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Purpose: Cost-benefit analysis is one of the most commonly used economic evaluation methods, which helps to inform the 
economic value of a program to decision makers. However, the selection of a correct benefit estimation method remains criti-
cal for accurate cost-benefit analysis. This paper compared benefit estimations among three different benefit estimation mod-
els. Methods: Data from community-based chronic hypertension management programs in a city in South Korea were used. 
Three different benefit estimation methods were compared. The first was a standard deterministic estimation model; second, 
a repeated-measures deterministic estimation model; and third, a transitional probability estimation model. Results: The esti-
mated net benefit of the three different methods were $1,273.01, $-3,749.42, and $-5,122.55 respectively. Conclusion: The 
transitional probability estimation model showed the most correct and realistic benefit estimation, as it traced possible paths 
of changing status  between time points and it accounted for both positive and negative benefits.
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INTRODUCTION

Economic evaluation of nursing service has employed various meth-

ods such as cost analysis, cost-benefit analysis (CBA), cost-effective-

ness analysis, and cost-utility analysis (Newhouse, 2010; Pappas, 2008; 

Stephens, 2008). CBA is one of the most commonly used methods, as 

the result is expressed in monetary terms, which helps to explain the 

value of a program to decision makers. CBA has been used for evalua-

tion of nursing service programs in clinical settings, and its outcomes 

expressed in economic values are often used by decision makers for 

budget allocation. Benefit-cost ratio (BCR) is one of the most fre-

quently used summary indicators of CBA results. However, methods 

for accurate estimation of BCR remain controversial for CBA, as BCR 

values can change depending on the method used for estimation. 

Theoretically, when we measure benefits, all plausible benefits 

(both positive and negative) occurring from the program must be in-

cluded and estimated. This is particularly important for a manage-

ment program for chronic diseases, such as hypertension, as the pa-

tients’ blood pressure can fluctuate during the management program 

period. In that case, estimated benefits would change as blood pres-

sure changes, which then would affect the value of the BCR. In gen-

eral, estimating a benefit increase (i.e., positive benefits) is easy, but 

estimating a benefit decrease (i.e., negative benefits) is difficult, and it 

is rarely estimated. This paper examined some issues involved in 
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benefit estimation and compared the methods for benefit estimation 

using a data of community-based chronic hypertension management 

programs in a city in South Korea.

1. Issues related to benefit estimation

Two major issues merit our attention. First, there are concerns 

about benefit estimations that do not account for negative benefits, 

which could lead to inaccurate benefit estimations. “Negative bene-

fits” refers to worsened outcomes resulting from the program. This is 

in contrast to positive benefits that show improved results from the 

program. Negative benefits are often excluded in benefit estimates 

because they tend to have small values; thus, their impact on the final 

benefit estimation is considered minimal (Korea Centers for Disease 

Control & Prevention [KCDCR], 2007; Lim, 2008). In addition, it 

may also reflect people not wanting to report negative aspect of the 

program. Sometimes they are ignored in the calculation altogether 

because negative benefits vary depending on factors such as charac-

teristics of the program, context in which program evaluation takes 

place, or societal priority in decision making. For instance, chronic 

programs in the community setting may not receive as high societal 

priority as acute programs in the hospital setting when the budget 

decision is made for the program implementation. 

Previous studies of CBA for medical programs are incomplete as 

they did not include negative benefits. For example, Lim, Im, Kim 

and Ko (2010) analyzed the BCR of a hypertension management 

program of a community-based nursing care center. They estimated 

benefits by counting only improved cases (such as those whose hyper-

tension improved from severe to mild) without counting the wors-

ened cases (i.e., those whose hypertension changed from mild to se-

vere). The percent of worsened cases during their program was about 

2% of the total sample. This may appear small, but its impact on a 

large-scale project could be significant. Ahmed, Elbasha, Thompson, 

Harris and Sneller (2002) in their research on CBA of pneumococcal 

vaccination, they explained that to measure benefits, they used hu-

man capital approach to estimate the economical value of productiv-

ity and excluded medical care costs for unrelated diseases as a result 

of increased longevity due to pneumococcal vaccination. The reason 

of exclusion is because of the uncertainty in negative benefit mea-

surement. Romo and Gifford (2007) in their research of BCR of mu-

sic therapy in a home hospice, they estimated the music therapy’s 

benefits as a cost saving effect, they didn’t consider cost of negative 

effect that might be happened because patient’s condition was worsen 

while the music therapy was going on.

