forms the calculation of weights and scores. The back-end e-store
database stores data and information about more than 200 mobile
phones. The system was implemented in a Microsoft Windows
environment using Internet Information Server (IIS) 6.0 as the plat-
form and Microsoft Visual Studio.Net for the development of our
front-end system. The back-end database was built in Microsoft
Access. Fig. 4 illustrates a screen shot for the pairwise comparison

- T ="~ """~ 1

I User | | |

I Interface : : I

l | i1 i

I | Attributes I I - I

: Comparison <:>I I e-store
ST R e o
: I : I

] ! | | AHP Calculation Module | l

I o _ ]

Client Server Database

Fig. 3. Architecture of the AHP-based recommendation system.
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Style O C 0 0 0
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Next

Hardware specifications pawr-wise comparison—
Please mput your preferences about mobile phone’s hardware specifications.

§
=
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i
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o1
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O FORROR RO Color
o 6. .6,0 Battery capability
O ROH RO RC3 Color
® & & © Battery capability
1 RCH RO RCY Battery capability

The estimation of battery capability includes standby time and talk time.

Fig. 4. A sample screen for pairwise comparisons (hardware features).
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A Recommendation results - Microsoft Internet Explorer EI@
A

Based on your preferences, we recommend the following five mobile phones to you.

SonyEricsgon T230

You can get this mobile phone at TomNet,
and the price is NT4288.

Samsung SGH-C108T

You can get thiz mobile phone at TomNet,

Siumens M55

Motorola V1350

Motorola V290

and the price is NT5200.

You can get this mobile phone at Synnex,

and the price is NT5190.

* You can get this mobile phone at TomNet,
and the price 13 NT3800.

g' You can get thiz mobile phone at Pchome,

W andthe price is NT5050.

Based on the recommendation results above, please input your degree of satisfaction.

Disagree

Fig. 5. A sample screen for system recommendation and evaluation.

process, and Fig. 5 is the screen that presents the system’s recom-
mendations and solicits user satisfaction assessments.

The prototype system allows a user to perform pairwise com-
parisons of different mobile phones on the basis of the respective
attributes, thereby obtaining his or her preferences or constraints.
The e-store database, shown in Fig. 3, contains comprehensive data
about different mobile phone models, together with appropriate
search capabilities. The database schema consists of the attributes
identical to those in Fig. 2. The system first collects preference data
from each pairwise comparison and then converts them into a nor-
malized scale, using the described normalization process. In turn,
the aggregated preference score indicates the most appropriate
phone models and makes recommendations accordingly.

5. Experimental evaluation of the AHP-based system

To evaluate the AHP-based recommendation system, we com-
pared it with two salient methods (i.e., rank-order and equal
weight-based), with respect to the user’s satisfaction with the rec-
ommendation (i.e., content) and system use in general. Content
satisfaction thus refers to the extent to which a customer is satis-
fied with the mobile phone models that a system recommends.
System satisfaction, in contrast, denotes the degree to which a cus-
tomer is satisfied with his or her use of and interaction with a rec-
ommendation system (e.g., ease of use, interface design) (DeLone &
McLean, 1992, 2003). We adapt question items from existing liter-
ature to measure content and system satisfaction, with some mod-
ifications to fit our context (DeLone & McLean, 1992, 2003). To
determine whether the AHP-based system makes better recom-
mendations for product selection, we posit the following two
hypotheses:

H1: Users are more satisfied with the recommendation by the
AHP-based system than with that by the rank-based system.

H2: Users are more satisfied with their use of the AHP-based
system than with that associated with the rank-based system.

