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Objectives: This research was conducted to identify both the users’ service requirements on health information websites
(HIWs) and the key functional elements for running HIWs. With the quality function deployment framework, the derived
service attributes (SAs) are mapped into the suppliers’ functional characteristics (FCs) to derive the most critical FCs for the
users’ satisfaction. Methods: Using the survey data from 228 respondents, the SAs, FCs and their relationships were analyzed
using various multivariate statistical methods such as principal component factor analysis, discriminant analysis, correlation
analysis, etc. Simple and compound FC priorities were derived by matrix calculation. Results: Nine factors of SAs and five
key features of FCs were identified, and these served as the basis for the house of quality model. Based on the compound FC
priorities, the functional elements pertaining to security and privacy, and usage support should receive top priority in the
course of enhancing HIWs. Conclusions: The quality function deployment framework can improve the FCs of the HIWs in
an effective, structured manner, and it can also be utilized for critical success factors together with their strategic implications
for enhancing the service quality of HIWs. Therefore, website managers could efficiently improve website operations by con-
sidering this study’s results.
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l. Introduction

With the living standard rising and medical technology ad-
vancing, the public concerns about health care are shifting
from disease treatment to health promotion and preventive

medicine. People are seeking medical experts for health
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information and requesting a wide range of medical knowl-
edge [1]. Accordingly, supplier-centered health care systems
are rapidly turning into user-oriented ones. Adapting to such
a changing environment, the internet has emerged as a great
information source since it provides an easy access to a vari-
ety of health information that was not available to the public
in the past. As a result, health information websites (HIWs)
have become the most effective medium facilitating commu-
nication in the health care sector and satisfying the public’s
needs for health information.

Various sources have confirmed that HIWs play a vital
role in providing health information to customers. From
the health information provider perspective, it has been
estimated that there are 20,000 HIWs on the internet offer-
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ing information, expert advice and even drug prescriptions
[2]. On the other hand, from the consumer view, previous
studies suggested that more than half and as much as eighty
percent of internet users access it for health and medical
advice [3-5].The users even felt that the internet influenced
their decision-making and improved communications with
physicians [6]. Therefore, as an emerging field, e-health of-
fers many exciting prospects, to both the health professionals
as well as to the health consumers [7].

Given the unique nature and importance of the services
that HIWs provide, HIWs should be able to identify and
meet customer needs, thereby providing high-quality health
information. However, not many HIWs emphasize quality
of information processing and distribution. Moreover, most
of these websites are found to fall short of giving due con-
sideration to the service quality from the users’ perspective.
In fact, trustworthiness of HIWs often comes into question
as some HIWs provide misleading hype or information, for
which accountability is unclear [8,9].

Under this situation, the need to evaluate and improve ser-
vices of HIWs is growing. In fact, there have been some pro-
grams and guidelines proposed recently to evaluate HIWs
for a specific and practical purpose. For example, the third
party certification program is for a neutral institution (the
third party) to present appropriate quality management cri-
teria for website evaluation. Such a program provides vari-
ous methodologies and approaches for evaluation of website
operators as well as information providers including medical
experts.

There are, however, few academic researches on measur-
ing and developing the service quality of those websites.
Amongst rare studies on HIW service quality, Chung and
Park [10], Kang et al. [8] and Kim et al. [11] suggest some
criteria to evaluate services from user’s perspective [8,10,11].
For example, Chung and Park [10] lists 8 criteria including
intent, relevance, accuracy, trustworthiness, ease of use, au-
thority, backflow and continuity together with 32 other cri-
teria [10]. However, most take the supplier’s perspective and
focus on information characteristics and technical features
required of website operators as shown in such as Depart-
ment of Health and Human Services [12], and Risk and Pe-
tersen [13], barely addressing users’ requirements for HIWs.

However, these generic methodologies may fail to deli-
cately capture the industry-specific features. Furthermore,
they focus only on demand side, consequently limiting the
applicability to provide a clear guidance to website operators.
To overcome these limitations, requested is a more balanced
approach incorporating both demand side and supply side
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in the health service industry: that is, functional aspects of
service provision in HIWs and an in-depth understanding
of service elements that customers deem critical in order to
evaluate HIWs.