Hence, estimating negative benefits of a program, especially in the 

management of chronic diseases such as hypertension, poses a chal-

lenge, as the patients’ conditions may change during the management 

period. Needless to say, the instability of patients’ conditions is an 

important factor when estimating the benefits of the programs for 

chronic problems. Accurate benefit estimation calls for inclusion of 

both positive and negative benefits and the use of a measurement 

method that accounts for changing patterns of patients’ conditions, 

which can be extrapolated to similar pattern of conditions.

A second issue of concern is using a deterministic versus stochastic 

approach for benefit estimation. The former employs the use of per-

centage or number, and the latter uses transitional probability. Using 

appropriate measurement methods for benefit estimation is impor-

tant, particularly when patient-level data are used. Usually, benefit es-

timation includes percentage or number of patients whose condition 

is changed positively during the program (Lim et al., 2010; Yim, 2008). 

In such cases, the benefits are estimated simply by multiplying the 

number of patients with the unit of benefit. Since this approach is in-

fluenced by the characteristics of the sample, application of the result 

is limited to that specific sample, which makes generalization of the 

results difficult. A need exists for finding a method that could mea-

sure the benefits more accurately and allow generalization.

The stochastic approach, which includes transitional probability, 

answers this need. Chin, Zhang and Rathouz (2003) used transitional 

probability to determine probabilities from year t-1 state to year t 

state in older (aged 65 or older) patients with heart failure who were 

in the Medicare program in the United States. By using this approach, 

they could identify any critical change in patterns of health percep-

tion, activities of daily living (ADLs), and instrumental activities of 

daily living (IADLs) according to individual characteristics such as 

age or sex. In addition, Peng, Ling and He (2010) used transitional 

probability among self-rated health status for the oldest (aged 80 or 

older) Chinese according to gender and age, and they were able to 

project the future need for long-term care. Transitional probability 

was also used by Diehr and Patrick (2001) to estimate future health 

states for older adults (aged 65 or older) who were in the Medicare 

program in United States. These precedents imply that the use of a 

stochastic approach that includes transitional probability may allow 
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us to get more accurate benefit estimates and to apply the results more 

broadly.

2. Objectives of the study

In this study, we compared three different benefit calculation 

models to show how different benefit estimation methods affect the 

estimated benefits. First was a standard deterministic estimation 

model (SDEM) that used pre-post design; second, a repeated-mea-

sures deterministic estimation model (RMDEM) that used repeated-

measures design; and third, a transitional probability estimation 

model (TPEM) that measured benefit based on all transitional path 

probabilities. The goal of this study is to demonstrate the differences 

in BCRs according to the benefit estimation models. Specific aims 

are to: 

1) Describe three different benefit estimation models. 

2) Compare the difference in benefit estimations and BCRs. 

METHODS

1. Data

Data from community-based chronic hypertension management 

programs in a city in South Korea were used in this study. Eighty-five 

adult patients from the database of all visiting care service records 

from March to December in 2008 were selected when they met the 

following conditions: diagnosed hypertension with the blood pressure 

over 140/90 mmHg, and blood pressure was checked twice exactly at 

three-month intervals after the initiation of the program. Hyperten-

sion severity was estimated by the range of diastolic blood pressure: 

mild (Mi) hypertension was diastolic blood pressure between 90 and 

92 mmHg; moderate (Mo) hypertension, diastolic blood pressure be-

tween 93 and 97 mmHg; and severe (Se) hypertension, diastolic blood 

pressure, 98 mmHg or over (Ahn, 1995).

1)���Community-based�chronic�hypertension�management�

program

Community-based chronic hypertension management program 

has been operated nation widely by the Korea Ministry of Health and 

Welfare (KMHW) since 2007, and it is a part of customized commu-

nity-based visiting health care services. Specially trained visiting 

nurses (sometimes, including social workers, physical therapists, dieti-

tians, and doctors as team members) provide customized visiting 

health care services focused on individualized health care needs. This 

program’s aim was to improve subjects’ health status, to make a com-

munity system to manage chronic diseases properly, to build the net-

work between the social welfare and the health resources, and finally 

to enhance the people’s health promotion and increase their quality of 

life. The subjects were usually elderly (65 years and over), pretty low-

economic status, or households living alone. After a visiting nurse 

register a subject this program, she (or he) serves intensive case man-

agement care services during 8 weeks according to subject’s severity 

and then keeps follow-up by 3 month, 6 month, or 1 year interval ac-

cording to the subject’s hypertension treatment adherence. The pro-

grams are including health educations for proper management of hy-

pertension: stop-smoking and drinking, proper nutrition, importance 

of accurate medication, stress management, and continuous medica-

tion. Basic lab test such as blood sampling is also served. All services 

are provided standardized manuals developed by KMHW, for exam-

ple assessment questionnaires, checklist for health behaviors, and re-

corded in an informatics database system. 

