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ABSTRACT
Hospital beds are considered economically scarce and hospitalists strive to balance between
utilizing beds more efficiently and complying with preference of physicians and patients when
pairing patients to beds. This research is to develop preference-based decision rules for patient-bed
assignment in a dynamic environment. A multi-attribute value theory (MAVT) model with additive
value function is proposed to quantitatively deploy hospital policies in bed management. To elicit
scaling factors and value functions for attributes, a linear programming model is constructed for all
preference conditions. An empirical study was conducted with real data collected from two
branches of a medical center. The simulated results using value function showed greater benefits
when the patient-bed ratio was high and more flexible ward assignment was allowed. Further, a
detailed analysis showed that this MAVT model was better in preference matching for both
physicians/nurses and patients. At least 79 percent of patients were given beds in designated wards
in accordance with their attending physicians’ subspecialty, and more than 48 percent of patients’
room preferences were matched in the simulated assignment for one branch.

Keywords: Preference-based decision, multi-attribute value function, waiting list prioritization,
healthcare admission process

1. INTRODUCTION
Patient admission and inpatient bed assignment policy can have sophisticated influence on
resource utilization for any hospital. With an effective admission process, a hospital can
increase its turnover rate, reduce unnecessary bed occupancy, and improve the quality of
care. Kumar et al. [1] studied the relationship between organizational structures and the
performance of patient scheduling tasks. Their simulation results showed that different
strategies are adopted in different organizational structures and increased centralization of
information lends better performance due to more opportunities for planning and better
information accuracy. In a study at Johns Hopkins Bayview Medical Center, a new active



bed management scene that requires frequent assessment by hospitalists in bed availability
was proposed. The implementation results showed significant improvement in the
emergency department throughput and the availability of ICU beds [2].

In 1995, Taiwan government instituted a universal health insurance, the National Health
Insurance (NHI), to make coverage available to everyone and the benefits have been
significant since then [3]. Since more than 90 percent of Taiwan’s health care providers are
contracted with the NHI, it gives insurers the ultimate freedom in accessing medical
services without any referral required. They can seek care directly at secondary or tertiary
care institutions, regardless of the nature or severity of their illness. As a result, patients
often go shopping for a doctor and are keen to express dismay on the quality of care. With
few exceptions of certain costly high-tech treatments, there are effectively no ceilings on
usage in the NHI. This has resulted in more stress on medical centers, high health care use
rates, and a constant threat for the Bureau of National Health Insurance (BNHI) to restrain
the growth in costs to make the universal insurance system financially sustainable [4]. To
coerce hospitals and physicians to utilize resources more effectively, the BNHI has been
experimenting designs of reimbursement system so that it would encourage hospitals to
seek for welfare equilibrium among the degree of extension in either the patients’ length of
stay (day-based system, Length of Stay), number of services for patients (fee-for-service-
based system, Relative Value Units), and admission number of patients (per-case system,
Diagnosis Related Groups) [5].

Statistical data from the BNHI showed that from 2002 to 2012, the inpatient
payment has been about 33% of the total medical benefit claims on average while the
budget has been steadily increased at a rate of 4% [6]. As shown in Figure 1, the average
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Figure 1. Average occupancy rates (%) of general beds for Taiwan’s hospitals from
1995 to 2013 [7].



occupancy rate including non-acute general beds has been ranged between 67% and
72% since 2001 [7]. High bed occupancy rate has been more pronounced in the
academic medical centers in Taiwan due to higher demands. In 2011, 79% of academic
medical centers had occupancy rates for acute general beds higher than 81.34%, which
was 1.2 times higher than the average of 67.78% for all hospitals [8].

When the bed supply is limited, one strategy for bed management is to increase
occupancy rates. Compared with either reducing the average length of stay or the
number of admissions, this option has the fewest consequences in the service level and
competitiveness for hospitals. This might be achieved by reducing the share of beds
kept empty for emergency cases, maintenance, and cleaning, or by more efficient
planning [9]. An admission process begins with the generation of admission requests
and ends with the actual admission of patients. Admissions can be categorized as either
for emergency, scheduled, or elective patients. Compared to emergency admissions, bed
managers have a better control over scheduled and elective admissions. Depending on
their severity levels, some elective patients would need to be scheduled only on a
specific day required by their physicians as others could be put on a waiting list. As the
bed supply is restricted, the hospital has become a site of conflict where accessing a bed
is becoming more problematic, and hence, a new position of bed manager has been
institutionalized. The bed manager’s role is central to hospital organizations as it
provides a greater visibility in finding solutions to overcome the conflicting demands
of planned procedures and the unpredictability of emergency admissions [10].