Therefore, we employ the quality function deployment
(QFD) framework to translate customers’ requirements into
specific service design factors [14-18]. The QFD graphical
display, called the house of quality (HoQ), provides a frame-
work of the QFD process. Based on the HoQ model, derived
are service attributes (SAs) perceived by website users and
functional characteristics (FCs) for website design and op-
erations. Then statistical analyses are conducted to link SAs
and FCs, as a way to map users’ requirements into suppli-
ers’ practices in a structured manner. The final purpose of
this paper includes the derivation of critical success factors
together with their strategic implications for enhancing the
service quality of HIWs.

Il. Methods

1. Research Model

Proposed here is a HoQ-based framework applied to the
HIWs to see how to improve the service quality and what
operational functions (FCs) to focus on. HoQ is built upon
two principal components: voice of customer (VoC) and
voice of engineer (VoE), which are embodied in SAs and
FCs, respectively. Furthermore, a matrix, the heart of the
HoQ model, is constructed from cause-effect relationships,
which could be best described by a mapping from the VoE
(FCs) space into the VoC (SAs) space.

Specifically, HoQ begins with the customer in order to fully
identify customers’ wants. By operationalizing VoC, one
constructs SAs so that the overall customer concern can be
clearly and effectively represented. VoC is then translated
into corresponding FCs, which represents the means by
which SAs are responded. Those technical requirements
(FCs) are listed at the top of the framework, and each FC
may affect one or more SAs. After determining SAs and FCs,
the HoQ continues with establishing the relations.

The primary outcome of the HoQ is the FC priorities,
which is to be stored at the bottom of the matrix. It can be
seen which particular FCs are of importance so that effort
could be concentrated on them for effective quality improve-
ment. With prioritizing FCs, one is able to be more respon-
sive to customer needs that SAs surrogate. From now on, we
will use the terms VoC and SA inter-changeably. The same
applies to VoE and FC.

www.e-hir.org 7
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2. Questionnaire

The question items are categorized into 1) items to assess
importance of service quality factors associated with HIW
usage, 2) items to measure functional and/or technical fea-
tures of the websites, and 3) additional items on respondents’
demographic characteristics (Table 1). To collect the quan-
titative data through survey, the potential question items on
VoC and VoE should be listed in advance.

Original question items for functional elements were first
derived through review and benchmarking of 6 global and
8 domestic HIWs which were carefully chosen based on the
previous researches such as Chang et al. [19] and Kim et al.
[11]. Then they were organized and refined based on the

Table 1. Characteristics

HIR

service flow analysis on those websites. Finally, a series of in-
depth expert panel discussion removed or elaborated inap-
propriate and overlapping features or descriptions among
those functional element candidates. As a result, 17 question
items were determined for the assessment of functional ele-

ments.

3. Survey

The extensive survey was conducted to quantify the value of
each element constituting the HoQ model by a professional
survey institution. The subject population was considered
as the adults aged between 18 and 49 because those under
the age of 18 or above 49 are deemed to have little experi-

Classification Frequency (persons) %
Gender Male 125 50.0
Female 125 50.0
Age 18-29 97 38.8
30-40 83 33.2
41 or above 70 28.0
Place of residence Metropolitan 152 60.8
Urban 82 32.8
Rural 16 6.4
Occupation Professional 31 12.4
Office worker 65 26.0
Factory worker or technician 12 4.8
Service worker 9 3.6
Public official/teacher 22 8.8
Self-employed 16 6.4
Student 44 17.6
Retired/unemployed 1 0.4
Housewife 46 18.4
Others 4 1.6
Educational background Middle school or below 1 0.4
High school graduate 65 26.0
College graduate 145 58.0
Graduate school or above 39 15.6
Total monthly household income 1.5 million KRW* or below 35 14.0
1.5-3 million KRW 113 45.2
3-4.5 million KRW 63 25.2
4.5-6 million KRW 31 12.4
6 million KRW or above 8 3.2

*U.S. $1 = KRW (Korean Won) 986.05 (as of February 27, 2006).