2)�Three�benefit�estimation�models

The three benefit estimation models (SDEM, RMDEM and TPEM) 

are illustrated in Figure 1. SDEM used a pre-post design, in which 

benefit was calculated as the differences between the first and third 

measurement points. The number of cases whose hypertension se-

verity changed positively (e.g., from moderate to mild) was used to 

estimate the program’s benefits in SDEM. SDEM was commonly 

used model to calculate benefits in cost-benefit analyses. In this model, 

we tried to show how BCR was affected by excluding negative bene-

fits and using a deterministic approach. 

RMDEM used a repeated-measures design, in which the benefit 

was measured at each measurement point. RMDEM reflects change 

in hypertension severity from the first to the second time point (after 

3 months), and from the second to the third time point (after 6 

months). In RMDEM, the benefit was estimated using the number 

of cases whose hypertension severity changed positively for each time 

point of the three time points. Recently repeated- measures design 

researches in nursing fields were strikingly increased. However, when 

a CBA research was conducted, the focus of measuring benefits was 

still caught in positive aspects. Although negative benefits were cal-
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culated by counting worsen cases in RMDEM, the results were still 

hard to allow generalization because those were based on determin-

istic approach. Therefore, in this model, we tried to show the limita-

tions when the BCR was measured by not including negative benefits 

and not applying a stochastic approach. This result would be useful 

to compare with the result of SDEM or TPEM.

TPEM measured the benefit based on all at each measurement 

point. TPEM included all possible changes in hypertension severity 

(i.e., both positive and negative) in estimating benefits. TPEM was 

based on repeated-measures design like RMDEM. However, the 

BCR in TPEM was differently measured in SDEM or RMDEM be-

cause TPEM could estimate negative benefits using a stochastic ap-

proach; transitional path probabilities. Then only the results of TPEM 

could handle the two issues which were discussed in this study. Thus, 

we compared the outcomes of each model to see the differences 

among the models. 

3)�Cost�and�benefit�measurement

This study used the same cost and benefit measurements used by 

Yim (2008), as shown below. Each calculation formulas of cost and 

benefit measurements were shown in Table 1. But the cost and benefit 

for BCR of our study were recalculated for 6 months. Cost was cate-

gorized as follows. First was operational cost of the chronic hyperten-

sion management program, including staff salary, supplies and mate-

rials, and overhead cost; second was medical expenditure of outpa-

tient clinic and drug charge for hypertension management; third was 

Table 1. Costs and Benefits Calculation Formulas 

Categories Calculation formula

Cost Operational cost {(yearly total program expenditure per patient)/12 months} x 6 months

Medical expenditure {(yearly total medical expenditure of outpatient clinic visit and drug charge per patient)/12 months} x 6 months

Transportation cost {(yearly total number of outpatient clinic visits x average round trip transportation cost)/ 12 months} x 6 months

Benefit Saved outpatient clinic charge {the number of patients with severe hypertension x change rate for patients with severe to moderate hypertension 

x (yearly total outpatient clinic charge per patient with severe hypertension - yearly total outpatient clinic charge per 
patient with moderate hypertension)/12 months} x 6 months 

+ {the number of patients with severe hypertension x change rate for patients with severe to mild hypertension x 
(yearly total outpatient clinic charge per patient with severe hypertension - yearly total outpatient clinic charge per 
patient with mild hypertension)/12 months} x 6 months

+ {the number of patients with moderate hypertension x change rate for patients with moderate to mild hypertension 

x (yearly total outpatient clinic charge per patient with moderate hypertension - yearly total outpatient clinic charge 
per patient with mild hypertension)/12 months} x 6 months

Saved hospital admission charge the number of patients with severe hypertension x control rate of hypertension after the program x {(yearly total 
hospital admission charge/12 months) x 6 months} x hospital admission reduction rate 

Saved cost for prevention of 
  severe complications

the number of patients with severe hypertension x control rate of hypertension after the program x {(yearly total 
charge for severe complications of hypertension /12 months) x 6 months} x probabilities of complication occurrence

Figure 1. Three different benefit estimation models.
●Hypertension; ■Mild; ▲Moderate; ◆Severe; ○Standard deterministic estimation model; □Repeated-measures deterministic estimation model; 
△Transitional probability estimation model.