Experimental design: We use a randomized between-groups
experimental design. Subjects in the treatment group use the
AHP-based system, whereas their control group counterparts
use a rank-based system. In the treatment group, subjects
assess the importance, in a pairwise comparison, of all attri-
butes pertaining to each decision criterion in the AHP hierarchy,
whereas the control group subjects evaluate only the top five
criteria of consumers’ purchase decision, supported by the
rank-based system. We examine the content satisfaction and
system satisfaction associated with each system, and compare
them with the content satisfaction of an equal-weight system.
For equal-weight system measures, users do not indicate the
relative significance of the attributes, because each of them is
considered equally important. The user interfaces and opera-
tions of the equal weight-system are identical to those of the
AHP-based system or rank-based system; therefore, we do not
compare the system satisfaction of the equal weight-system
with that associated with the AHP or rank-based system.
Subjects: We compiled a mobile phone user pool from multiple
sources and extended invitations by e-mail or phone to 500 ran-
domly selected individuals. A total of 266 agreed to participate
in the experiment voluntarily. We randomly assigned each sub-
ject to either the treatment or the control group. Most subjects
had undergraduate or advanced degrees, used the Internet
extensively (i.e., three hours or more a day), and had used
mobile phones for at least four years.

Experimental system: The experimental system includes three
modules: the AHP-based system, a rank-based system, and an
equal weight system.

Dependent variables: Our dependent variables are content satis-
faction and system satisfaction, consistent with the suggestions
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Rank Assign AHP

A
Rank -based AHP-based
Recommendation Module Recommendation Module

i

| Recommendation Results |

Compare that by
Equal Weight-based
Rec dation Module

Users’ Satisfaction Measure

Fig. 6. Overall experiment flow.

by Doll and Torkzadeh (1988), Jefferson and Nagy (2002), and
Liang et al. (2006). We explicitly differentiate the user’s satis-
faction with the recommendation by a system from satisfaction
with his or her use of the system, which can shed light on the
key source of user satisfaction, that is, the system’s recommen-
dation capability, its design, or both.

Experimental flow: Fig. 6 shows the flow of our experiment.
When they enter the password-protected experimental Web
site, subjects receive an introduction to the purpose and proce-
dures of the experiment, with a particular emphasis on the ano-
nymity they retain throughout our data collection, analyses,
and reporting. Each subject then completes a questionnaire to
provide his or her demographic background before starting
the actual experiment. We randomly assign them to the treat-
ment or the control group. In the treatment group, subjects pro-
ceed through the pairwise comparison in the following order:
hardware features, basic built-in functions, and extended
built-in functions. The system then recommends five mobiles
phone models (in descending order of preference) to each sub-
ject on the basis of his or her revealed preference. After receiv-
ing the recommendation, the subject reports his or her
satisfaction with the recommended phone models and the rec-
ommendation system in general.

Fig. 7 shows the overall flow of subjects’ use of the AHP-based
system. We employ a rank-based system to provide the control
group. Subjects identify the top five attributes in descending order
according to their preferences; we then assign weights of 5/15, 4/
15, 3/15, 2/15, and 1/15 to these attributes.

Fig. 8 shows the experimental flow for the rank-based system.
We compare both the AHP-based and rank-based systems with
an equal-weight-based system, which offers an appropriate base-
line for our comparative analyses.

Pretest: To ensure the validity of the experiment, 14 volunteers
participated in a pilot test before the actual experiment.? We
used their responses and suggestions to make several (minor)
changes to the experiment. First, we replaced talk time and
standby time with battery capacity, which essentially determines
both features. Second, we removed the resolution of the digital
camera from the advanced built-in functions, because its inclu-
sion often caused confusion among subjects during the pairwise

2 All pretest subjects are active phone users and are highly comparable to the
subjects in our study demographically.
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Fig. 7. The experimental flow of AHP-based recommendation.
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Fig. 8. The experimental flow of rank-based recommendation.

comparisons. These changes do not affect the overall experimen-
tal flow or the validity of our research.