8 www.e-hir.org

doi: 10.4258/hir.2010.16.1.6



HIR

ence with using health information websites, and thus not
likely to provide reliable responses. This relates to findings
in Chang et al. [20], where one sees that over 80% of those
in 20s and 65% of 30s access HIW's while those aged 40s or
above use other media than the internet to search for health
information.

A nationally representative random sample of adults was
contacted through an online survey. The sample size was tar-
geted to 250, and the balanced allocation was considered by
gender and age groups. Out of 400,000 enrollees registered
in the panel pool, 1,000 adults were stratified-sampled by
gender and age groups expecting the response rate of 25%.
The survey was continued to complete the allocated size of
responses by each stratum, as summing up to 250.

Finally, 228 copies of the answered questionnaires with-
out missing data were used for further analysis. Table 1
represents the demographic characteristics of the 228 re-
spondents, of which males and females account for 50%,
respectively. Broken down into age groups, those aged 18-
29 account for 38.8%, 30-39 for 33.2%, and 40 or above for
28.0%. Broken down by region, those living in large cities
account for 60.8%, mid & small cities for 32.8%, and remote

QFD for Health Information Websites

area for 6.4%. By occupation, office workers account for
26.0%, house-wives and husbands for 18.4%, students for
17.6%, and professionals for 12.4% while public servants,
teachers, service workers, production workers, and techni-
cians represent the remaining proportion. Cronbach-alpha
values of all the questions was found to be 0.98 or above,
validating the reliability of the survey result.

4. Analysis Methods

SAS ver 9.1 (SAS Institute, Cary, NC, USA) was used to con-
duct statistical analyses. As a preliminary examination, the
frequency analysis of the questionnaire was performed in
order to see mean and standard deviation of each question
and find out important survey items. In the beginning of
the HoQ deployment, employed was the principal compo-
nent factor analysis with orthogonal rotation to construct
SAs and FCs. For user priorities in the set of SAs, the dis-
criminant analysis was performed with two separate groups
of users: the satisfied vs. the dissatisfied. To figure out the
relationships between SAs and FCs, the Pearson correlation
coeflicients were calculated for each pair of a SA and a FC.
Finally, simple and compound FC priorities were computed,

Table 2. Results of principal component analysis for service attributes

Factor SA Eigenvalue Representative questions items
1 IR 4.526 - Information as reliable as medical text
- Clear medical rationale provided with information
2 IC 3.768 - Volume of information
- Wide range of information
3 CcC 3.046 - Usage level of bulletin board
- Smooth communication between customer and website manager
4 EU 2.359 - Easy to search for information
- Composition and layout for ease of information search
5 RC 2211 - Display of final updated date of website
- Display of website update frequency
6 SI 2.111 - Protection of customers’ personal information
- Solid system security against hacking
7 p 1.946 - Disinterest in advertising
- Mentioned that the provision of information does not replace diagnosis by doctor
8 RS 1.738 - Quick response to customers’” question or request for counseling
- Quick response to customers’ complaints
9 T 1.581 - Display of information provider

- Display of educational background & profile of information provider

SA: service attributes, IR: information reliability, IC: information richness, CC: customer care, EU: ease-of-use, RC: recency, SI: se-

curity and integrity, P: publicity, RS: responsiveness, T: transparency.
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respectively.

I1l. Results

1. Service Attributes

After this filtering process, nine key factors in SAs were
identified with the principal component analysis based on
the survey outcome on 53 questions. According to com-
mon, representative feature of question items assigned to a
group, we name these nine SAs information reliability (IR),
information richness (IC), customer care (CC), ease-of-use

Table 3. Results of discriminant analysis for service attributes

priority
Factor SA Loading value Ranking
0 1
- Constant ~ —2.815 —2.264 -
1 IR 4.469 3.988 1
2 IC 1.810 2.046 5
3 CC 2.329 2.243 4
4 EU 2.608 2.339 3
5 RC 0.501 0.632 7
6 SI 1.382 1.123 6
7 P 0.377 0.480 9
8 RS 4318 3.866 2
9 T 0.623 0.563 8

SA: service attributes, IR: information reliability, IC: informa-
tion richness, CC: customer care, EU: ease-of-use, RC: recency,
SI: security and integrity, P: publicity, RS: responsiveness, T:
transparency.