SDEM○ RMDEM□ TPEM△

Pre Pre PrePost Post PostProgram Program Program

<Stage 1> <Stage 1> <Stage 1><Stage 2> <Stage 2>

HTN HTN HTN

Mi

Mo

Se Se Se Se Se Se Se Se

Mo Mo Mo Mo Mo Mo Mo

Mi Mi Mi Mi Mi Mi Mi

<Stage 3> <Stage 3> <Stage 3>
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transportation cost to visit the outpatient clinic. Total cost per patient 

was estimated as $278.61, with operational cost $110.74, medical ex-

penditure $158.88, and transportation cost, $9.00.

Benefit was categorized by three items of the program: saved out-

patient clinic charge, saved hospital admission charge, and saved cost 

for prevention of severe complications of hypertension. Benefits were 

estimated by the severity of hypertension: mild (Mi), moderate (Mo), 

and severe (Se) (Ahn, 1995). According to these categories, benefit 

from saved outpatient clinic charge for six months was estimated to 

be $13.74 per patient who showed improvement from severe to mild; 

$1.28 per patient from severe to moderate, and $12.17 per patient from 

moderate to mild. The benefit from saved hospital admission charge 

was estimated to be $608.12 per patient who showed improvement 

from severe to normal, and saved cost for prevention of severe com-

plications of hypertension was estimated to be $103.64 per patient 

who showed improvement from severe to normal. 

2. Analyses

The frequency or percentage of patients who changed their hyper-

tension severity at each time point was used to calculate benefits for 

the deterministic model (SDEM and RMDEM). Ordinal logistic re-

gression was applied to estimate transitional probability for the sto-

chastic model (TPEM). A non-parametric test (one-sample Kolmogo-

rov-Smirnov test) was used to determine the differences between 

BCR estimates using SDEM and TPEM, and RMDEM and TPEM. 

RESULTS

1. General characteristics of subject

The general characteristics of subjects included our research was 

follows. The average age was found 67.8 years. In aspects of sex, fe-

male was 61 (71.7%), and male was 24 (28.2%). At the first stage, the 

average systolic blood pressure was 155.28 (SD =15.6), and diastolic 

blood pressure was 99.61 (SD =23.0). At the second stage measured 

three months later from first stage, the average systolic blood pressure 

was 136.97 (SD =23.3), and diastolic blood pressure was 80.67 (SD =  

11.8). The last, third stage measured six months later from first stage, 

the average systolic blood pressure was 132.01 (SD =20.5), and dia-

stolic blood pressure was 79.31 (SD =12.6).

2. Matrix according to severity of hypertension 

The matrix according to severity of hypertension was as follows. At 

the first time point, the number of patients with mild hypertension 

was 47 (55.2%), moderate was 3 (3.5%), and severe was 35 (41.1%). At 

the second time point, the number with mild was 77 (90.5%), moder-

ate was 3 (3.5%), and severe was 5 (5.8%). At the third time point, the 

number with mild was 76 (89.4%), moderate was 3 (3.5%), and severe 

was 6 (7.0%). 

To avoid overestimation of benefits from saved hospital admission 

charge and saved cost for prevention of severe complications, we se-

lected the cases in which blood pressure changed from severe to nor-

mal. The number was 62 (72.9%) at the second time point and 54 

(63.5%) at the third time point.

3. Estimation of benefits by the three models

To estimate benefits using SDEM, severity changes in hyperten-

sion were estimated (Table 2). The number of patients whose hyper-

tension severity changed from severe at the first time point to mild at 

the third time point was 28/35 (80.0%); from severe to moderate was 

2/35 (5.7%); and from moderate to mild was 2/3 (66.7%). Notably, the 

number whose hypertension severity changed from severe at the first 

to normal at the third time point was 24/35 (68.6%). Based on these 

numbers of patients whose hypertension severity changed, the total 

benefit estimate using the SDEM was $24,955.03.

For RMDEM-based benefit estimation, the numbers of patients 

whose hypertension severity changed from the first to second time 

point were estimated as follows: severe to mild 30/35 (85.7%); severe 

to moderate 2/35 (5.7%); and moderate to mild 3/3 (100.0%). Notably, 

the number of patients whose hypertension severity changed from 

severe to normal was 18/35 (51.4%). Second, numbers of patients 

whose hypertension severity changed from the second to third time 

point were as follows. Severe to mild 1/5, (20.0%); severe to moderate 

0/5 (0.0%); and moderate to mild 3/3 (100.0%). The number whose 

hypertension severity changed from severe to normal was 1/5 (20.0%). 