6. Experimental results and discussion

Among the 266 participants, 14 failed to complete the experi-
ment, so we discard their data. We thus have 132 subjects in the
treatment group who used the AHP-based system and 120 subjects
in the control group who used the rank-based system. Among the
subjects using the AHP-based system, 8 display a CR that exceeds
the commonly recommended threshold of 0.1 and therefore are ex-
cluded from our subsequent analyses, resulting in an effective
sample size of 124.

Our subjects range between 20 and 40 years of age, and the gen-
der distribution is approximately 7-to-3 in favor of men. As sum-
marized in Table 2, we observe no significant between-group
differences in gender distribution, education background, or aver-
age Internet usage. The subjects in the treatment and control
groups also have comparable mobile phone experiences and report
a similar frequency of changing mobile phones.

Analysis of reliability: To assess the reliability of our measure-
ments, we examine their internal consistency on the basis of
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Table 2
Demographic information of experimental subjects.

Table 4
Analysis of convergent and discriminant validity.

Demographic dimension AHP-based system Rank-based system

Measurement item AHP-based system Rank-based system

Number Percentage Number Percentage Factor 1  Factor2 Factor 1  Factor 2
Gender Male 82 66.1 83 69.2 S-1 0.86 0.31 0.87 0.22
Female 42 33.9 37 30.8 ) 0.86 0.23 0.82 0.27
. s-3 0.90 0.23 0.90 0.16
Age (in years) ?gtz\;eder;S 0 0 1 0.8 2_4 8;; 8;; 8;1 331
-5 b ! .31 .77
s o SE e o
g;tgﬁf;g 38 306 35 29.2 5-8 0.23 0.87 0.22 0.82
Between 40 323 42 35.0 Percent of variances explained  80.36% 73.65%
30 and 40
Over 41 8 6.5 5 42
Education High 0 0 2 17 Analysis of convergent/discriminant validity: We examine the
chrIlli?/zlrsity/ 64 516 5 433 convergent and discriminant validity of our measurement
College ’ ’ instrument through principle components factor analysis (Hair
Master 58 468 65 542 et al,, 1998). As shown in Table 4, the factor loadings of the
Doctoral 2 1.6 1 0.8 items measuring the same construct (i.e., content satisfaction
Daily internet  Less than2 7 5.6 10 83 or system satisfaction) are significantly higher than those that
usage (h)  Between3 35 28.2 32 26.7 measure other constructs. The factors extracted from our anal-
and 5 ysis account for 80.36% of the variance in the AHP-based system
l:s;"‘éee“ CA gee = oA and 73.65% in the benchmark system. Therefore, our instrument
Between 9 24 19.4 21 175 shows adequate convergent and discriminant validity.
and 11 Hypothesis testing results: As Table 3 shows, the AHP-based sys-
Over 12 25 20.2 23 192 tem achieves an average of 3.20 in content satisfaction and 3.53
Number of Lessthan1 0.8 0 0 in system satisfaction, whereas the rank-based system earns an
years in 1 average of 3.06 in content satisfaction and 3.66 in system satis-
”msci)‘t‘fle Ere];"";e" 2 8 6.5 8 67 faction. This finding suggests the AHP-based system performs
B— Retweend 67 540 60 50,0 better than the rank-based system in generating appropriate
15 recommendations but worse in terms of overall system use.
Over 6 48 38.7 52433 One plausible explanation for this finding is that the AHP-based
Number of 0 4 32 3 25 system requires more inputs and tedious pairwise comparisons,
times 1 17 13.7 15 125 which hinder subjects’ satisfaction with their use of the system.
changed 2 34 274 35 29.2
g;loobrilee i ?g f;;‘ ?451 ﬁ)g To test H1, we perform a one-sample t-test to assess whether
More than 16 12.9 18 15.0 the average content satisfaction equals 3, the middle value on
5 the five-point measurement scale. If the result of the one-sample
Total 124 100 120 100 t-test significantly exceeds 3, users apparently are satisfied with

Cronbach’s alpha (Hair, Anderson, Tatham, & Black, 1998). Table
3 summarizes descriptive data for the items used to measure
recommendation satisfaction and system satisfaction. The alpha
values range between 0.86 and 0.92, considerably higher than
the common threshold of 0.70. Thus, our measurement instru-
ment exhibits satisfactory reliability.