Previous studies mostly focused on the holistic view on the patients’ admission
scheduling and its impact on the utilization of multiple hospital resources. Hancock and
Walter [11] proposed an “Admission Scheduling and Control System Simulator” to
evaluate impacts of different admission policies on the workloads of hospital resources
through simulating patient flows. A literature survey by Smith-Daniels et al. [12]
concluded that most admission scheduling systems considered only the management of
bed capacity, which caused sub-optimal use of other resources such as operating rooms.
Harper and Shahani [13] focused on the hospital bed capacity plan based on the simulation
study in bed occupancies and refused admission rates. Krusters and Groot [14] and
Walczak et al. [15] proposed a decision support system framework for admission planning
based on several prediction models on resource availability. Roth and van Dierdonck [16]
considered the patients’ service requirements and developed a Hospital Resource Planning
(HRP) system, which adopted a master plan for capacity and material, and used the
Diagnosis Related Groups (DRG) system for patient classification. Based on demand
forecast, the HRP system reserved the capacity for urgent and emergency patients in the
master plan. Gemmel and van Dierdonck [17] summarized the system requirements for
admission processes as (1) an admission policy for emergencies, urgencies, and elective
patients; (2) expected capacity utilization among hospital resources; (3) projection of
patients’ requirements for services and resources; and (4) the organizational structure for a
workable scheduling system.

While the primary issue for hospitals in admission management is to anticipate the
uncertainty of the arrival of emergency patients, there would be more leeway for
hospitalists to manage the waiting list strategically. Worthington [18] simulated the impact
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of alternative scenarios in managing waiting lists by individual consultant. Mullen [19]
gave a literature review on waiting list management. To represent the dynamic of waiting
lists, Gorunescu et al. [20] used queueing theory to study the effect of changing admission
rates, length of stay and bed assignment on bed occupancy, emptiness and rejection in
departments of geriatric medicine. Goddard and Tavakoli [21] used queueing models to
analyze the welfare and efficiency gains in various policies regarding accessing and
prioritizing the waiting list. They suggested policy of implicit rationing in waiting list
accessibility, which was to manage the waiting list by illness-severity-related clinical
priority to determine the speed of patients to move through the list. Vissers et al. [22] used
simulation to compare four admission concepts in scheduling both emergency and elective
patients, and concluded that, when the level of resource occupancy was high, reserving
capacity for emergency patients was shown to be effective.

It seems natural for hospitals to adopt information systems since processes in health
care services heavily rely on information. However, challenges still exist in building
information systems to fully support various health care processes [25]. Haux [26]
found that most hospitals still maintained paper-based systems even after introducing
computer-based systems. The research argued that development in future health
information systems needs to be directly correlated with better efficiency of care to
ensure the care is affordable. Tsai et al. [27] made similar observation in one of
Taiwan’s general hospitals which considered information systems only for data storage
rather than an integral part of the actual processes, even in administrative processes.
The reluctance in paradigm shifts might be due to the gap between the system design
and the users’ expectation on system usability.

This research focuses on the decision problem in patient-bed assignment at a patient
placement center. Instead of formulating the patient-bed assignment problem as a
scheduling problem as in Demeester et al. [23] and Schmidt et al. [24], this research
considers a dynamic approach with preference-based decision rules. As in reality, the
waiting list is constantly changing throughout the day and the decision in patient-bed
assignments would be continuously made whenever a hospital bed becomes available.
Hence, this study focuses on how to quantify preference, or value, to rank patients on
the waiting list according to the characteristics of each available bed. The eligible
patients from the waiting list would be ranked based on the value of the available bed.

The remainder of the paper is organized as follows. In the next section, the process
to develop our multiple attribute value theory (MAVT) model and the mathematical
formulation used as the elicitation technique are depicted. The implementation results
based on the empirical study and the detail analysis are then included in sections 3 and
4, respectively. Finally, concluding remarks and research limitations are summarized in
section 5.