Based on this estimated hypertension severity changes, total benefit 

using the RMDEM was estimated as $19,932.60.

For TPEM-based benefit estimation, we estimated a transitional 

probability first. Ordinal logistic regression analysis controlling for 

subject’s age and sex was employed to estimate transitional probabil-
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ity. As shown in Table 3, some subjects showed lower blood pressure 

at 3 months and 6 months compared to the initial value, but others 

showed higher blood pressure, changing from normal to severe hy-

pertension (i.e., negative benefit). The total benefit (including both 

positive and negative benefits) using TPEM considering all possible 

hypertension severity changes was estimated as $18,559.47.

4. Comparison of BCRs as determined by the three models

The estimated total cost of the program was about $23,682.02 

($278.61 per patient multiplied by 85 patients). The BCRs were calcu-

lated by benefits divided by the total cost of the program per each 

model, and these are shown in Tables 2 and 3. The estimated net ben-

efit by SDEM was $1,273.01, and the BCR was 1.054. However, when 

Table 3. Benefits and BCR of TPEM Model

Category  Status

TPEM¶

Time point 1->2 Time point 2->3

Mean* SD† Benefit Mean* SD† Benefit

Saved OPC‡ charge Severe->mild 0.86 0.08 412.83 0.12 0.01 8.13

Severe->moderate 0.05 0.03 2.35 0.10 0.00 0.65

Moderate->mild 1.00 0.00 36.50 1.00 0.00 36.50

Moderate->severe 0.00 0.00 0.00 0.00 0.00 0.00

Mild->moderate 0.03 0.02 -14.47 0.03 0.00 -30.68

Mild->severe 0.04 0.03 -25.23 0.03 0.00 -33.62

Saved hospital charge Severe->normal 0.51 0.05 10,946.23 0.41 0.03 1,260.49

Normal->severe NA§ 0.04 0.01 -1,404.08

Prevention of complications Severe->normal 0.51 0.05 7,461.72 0.41 0.03 859.24

Normal->severe NA 0.05 0.01 -957.12

Total benefits 18,559.47

Total costs 23,682.02

Net benefit -5,122.55

BCR|| 0.784

*Average mean of transitional probabilities; †Standard Deviation of transitional probabilities; ‡Outpatient clinic; §Not applicable; ||Benefit-cost ratio; ¶Transitional 
probability estimation model.

Table 2. Benefits and BCR of SDEM and RMDEM Models

Category  Status

SDEM†† RMDEM‡‡

Time point 1->3 Time point 1->2 Time point 2->3

In1* Cn1† % Benefit Cn2‡ % Benefit In2§ Cn3|| % Benefit

Saved OPC¶ Severe->mild 35 28 80.0 384.66 30 85.7 412.11 5 1 20.0 13.73

  charge Severe->moderate 35  2 5.7 2.59  2 5.7 2.59 5 0 0.0 0.00

Moderate->mild  3  2 66.7 24.33  3 100.0 36.50 3 3 100.0 36.50

Moderate->severe NA# NA NA

Mild->moderate NA NA NA

Mild->severe NA NA NA

Saved hospital Severe->normal 35 24 68.6 14,594.67 18 51.4 10,946.53 5 1 20.0 608.12

  charge Normal->severe NA NA NA

Prevention of Severe->normal 35 24 68.6 9,948.76 18 51.4 7,461.93 5 1 20.0 414.54

  complications Normal->severe NA NA NA

Total benefits 24,955.03 19,932.60

Total costs 23,682.02 23,682.02

Net benefit 1,273.01 -3,749.42

BCR** 1.054 0.842

*Initial number of patients at the first time point; †Changed number of patients at third time point from first time point; ‡Changed number of patients at the sec-
ond time point from first time point; §Initial number of patients at the second time point; ||Changed number of patients at the third time point from second time 
point; ¶Outpatient clinic; #Not applicable; **Benefit-cost ratio; ††Standard deterministic estimation model; ‡‡Repeated-measures deterministic estimation model.
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the same data were analyzed using RMDEM, the net benefit was 

$-3,749.42, and the BCR was 0.842, which was lower than the SDEM. 