Table 3
Analysis of content and system satisfaction and reliability scores.

the recommendations by the system under evaluation. Table 5
summarizes our results, including the subjects’ satisfaction with
the recommendation by the respective systems, using the equal
weight-based system as a comparative baseline.

We use a two-sample t-test to determine whether the content
satisfaction resulting from the use of the AHP-based system equals
that associated with the rank-based system. As shown in Table 6,
we observe a higher content satisfaction through the use of the
AHP-based system compared with the rank-based system; how-

Measurement item

AHP-based system Rank-based system

Mean S.D. Cronbach’s alpha Mean S.D. Cronbach’s alpha
S-1: The system’s recommended phones meet my requirements 3.15 1.02  0.92 2.95 097 0.89
S-2: The system’s recommended phones satisfy my specifications 3.23 0.96 3.16 0.92
S-3: I am satisfied with the precision of the recommended phones by the system 3.07 0.96 2.93 0.99
S-4: Overall, I am satisfied with the system’s recommendations 335 1.06 3.21 1.06
Average 3.20 0.89 3.06 0.87
S-5: 1 find that the system’s operations are clear 3.56 095 091 3.63 1.04 0.86
S-6: I find that the information presented by the system is clear 3.44 0.97 3.58 0.98
S-7: The system’s user interface is user-friendly 3.52 1.01 3.68 0.96
S-8: Overall, I am satisfied with the system’s ease of use 3.60 0.98 3.76 0.93
Average 3.53 0.87 3.66 0.82

This system produces better recommendations than those by the equal-weight based system 3.15 1.03 2.88 1.10
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Table 5
Analysis of content satisfaction using one-sample t-test.

Construct AHP-based system Rank-based system

t-Value p-Value t-Value p-Value

Content satisfaction 2.48 0.01 0.80 0.43

Measurement item

The system’s recommended 1.59 0.11 -0.56 0.57

phones meet my requirements

The system’s recommended 2.70 0.01 1.89 0.06

phones satisfy my
specifications

I am satisfied with the accuracy of 0.84 0.40 —0.74 0.46

recommended phones by the
system

Overall, I am satisfied with the 3.64 0.00 2.15 0.03

system’s recommendations

This system produces better 0.17 0.12 -1.24 0.22

recommendations than those
by the equal weight-based
system
Table 6
Analysis of content satisfaction using two-sample t-test.

Construct Levene’s t- p-
test p- Value Value
value

Content satisfaction 0.947 1.221 0.223

Measurement item

The system’s recommended phones meet my 0.125 3.050 0.003

requirements

The system’s recommended phones satisfy my 0.385 3.142 0.002

specifications

Compared with my satisfaction with the 0.330 1974 0.05

recommended phones by the equal-weight
based system

ever, this improvement is not significant statistically. When we
analyze the content satisfaction at the item level, we observe sta-
tistical significance in two measurement items for the AHP-based
system versus the benchmark system and the equal weight-based
system. Thus, our data partially support H1 at the item level and
suggest that the use of the AHP-based system may generate greater
content satisfaction than does the rank-based system.