2. THE MAVT MODEL
This study was approved by the National Taipei University of Technology Institutional
Review Board for protection of human subjects in research. For most hospitals, the
priority in patient selection needs to comply with the general policies and be consistent
through all admissions. Similar to medical preference problem, the admission staff’s
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prioritization on patients can be described as a problem that searches for the best
utilization of resources while preference is addressed in ordinal comparisons of
attributes among alternatives for a specific resource [28, 29]. The major factors and the
importance of these factors toward the patient prioritization for hospital bed in surgical
and internal medicine specialties in our case study are summarized in Table 1. The
notion α β represents that the decision strictly prefers α to β. For the surgical
specialty, the highest priority is given to those patients who are scheduled for surgery
on a specific date. Internal medicine patients who are hospitalized for cardiovascular
related disease or scheduled kidney biopsy are given higher priority to secure the
accessibility of advanced laboratory testing.

The goal of this patient admission process is to find the right patients for the
available beds at the right time. To meet this goal, an admission center might be
focusing on two fundamental objectives: to maximize the utilization of medical
resources and to maximize patients’ satisfaction. The first two factors listed in Table 1,
treatment type and ward subspecialty, are related to the use of medical resources. Due
to the limited availability of operating rooms and advanced testing equipment such as
Positron Emission Tomography (PET), the consequences of not admitting scheduled
patients on the requested dates can be costly. Similar to the ward subspecialty,
aggregating patients according to their medical needs in the same ward is beneficial
logistically for attending physicians and managerial for the ward nurses to care their
patients. For patients’ satisfaction, the admission staff strives to admit patients as soon
as possible (fewer days in waiting) with the consideration of their room preference
(single, double, or insurance-covered room).
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Table 1. List of major factors to determine patients’ priority in the selected
hospital

Surgical Specialty

Importance Factor Preference

High Treatment type Surgery � Chemotherapy � Others
Ward subspecialty Designated subspecialty � Supported subspecialty

↓
Days in waiting More days passed scheduled date

Low Patient’s room preference Matched in single, double room, or insurance-
covered room

Internal Medicine Specialty

Importance Factor Preference

High Treatment type Advanced laboratory testing � Chemotherapy �
Others

Ward subspecialty Designated subspecialty � Supported subspecialty↓
Days in waiting More days passed scheduled date

Low Patient’s room preference Matched in single, double room, or insurance-
covered room



Table 2 summarizes the list of attributes and associated attribute levels used in this
case study. These attributes are considered proxy attributes, which serve as indirect
measures to the fundamental, not easily quantifiable objective in how to best admit
patients [32]. Each attribute has several levels where a more preferred situation is
assigned a higher attribute level. For example, a surgery patient (with attribute level of
2, or x1 = 2) would be preferred over a chemotherapy patient (with attribute level of 1,
or x1 = 1) according to the guideline in Table 1.

For multi-attribute value theory (MAVT), the formulation of value functions can be
additive or multiplicative. Under the von Neumann-Morgenstern rationality axioms, a
weighted value function is used to rank alternatives based on the consequences and
trade-off between attributes [30,31]. There are two assumptions to be verified for
applicability of MAVT: preferential independency and weak-difference independency
[32]. Since the decision of patient-bed assignment is made by a limited number of
admission staff and the guideline in Table 1 is strictly followed, the assumption of
preferential independency and weak-difference independency is then considered
appropriate in this case. Given a set of single attribute value functions, ui(xi), i = 1, …, n,
and a multi-attribute value function u(x1, …, xn), an additive value function is used if there
exists a set of scaling factors, ki, i = 1, …, n, such that and

[32]. To construct an additive value function, it is to determine both the value

function for each attribute as well as the associated scaling factor individually [30].
However, the procedure to elicit parameters in the value function often depends on the
assumption of specific shapes in value/utility functions or is user-dependent [33]. This
study adopts the elicitation procedure proposed by Wu and Gonzalez (1996, 1998) for
a weighting function regardless of the form of the value function [34]. Moreover, this
is a special case of that procedure since the probability weightings are reduced to
constant scales. Suppose a1 and a2 are two alternatives with associated attribute levels
xi(a1) and xi(a2), i = 1, 2, respectively. The prospect theory (PT) [35] can be reduced to
the following:

∑ =
=

k 1ii

n

1
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Table 2. Definition of attributes and levels used to prioritize patients in empirical
case

Factor (Attribute) Description Attribute level

Treatment type (x1) Surgery or advanced laboratory testing x1 = 2
Chemotherapy x1 = 1
Others x1 = 0

Ward subspecialty (x2) Designated subspecialty x2 = 1
Supported subspecialty x2 = 0

Days in waiting (x3) Days passed scheduled date (no more x3 = passed days (0~9)
than 9 days)

Room preference (x4) Available bed matches the request x4 = 1
Otherwise x4 = 0



where 0 ≤ k1 ≤ 1, 0 ≤ k2 ≤ 1, and k1 + k2 ≤ 1.
After multiple consensus meetings with admission staff and managers, six general

preference conditions for different decision scenarios are derived. Let u(a) = u(x1(a),
x2(a), x3(a), x4(a)) be the value of some patient a with levels of x1(a), x2(a), x3(a), and
x4(a), for attributes x1, x2, x3, and x4, respectively. Moreover, let xi(a) = * represent an
arbitrary level for attribute xi, i = 1, …, 4. The preference conditions can be summarized
as follows:

Preference condition 1: Patients scheduled for surgery or advanced laboratory
testing have the highest priority over chemotherapy patients and other patients; that
is, u(2,*,*,*) > u(1,*,*,*) and u(2,*,*,*) > u(0,*,*,*).
Preference condition 2: For chemotherapy patients, those whose attending
physicians belong to one of the dedicated subspecialties of the available beds get
priority; that is, u(1,1,*,*) > u(1,0,*,*).
Preference condition 3: When the conditions in days of waiting and the room
preference are identical, a non-chemotherapy patient whose attending physician
belongs to one of the dedicated subspecialties of the available beds has higher
priority; that is, u(0,1,t,1) > u(1,0,t,1) and u(0,1,t,0) > u(1,0,t,0).
Preference condition 4: When the conditions in days of waiting are identical,
chemotherapy patients whose room preferences are matched have higher priority
over other patients whose room preferences are not matched even if their attending
physicians belong to one of the dedicated subspecialties of the available beds; that
is, u(1,0,t,1) > u(0,1,t,0).
Preference condition 5: When the conditions in the room preference are identical,
chemotherapy patients who waited for one day more have the same priority as the
other patients whose attending physicians belong to one of the dedicated
subspecialties of the available beds; that is, u(1,0,t + 1,1) = u(0,1,t,1) and u(1,0,t +
1,0) = u(0,1,t,0).
Preference condition 6: When the attending physician does not belong to one of the
dedicated subspecialties of the available beds, a chemotherapy patient has priority
over the patients in the “Others” category; that is, u(1,0,*,*) > u(0,0,*,*).

To determine the value for each attribute level as well as the scaling factor, we first
define variables as a weighted value function for attribute 
xi, i = 1, …, 4. Moreover, the condition of having arbitrary level for attribute xi is
assumed to be bounded by max{ }, the maximum weighted value for attribute xi, i =
1, …, 4. Then we formulate and solve an equivalent mathematical programming
problem defined as follows:

Minimize (1)

Subject to (2)

 ( )= ⋅u x k u x( )i i i i i

ui

   ∑ ∑ ∑ ∑= + + +
= = = =

z u j u j u j u j( ) ( ) ( ) ( )
j j j j10

2

20

1

30

9

40

1

⇔ + > +k x a k x a k x a k x a( ) ( ) ( ) ( )1 1 1 2 2 1 1 1 2 2 2 2

k x a k x a k x a k x a( , ( ); , ( )) ( , ( ); , ( ))1 1 1 2 2 1 1 1 2 2 2 2

     ε( ) ≥ + + + +u u u u u2 (1) max{ } max{ } max{ } ,1 1 2 3 4
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(3)

(4)

(5)

for (6)

(7)

and i = 1, …, 4. (8)

It is simply to find a feasible solution that satisfies all constraints in this
mathematical model and an artificial objective function, as in Equation (1), is included
to serve as a searching direction for an optimal solution. Equations (2) to (7) enforce the
ordering as stated in preference conditions 1 to 6, respectively. Further, a relaxation
parameter ε is used to impose the strict preference ranking in all conditions. Equation
(8) ensures non-negative weighted values for all attributes at all levels.