The benefit (including negative benefits) using TPEM was $-5,122.55, 

and the BCR was 0.784, which was lower than both the SDEM and 

RMDEM. 

When statistical differences of the BCRs between SDEM and 

TPEM, and RMDEM and TPEM were tested for homogeneity, the 

null hypothesis of homogeneity for each set was rejected and a statis-

tically significant difference was shown in BCRs between the two 

models of each set (significant at p < .001). 

DISCUSSION

CBA is used to determine economic feasibility of a program, and 

to guide decision making about resource allocation (Alcocer & Cueto, 

2008). Many governments require CBA results before any project is 

launched and a policy is developed. Although accurate benefit estima-

tion is emphasized in CBA, measurement of benefits remains a chal-

lenge. Even though no statistically significant differences in BCR were 

found by Stevens et al. (2006) in their study between home-based vs. 

hospital-based support groups, they noted invisible benefits that they 

could not capture. Hence, it appears to be prudent to find a method 

that could estimate benefits more fully and accurately for economic 

evaluation of a program. 

In this study, we compared three methods for estimating benefits. 

Since SDEM considered only the positively improved cases from the 

first to the third time point, this approach could lead to inaccurate 

estimation of benefits. Ignoring changes occurring between time 

points and excluding worsened cases could lead to overestimation of 

the benefits. RMDEM is more refined than SDEM. Because this 

model traces changes between time points, the number of patients 

whose hypertension severity changed was more accurately calculated 

than in SDEM. For example, in SDEM, the number of patients in our 

study whose hypertension severity changed from severe at the first 

time point to normal at the third time point was 24, but using RM-

DEM, the same group numbered only 19 (18 at second time point 

plus 1 at the third time point, as shown in Table 2). Consequently, the 

difference of 5 patients (i.e., 24 minus 19) lowered the value of esti-

mated benefits of saved hospital admission charges and saved costs 

for prevention of severe complications of hypertension. 

Even though RMDEM calculated the benefit more accurately than 

did SDEM, its limitation was using only positively improved cases, 

not including negative benefits. TPEM overcame this limitation and 

accounted for possible hypertension severity changes in between time 

points and both positive and negative benefits. As shown in Tables 2 

and 3, the probability of the hypertension severity change from se-

vere to normal from the first point to the third point was estimated 

as .69 (24/35) in SDEM. But the probabilities of RMDEM and TPEM 

that compared between first and second point; and second and third 

point were .51 (18/35) and .20 (1/5); and .51 and .41 respectively. Also, 

unlike in SDEM and RMDEM, the probability of hypertension se-

verity change from normal to severe was also estimated as .05. That 

means that patients’ hypertension severity varied widely during the 

program, which provides a rationale for the need for closer attention 

to both positive and negative benefits to get more accurate estimation 

of total benefits. 

In this study, the differences of estimated benefits according to 

benefit estimation models were compared. The BCR was over 1 when 

SDEM was used alone, which could lead to favorable recommenda-

tion for implementation of the program. However, when other meth-

ods (RMDEM and TPEM) were used to estimate benefits of the same 

program, the estimated BCR was lower than 1. That means the esti-

mated total benefit from the program was less than the cost of the 

program, which may lead decision makers not to implement that 

program. 

The statistically significant difference found in this study in BCRs 

between the two models of each set models (SDEM and TPEM; RM-

DEM and TPEM) may be explained by the bi-modal distributions of 

TPEM including both positive and negative benefits. This indicates 

one group had positive status transitional probability and the other 

group had negative status transitional probability. Hence, the total 

negative benefits had to be deducted from total positive benefits. That 

was why the estimated benefit using TPEM was lower than that us-

ing SDEM or RMDEM. This comparison suggests that TPEM is a 

more accurate model for benefit estimation of a program because it 

considers both positive and negative benefits measured at multiple 

points of time, and the results may apply to other similar situations.

CONCLUSION

BCRs were different depending on the methods used for the mea-

surement of benefits. Of the three methods, TPEM showed the most 
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realistic BCR, as it traced possible paths of changing status in between 

time points and it accounted for both positive and negative benefits. 

These different and conflicting evaluation results demonstrated that 

the method to estimate the benefits critically affected the estimated 

BCRs, and decision making about a program. TPEM may be used 

for more accurate estimation of the benefit of a program and the 

higher quality of decision making about allocation of social and fi-

nancial resources. Hence, TPEM may be used for more realistic esti-

mation of the benefit of a program, which may lead to more reality-

based decision making about resources allocation. 
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