HIR

(EU), recency (RC), security and integrity (SI), publicity (P),
responsiveness (RS), and transparency (T) respectively.

Table 2 presents the key statistical characteristics and brief
explanations of 9 SAs. For example, IR shows the biggest ei-
genvalue (4.53), which implies that this conceptual factor ex-
plains more than 8.54% of the total variation. IR includes the
question items pertaining to ‘information proven by medical
profession’ and ‘accuracy of information’. On the other hand,
T has the smallest eigenvalue of 2.01, and it is constructed
from the question items for the identification of website op-
erator or information provider.

To determine the priority ranks of SAs in terms of user sat-
isfaction, conducted here is again the discriminant analysis.
The ranking is determined by the size of the corresponding
coefficients of the discriminant function for the satisfied us-
ers. Table 3 summarizes the result and SA priority ranking,
where IR takes the first position, followed by RS. However,
their difference is slight. EU comes next, and CC, IC, and SI
follow in the order of priority. Meanwhile, RC, T, and P seem
to have the least effect on user satisfaction.

2. Functional Characteristics

Five FCs are determined by the principal component analy-
sis applied to 17 question items on the functional elements of
HIWSs. These FCs are then named security and privacy (Sp),
usage support (Us), user management (Um), search (Sr), and
recommendation (Rm) respectively. Table 4 presents statisti-
cal characteristics of each FC with its brief description.

Even though the FC construction procedure through the
principal component method results in mutually orthogonal
FCs, the interdependences among FCs cannot be completely
eliminated. Table 5 presents the Pearson correlation coef-

Table 4. Results of principal component analysis for functional characteristics

Factor FC Eigenvalue Representative question items
1 Sp 2.195 - Authentication & security
- Personal information protection & privacy
2 Us 1.886 - Online helpdesk, feedback
- Accounting system to access health information
3 Um 1.676 - Access control through log-in etc.
- Members’ usage history
4 Sr 1.519 - Search engine
- Q&A, bulletin board, FAQ, etc.
5 Rm 1.336 - Recommendation (customized)

- Pop-up announcement, administrator email, etc.

FC: functional characteristics, Sp: security and privacy, Us: usage support, Um: user management, Sr: Search, Rm: recommenda-

tion.
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Table 5. Interrelationships among functional characteristics

QFD for Health Information Websites

Sp Us Um Sr Rm
Sp 1.00 0.233 (< 0.0004)** 0.012 (0.8549) 0.384 (< 0.0001)**  0.203 (0.0021)*
Us 1.00 0.355 (< 0.0001)**  0.299 (< 0.0001)**  0.342 (< 0.0001)**
Um 1.00 0.311 (< 0.0001)**  0.252 (< 0.0001)**
Sr 1.00 0.069 (< 0.2994)
Rm 1.00
Sp: security and privacy, Us: usage support, Um: user management, Sr: search, Rm: recommendation.
Pearson correlation coefficient (p value). *p < 0.05, **p < 0.001.
Table 6. House of quality matrix (relationships between service attributes and functional characteristics)
Sp Us Um Sr Rm
IR 0.195 (0.0031)** 0.167 (0.0115)** 0.055 (0.4052) 0.129 (0.0516)* 0.170 (0.0101)**
IC 0.211 (0.0013)** 0.160 (0.0155)** 0.114 (0.0843)** 0.089 (0.1790) 0.109 (0.0987)*
CcC 0.179 (0.0067)** 0.219 (0.0008)*** 0.045 (0.5018) 0.152 (0.0216)** 0.122 (0.0654)*
EU 0.163 (0.0136)** 0.133 (0.0443)** 0.042 (0.5313) 0.131 (0.0477)** 0.139 (0.0352)**
RC 0.215 (0.0011)** 0.204 (0.0019)** 0.081 (0.2239) 0.128 (0.0540)* 0.164 (0.0131)**
SI 0.153 (0.0202)** 0.125 (0.0585)* 0.064 (0.3328) 0.131 (0.0473)** 0.158 (0.0169)**
P 0.197 (0.0027)** 0.153 (0.0204)** 0.055 (0.4070) 0.097 (0.1441) 0.099 (0.1350)
RS 0.141 (0.0328)** 0.100 (0.1318) 0.035 (0.6022) 0.122 (0.0655)** 0.101 (0.1290)
T 0.127 (0.0546)* 0.186 (0.0048)** 0.017 (0.7971) 0.132 (0.0457)** 0.190 (0.0039)**