Without loss of generality, the non-linear terms in this formulation can be replaced
by linear terms, for example, to replace with , under the assumption
that the weighted value functions should be non-decreasing along with increasing
attribute levels. Let ε = 0.5, and the resulting formulation can then be solved using a linear
programming solver with the optimal solution of , , ,

, , , , , and , with the
objective value z = 54.5.

After obtaining the optimal solution, the values are then normalized. For the value
function of each attribute, it can simply be calculated by ui (xi) = (xi)/max{ } such
that the values at different levels are ranged from 0 to 1. The largest weighted value
occurs when all attributes are at their highest level, that is,

. Since the largest value for each attribute is
assumed to be 1, this summation is equivalent to the sum of scaling factors. Then the
normalized scaling factor is defined as follows:

, i = 1, …, 4.

Table 3 summarizes the final value function and the scaling factor for each attribute
in this basic additive multi-attribute value model. Suppose that a surgical patient needs
a surgery with a predetermined admission date of today, and his/her attending physician
belongs to one of the dedicated subspecialties of that available bed, this patient would
get a value of 0.852 for that bed when the patient’s room preference is met.

3. RESULTS
Our study hospital has two campuses in Taipei municipal area: Tamshui branch and
Main hospital. With a total capacity of more than 1500 acute beds, these two campuses
provide inpatient services for outpatient clinics from medical specialties such as

 ( )u 22{ }umax 2

 =u (1) 61
 =u (0) 01

 =u t t( ) 0.53 =u (1) 6.52 =u (0) 02

 =u (2) 18.51
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internal medicine, surgery, pediatrics, obstetrics and gynecology. Other than outpatient
clinics, transfer requests for admission might also come from emergency room (ER)
and intensive care unit (ICU). Figure 2 shows the process in assigning patients to
hospital beds in the patient placement center.
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Table 3. The value function and scaling factors for the additive value model in an
empirical case

Factor (Attribute) Scaling factor Value function

Treatment type (x1) k1 = 0.607 u1(2) = 1, u1(1) = 0.324, u1(0) = 0
Ward subspecialty (x2) k2 = 0.213 u2(1) = 1, u2(0) = 0
Days in waiting (x3) k3 = 0.148 u3(x3) = x3/9, x3 = 0,1, …, 9.
Room preference (x4) k4 = 0.032 u4(1) = 1, u4(0) = 0

Inpatient
waiting list

ICU ER TransferOutpatient clinics
requests

Speciality

Surgery
wards

Internal
medicine

wards

Other
speciality

wards

Ob-Gyn
wards

Gender

Room typeRestrictions/
requests

ο
ο ο

ο ο
ο
ο

ο
ο ο

ο

Figure 2. Centralized patient-bed assignment process in patient placement center.



The inpatient requests by outpatient clinics will enter a single waiting list and will
be called in on or after the admission dates depending on the bed availability. Hospital
beds are divided into wards and each ward supports more than one medical specialties
based on the strategic planning of bed capacity in the hospital. The current admission
policy is to first dynamically reserve certain available beds for ER and ICU at the
beginning of each day. Whenever a bed is released and available for the next patient,
the scheduler is informed to select the next patient from the waiting list. The waiting list
is managed on a first-come first-served basis, but other key factors and constraints are
also taken into consideration, such as specialty, treatment requirement, degree of
urgency, gender, and even preference of room choice. In general, most patients are
admitted within 3 days after their request. However, if delay in admission is critical,
patients who fail to be assigned to beds need to have another appointment with their
attending physicians for new admission dates. The maximum allowable delay on
waiting list is set to be 9 days after the request by hospital managers for chronic disease
patients, as shown in Table 2.

Our case study focuses on the requests from outpatient clinics, which account for
two-third of the bed capacity for the entire hospital. The data were collected from both
campuses of this academic medical center. Even though there is only one inpatient
center in this hospital, the waiting lists for these two campuses are kept separately and
bed sharing is seldom considered unless further requested by physicians. Moreover, the
decisions of patient-bed assignment on two campuses are made by two designated
teams of staff. To validate the effectiveness of the proposed value model as shown in
Table 3, real data of patient-bed assignment were collected from the patient placement
center on both campuses.