We also perform a one-sample t-test to test H2. The results, as
shown in Table 7, indicate that the improvement in system satis-
faction resulting from the AHP and the benchmark rank-based sys-
tems are both significantly positive with respect to the middle
value. As summarized in Table 3, system satisfaction associated
with the rank-based system is higher than that of the AHP-based
system, but the difference is not significant statistically. Hence,
we conclude that H2 is not supported; that is, the system satisfac-

Table 7
Analysis of system satisfaction with respect to the middle value.
Construct AHP-based Rank-based
system system
t- p- t- p-
Value Value Value Value
System satisfaction 6.806 0.00 8.840 0.00

Measurement item

I find that the system’s operations are clear 6.53 0.00 6.64 0.00

I find that the information presented by the 5.07 0.00 6.50 0.00
system is clear

The system’s user interface is user-friendly 570 0.00 7.68  0.00

Overall, I am satisfied with the system’s 6.89 0.00 8.97 0.00
ease of use

tion resulting from the use of the AHP-based system is not higher
than that associated with the rank-based system. According to our
post hoc analysis, subjects need to provide fewer inputs when
using the rank-based system compared with the AHP-based sys-
tem. Therefore, the tedious pairwise comparisons required by the
AHP-based system seem to make subjects’ use of and interaction
with the AHP-based system more difficult.

Overall, our findings show the viability and value of using the
AHP technique to construct effective Web-based recommendation
systems for mobile phone selection. As highlighted by our experi-
mental results, customers are satisfied with the recommendations
offered by the proposed AHP-based system but need to provide
more inputs and assessments when using the system. In turn, this
finding suggests the need to relax the stringent input requirements
common to recommendation systems built on the basis of the AHP
technique, as well as the demand for adequate interface designs
that can improve users’ satisfaction with using the system.

7. Conclusion

In this paper, we have presented the design, implementation,
and evaluation of an AHP-based recommendation system that
can help users select proper mobile phone models based on their
preferences. Our experiment indicates that user satisfaction with
the recommendation from the AHP-based system is higher than
those from the rank-based and equal weight systems, but not bet-
ter in terms of user satisfaction with the system due to its lengthy
process of eliciting user preferences.

From a research perspective, our study illuminates the feasibil-
ity of using the AHP technique to support consumers’ online mo-
bile phone selections. In electronic commerce, we could apply
this AHP-based system for product recommendations to consum-
ers on the Web and thereby provide an intelligent transaction plat-
form. If consumers are willing to provide their preferences, an
online system could perform automated search-and-match func-
tions to generate appropriate recommendations.

With regard to practice, we design and implement a viable Web-
based recommendation system and empirically demonstrate its
effectiveness. Our architecture design and implementation are scal-
able and can be extended to support similar product search/compar-
ison problems. Overall, we show that the AHP method can be used as
a core algorithm for automated recommendations in complex prod-
uct search spaces. Our study also has implications for designing and
using intelligent e-commerce software agents that offer autonomy,
reactivity, and proactiveness (Wooldridge & Jennings, 1994) to sup-
port consumers’ decision making (Liang & Huang, 2000). For exam-
ple, an (intelligent) agent could automatically gather essential
product information from identified Web sites and, using prefer-
ences previously collected from the consumer, identify products
appropriate for him or her. The solicitation of the consumer’s prefer-
ences or constraints would be greatly facilitated by the AHP process,
which can be augmented with appropriate data mining techniques
for automatic preference/constraint discovery. We use AHP to cap-
ture and represent the user’s preferences or constraints and thus
demonstrate the feasibility of using this technique to build compu-
tational algorithms that would enable software agents to discover
individual consumers’ preferences or constraints.

Our evaluation results point to several areas for extension in the
design and implementation of an AHP-based recommendation sys-
tem. First, the pairwise comparisons required by AHP-based sys-
tems are tedious and should be streamlined. Data mining may
provide a promising remedy that analyzes the user’s previous
behaviors to discover his or her preferences or constraints auto-
matically. In effect, researchers could develop more effective rec-
ommendation systems for complex product comparisons and
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selections by integrating data mining and AHP techniques. Second,
the transformation of qualitative attributes to quantitative mea-
sures represents a limitation of our AHP implementation, because
consumers likely maintain qualitative criteria when making their
purchase decisions. Although we propose a method for transform-
ing qualitative attributes, its applicability and effectiveness require
further extensions and evaluations.
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