Sp: security and privacy, Us: usage support, Um: user management, Sr: search, Rm: recommendation, IR: information reliability, IC:

information richness, CC: customer care, EC: ease-of-use, RC: recency, SI: security and integrity, P: publicity, RS: responsiveness, T:

transparency.

Pearson correlation coefficient (p value). *p < 0.05, **p < 0.01, ***p < 0.001.

ficients between two FCs in each pair, which will constitute
the roof of the HoQ model.

3. Relations between SAs and FCs

Presented in Table 6 are the correlations between SAs and
FCs, which constitute the main body of the HoQ model. For
example, 0.22 in cell (3, 2) of the matrix represents the Pear-
son correlation coefficient between CC (SA) and Us (FC).
All the significant correlations are highlighted in the table;
otherwise, they are to be abandoned in the final HoQ matrix.
All the columns but one for Um is dense. In particular, col-
umns corresponding to Sp and Us show the greatest density,
which implies that these FCs are highly correlated with all or
most SAs. On the other hand, Um seems to be directly con-
nected only with IC. The overall effects of this matrix struc-
ture on the FC priorities will be discussed in the following
sections.

Vol. 16 ® No. 1 e March 2010

4. Priorities in FCs
Figure 1 depicts the summary of the HoQ application to the
HIWSs. SAs together with their priorities in Tables 2 and 3
are put on the both sides of the HoQ model. Each FC from
Table 4 defines a column of the HoQ matrix. The correlation
values in Table 5 are copied into each corresponding cell in
the roof. Finally, Table 6 constitutes the body of the HoQ
model.
Two rows at the bottom in Figure 1 present the key outcomes
of the HoQ model in this study. The functional group of Sp
is identified as the most critical factor, as followed by Us, Sr
and Rm, which show similar magnitude of importance. On
the other hand, Um seems to be negligible for the purpose of
enhancing user satisfaction. Moreover, in terms of the simple
priority, Sp dominates the other FCs, and in particular, out-
weighs Um almost by 13 times.

Observed are, however, some changes in the pattern of the
FC priorities when we take the interrelationships among

www.e-hir.org n
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sa FC Sp Us Um Sr Rm SA priority
IR 0.195 0.167 - 0.129 0.170 3.988
IC 0.211 0.160 0.114 - 0.109 2.046
cc 0.179 0.219 - 0.152 0.122 2.243
EU 0.163 0.133 - 0.131 0.139 2.339
RC 0.215 0.204 - 0.128 0.164 0.632
sl 0.153 0.125 - 0.131 0.158 1.123
P 0.197 0.153 - - - 0.480
RS 0.141 - - 0.122 - 3.866
T 0.127 0.186 - 0.132 0.190 0.563
Simple FC | 3.011 2.243 0.233 1.936 1.888
Priority (32.3%) (24.1%) (2.5%) (20.8%) (20.3%)
Compound | 4.660 4.252 2.107 3.835 3.325
FC priority | (25.6%) (23.4%) (11.6%) (21.1%) (18.3%)

HIR

Figure 1. Summary of the HoQ model for health information websites.
SA: service attribute, FC: functional characteristic, Sp: security and privacy, Us: usage
support, Um: user management, Sr: search, Rm: recommendation, IR: information re-
liability, IC: information richness, CC: customer care, EC: ease-of-use, RC: recency, SI:
security and integrity, P: publicity, RS: responsiveness, T: transparency.