The experiment is to mimic the actual patient-bed assignment process, and hence a
decision support system (DSS) is developed to incorporate the function for managing bed
data, patient data, and patients–bed matching. When a decision maker finds an available
inpatient bed, the system will automatically rank patients according to their values to the
bed. Assumptions in simulating the patient-bed assignment process are as follows:

Assumption 1. At the beginning of each day, the entire list of patients who are
eligible to be admitted as well as available hospital beds are given.

Assumption 2. Cancellations and postponements are excluded in the simulated data. If
any request is cancelled, or the preferred admission date is postponed
or changed, the patient will be removed from the waiting list.

Assumption 3. The same sequence is used in searching for available beds. The
decision maker will move to the next department only after either all
available beds are assigned, or no more eligible patient needs a bed.

Assumption 4. The decision maker always selects the patient with the highest value
for an available bed. If more than one patient has the same highest
value, choose randomly.

3.1. Results for Tamshui Branch
Tamshui branch is an 800-bed unit for both acute and non-acute cares. Once patients are
required to be hospitalized, they need to submit the hospitalization requests to the
admission center at least a day prior to the bed assignment, with or without a preferred
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admission date. It is also possible to have same-day requests from the outpatient clinics.
Three days of admission data have been collected and the general information is
summarized in Table 5. In Table 4, the patient-bed ratio is the ratio of the total number
of patients on the waiting list to the total number of available beds. When patient-bed
ratio is less than 1, it indicates the supply of beds is sufficient for inpatient demands. It
was observed that the number of new admissions in this branch is tightly regulated by
physicians according to the bed availability.

The effectiveness of value function is measured using three ratios: patient sameness,
assignment similarity, and assignment sameness. Compared to the actual assignment,
patient sameness represents the percentage of same patients that are selected by the MAVT
model, and assignment sameness is the percentage of patients that are paired with the same
bed. To demonstrate the effectiveness of the value model, we define a relaxed index of
assignment sameness, referred to as assignment similarity that represents the percentage of
patient-bed pairs in which patients are assigned to either the same beds, beds in the same
wards, or beds in compatible wards as in the actual assignment.

The simulated results of ranking patients with the additive value function are
summarized in Table 5. The results using the multi-attribute value function were
remarkable with an average of 92.6 percent and 91.3 percent in patient sameness and
assignment similarity, respectively. It indicated that the bed-patient assignments by the
experts in the bed management team were able to follow the hospital’s guideline very
closely. It might be also because many wards in this branch were dedicated to only one
subspecialty in this branch. On the other hand, a higher percentage in assignment
sameness, such as 52.6 percent on day 2, suggested that the degree of freedom in these
assignments might be limited. According to the admission staff, many available beds
could fit only a fairly limited subgroup of patients as the bed assignments were under a
tighter control among the doctors.
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Table 4. The 3-day admission summary for Tamshui branch

Number of elective patients Number of
With preferred No preferred Same-day available Patient-
admission date admission date request Total beds bed ratio

Day 1 3 11 22 36 34 1.06
Day 2 1 7 16 24 19 1.26
Day 3 5 5 24 34 27 1.26

Table 5. Similarity measures of MAVT model for Tamshui branch (in %)

Patient Sameness Assignment Similarity Assignment Sameness

Day 1 94.1 94.1 26.5
Day 2 94.7 94.7 52.6
Day 3 88.9 85.2 33.3
Average 92.6 91.3 37.5



3.2. Results for Main Hospital
The Main hospital is located in the city center of Taipei, with 900 acute care beds in
total. Since more outpatient clinics for various subspecialties are provided, a higher
volume of outpatient visits as well as longer waiting list of elective patients were
observed. The actual admission data for an entire week, from Monday to Saturday, are
summarized in Table 6. With a significant number of same-day requests from the
outpatient clinics, the patient-bed ratio greatly fluctuated due to the variation of the
number of available beds every day. A high bed turnover rate was observed to
accommodate more patients on the waiting list. Moreover, except for Saturday (day 6),
it was observed that the number of elective patients was relatively stable.