FCs into account. For example, even though the priority
order is preserved, due to a great jump in the magnitude of
importance of Um, the gap between the most important FC
(Sp) and the least (Um) is considerably reduced. That is, the
compound priority of Sp is only two times larger than that of
Um, the gap in the relative importance is reduced by order
of 6.5. Accordingly, the dominance of Sp disappears; instead,
Us doubles to the extent that Us is comparable to Sp.

IV. Discussion

Given the interest in various health and medical information
over the internet, there has been a lack of efforts to establish
evaluation criteria for measuring the service quality of HIWs
in a reliable and effective manner. Comparing with the pre-
ceding researches, however, found were more interesting at-
tributes which are attributable to the unique nature of HIWs.

For SAs, factors like RC, P, and T have been hardly consid-
ered in the relevant literature, and thus regarded as what dif-
ferentiates user requirements for HIWs from those for other
websites such as online shopping malls. That is, these service
attributes reflect users’ needs for publicity and professional
expertise that HIWs should be equipped with. Users con-
sider not only contents-related feature but also contents de-
livery method as an important component. It is IR that users

12 www.e-hir.org

think the most important principal component; this fact is
also substantiated by existing literature (for example, Jadad
and Gagliardi [21], Risk and Petersen [13]).

Identified also were key functional attributes of HIWs de-
signed to find out how they relate to customer requirements.
Some existing research also identified key functional ele-
ments of HIW (for example, Pealer and Dorman [22] etc.),
but they were not a quantitative result derived based on ob-
jective data. Such preceding researches identified functional
elements from website administrator’s point of view, and
thus have clear limitations in identifying core functional fea-
tures to improve website performance by incorporating user
requirements. In contrast, FCs identified in this research was
constructed to meet customer requirements and constitute
an essential building block in the HoQ model.

FC priority - the final outcomes of the HoQ model - was
determined by quantifying FCs’ contribution to meeting
user requirements. This research employed two options to
calculate FC priority: the simple FC priority where correla-
tions among FCs are not considered and the compound FC
priority that explicitly reflects those correlations. FC priority
ranking, however, turned out to be preserved in both simple
and compound cases. Given priority ranking, website ad-
ministrators should focus on managing FCs associated with
Sp and Us as they are most effective in meeting user require-

doi: 10.4258/hir.2010.16.1.6
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ments.

However, as seen in the Figure 1, significant changes occur
in numeric values of FC priorities. For example, Sp ranks
top in both simple and compound methods but its relative
importance decreases from 32.3% (simple) to 25.6% (com-
pound). On the other hand, relative importance of Um,
which was found to be the least important in the simple case,
sharply increases from 2.5% (simple) to 11.6% (compound).
These changes stem from the structure of HoQ matrix and
roof (triangular) matrix.

Such a gap between simple FC priority and compound FC
priority presents useful insight on website management.
That is, when discussing an effect of improving certain FCs,
considerations should be given to correlation among FCs.
Website managers could efficiently improve website opera-
tions by considering these synergy effects. In this light, the
HoQ framework helps improve FCs of HIWs in an effective,
structured manner.

Lastly, we complete the discussion by indicating some limi-
tations of this research. As in most survey-based researches,
SAs and their importance to user satisfaction could vary
with characteristics of respondents. For example, when bas-
ing the survey result only on responses from those in their
20s or 30s who are familiar with the internet, importance of
IR is valued higher than in the rest of age groups. Accord-
ingly, it would have been statistically more reasonable if
survey items for IR had been subdivided and regrouped to
reliability and publicity. These differences represent the ne-
cessity of detailed analysis on specific user segments when a
HIW is targeting a specific age group.

In conclusion, this research first defined the core criteria
(SAs) to evaluate service quality of HIWs through a com-
prehensive and in-depth study including literature review
and user survey. Furthermore, since the research focuses on
facilitating functional improvement of the websites, we de-
veloped the operations-related FCs. Finally, with the SAs and
FCs identified above, we derived the correlation between
them using statistical estimation under the HoQ framework,
whereby determining key FCs critical to improving the user
requirements.
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