The simulated results are summarized in Table 7. The results using the multi-
attribute value function had an average of 79.1 percent and 64.7 percent in patient
sameness and assignment similarity, respectively. It indicated that the bed-patient
assignments by the experts in this bed management team were trying to follow the
hospital’s guideline most of the time, but not as closely as Tamshui branch. Compared
to Tamshui branch, the Main hospital had more elective patients with preferred
admission dates for surgery and advanced lab testing, a larger number of admissions,
and a longer waiting list per day. A much lower percentage in assignment sameness, 19
percent on average, indicated a much higher flexibility, and hence more complexity, in
assigning beds to patients in this branch. Not only there were more patients with similar
condition on the waiting list, but most wards were designated to multiple subspecialties.
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Table 6. The 6-day admission summary for the Main hospital

Number of elective patients Number of
With preferred No preferred Same-day available Patient-
admission date admission date request Total beds bed ratio

Day 1 66 21 25 112 74 1.51
Day 2 47 39 19 105 54 1.94
Day 3 63 43 19 125 73 1.71
Day 4 48 44 11 103 52 1.98
Day 5 52 34 17 103 62 1.66
Day 6 10 31 20 61 36 1.69

Table 7. Similarity measures of MAVT model for the Main hospital (%)

Patient Sameness Assignment Similarity Assignment Sameness

Day 1 83.8 70.3 13.5
Day 2 79.6 70.4 18.5
Day 3 78.1 61.6 11.0
Day 4 78.8 59.6 23.1
Day 5 82.3 59.7 14.5
Day 6 72.2 66.7 33.3
Average 79.1 64.7 19.0



Next, the quality of patient-bed assignments in terms of ward subspecialty
compliance and room preference compliance was investigated. Figure 3 shows the
percentage of patients assigned to designated wards in accordance with subspecialty of
their attending physicians in the actual assignments and that by using additive value
function. The Mann-Whitney test shows that the level of ward subspecialty compliance
is significantly higher when using MAVT model with a corresponding p value of 0.045.
At least 79 percent of the patients were assigned beds in the designated wards in the
assignments using MAVT model, and the improvement in compliance could be up to 
18 percent as in day 1.

Figure 4 shows the percentage of patients assigned to rooms matched to their
preferences. The level of room preference compliance is also significantly higher when
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Figure 3. Percentage of compliance in patient-bed assignments to designated
subspecialty wards.
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Figure 4. Percentage of compliance in patient-bed assignments to patients’ room
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using MAVT model with a corresponding p value of 0.005. More than 48 percent of the
patients were assigned to rooms that fitted their preference in the assignments using
MAVT model. On the contrary, no more than 30 percent of patients had their room
preferences matched in the actual assignment. The improvement could be up to 
50 percent as in day 6.

4. DISCUSSION
To develop a preference-based decision for patient-bed assignment in a dynamic
environment, this research proposes a MAVT model to quantitatively deploy hospital
policies in the bed management. Once a consensus is reached among hospital managers
and doctors on the priority rules among various possible scenarios, it is described as a
set of preference rules. To elicit value and scaling parameters, a linear programming
model is constructed to translate these preference rules into associated constraints with
weighted attribute values. If an optimal solution is available, it is further converted by
normalization to find the value functions for attributes as well as the scaling factors to
construct the associated value model.

In this study, an additive value model was derived based on a set of six preference
conditions. As shown in Table 3, not all value functions for attributes were linear. For
example, Figure 5(a) shows the value function for attribute x1, or patients’ treatment
type. At attribute level x1 = 1, the value was 0.324 and was closer to the value for level
x1 = 0 than level x1 = 2. It can be observed that, in general, chemotherapy patients were
preferred over patients for other treatment, but this advantage did not dominate in
preference condition 3. For attribute x3, or the days in waiting, the value function was
found to be linear as shown in Figure 5(b). When this factor was considered, as in
preference condition 5, it was only to decide whether a patient had been waited one-day
longer than the other patient, without any specification on the number of days 
in waiting.

The scaling factors in this value model, as depicted in Figure 6, reflect how each
attribute was weighted in the decision process. For attribute x1, the scaling factor k1 was
greater than 0.5 and hence the priority in treatment type was predominant in the
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preference ranking. As for attribute x2 and x3, the difference in their scaling factors was
merely 0.065, which was the smallest among all pairs of adjacent attributes in {x1, x2}
and {x3, x4}. This could be due to the indifference ranking as in preference condition 5.

In the empirical study, it was found that when the waiting list is tightly regulated, as
the case in Tamshui branch, the effectiveness of utility functions was less significant.
The simulated results had an average of 92.6 percent in patient sameness and 91.3
percent in assignment similarity when using MAVT. In Tamshui branch, the admission
requests were carefully managed based on doctors’ rationale as the availability of beds
was fully under their control. To synchronize the waiting list to the estimated bed
availability, a daily meeting is mandated for all doctors in this branch. The admission
summary in Table 4 showed that the patient-to-bed ratio is not high, and even close to
1, suggesting that about one patient is waiting for each available bed on that day. Due
to highly regulated demand, Tamshui branch also had a higher ratio of same-day
admission requests than the Main hospital.

However, such arrangement might not be feasible for most general hospitals such as
the Main hospital in Taipei. Its admission process was far more dynamic as outpatient
clinics continued to send in hospitalization requests. It was more likely to have patients
with severe conditions and the waiting list was constantly updated and re-evaluated
during the day. For patients appointed to operating rooms and advanced examination
equipment schedule, the consequence might be severe if the hospital failed to admit
them on the preferred admission dates. Moreover, to accommodate rare inpatient
requests from subspecialties such as breast surgery or dentistry, and also to increase the
bed turnover rate for the entire hospital, the admission staff was given a higher
flexibility in managing wards. Hence, the simulated results using additive value
function amounted to a lower average of 79.1 percent and 64.7 percent in patient
sameness and assignment similarity, respectively, and a much lower percentage in
assignment sameness, 19 percent on average, in the Main hospital.

A lower level in patient sameness, assignment similarity, or assignment sameness
implies a greater potential in using additive value model to ensure that the decisions in
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patient-bed assignments coincide with the consensus. This phenomenon was observed
in the quality of the patient-bed arrangement for the Main hospital in Taipei. The
assignment using MAVT model had a higher ward subspecialty compliance and room
preference compliance, as shown in Figure 3 and Figure 4. The benefit of having high
ward subspecialty compliance is three-fold. For attending physicians, the traveling
distance and time needed to care for their patients in their daily routine could be reduced
when all his/her patients were in the same set of wards. For ward nurses, it would
confine the medical orders complexity and hence less error-prone. From the perspective
of hospital management, high ward subspecialty compliance means less logistical
concerns and better control in medical inventory. This additive value model was able to
allocate more than 79 percent, even up to 95 percent, of patients to beds in designated
wards in accordance with their attending physicians’ subspecialty. The room preference
compliance is important to patients’ satisfaction in the healthcare service provided by
the hospital. At least 48 percent, even up to 68 percent, of patients had their room
preferences matched.

With the encouraging results, however, one major limitation of this study was the
limited number of factors and attributes considered in the MAVT model. As observed
in the admission center, when multiple patients are equally suitable for a bed, they
might be further distinguished according to other minor situation-dependent factors that
need to be further investigated.

5. CONCLUSION
Hospital bed management has become the central issue in the solutions to overcome the
conflicting demands of planned procedures and the unpredictability of emergency
admissions. Fierce competition among hospitals and the desire to better utilize the beds had
made managing patients waiting list a stressful job. Lack of transparency and effectiveness
in the decision of bed assignment has led to frustration and dissatisfaction of patients,
hospital staff, and physicians. This research aims to provide a dynamic decision support
system for hospital managers and physicians in the patients waiting list management.

In this research, a multi-attribute value theory (MAVT) model is proposed and a
weighted value function is used to capture the essences in admission decisions. The
proposed elicitation procedure for the MAVT model was to solve an equivalent
mathematical programming model, which requires no assumption in the form and type
of the value function. The current empirical study showed the advantages of this model
applied to patient-bed assignment in real hospitals. Moreover, the quality of patient-bed
assignment was greatly improved by using this additive value function in terms of ward
subspecialty compliance and patients’ room preference compliance.
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