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Chapter Two 

Theoretical Framework 

 

 

2.1. Theoretical Model 

According to traditional demand theory, individuals maximize their utility 

function by directly purchasing goods and services in the market. However, Becker 

(1965) demonstrated a significant departure from traditional demand theory in the first 

study of its kind to introduce the concept of the ‘household production function’ as the 

means of analyzing consumer behavior. He considered that some commodities were 

produced with inputs of both market goods and the consumer’s own time, thereby 

entering consumers into the utility function. For example, the theory posits that both 

transportation services and leisure time are used to produce visits to medical care 

services, whilst we also use our own time to produce health, and so on. 

Although some economists were already pointing out in the early 1960s that 

health was a form of human capital, the ‘health demand’ model did not emerge until 

Grossman’s classical 1972 study. In his analysis of consumer behavior, he also 

considered health capital whilst applying the concept of the household production 

function, as developed by Becker (1965). Grossman further considered the whole life 
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period and utilized an inter-temporal utility function. The study was the first of its 

kind to explain the problems involved in healthcare decision-making and formed the 

basis for all future research in the field of health economics. 

In this dissertation, we apply the concepts developed by Becker (1965) and 

Grossman (1972) to construct a theoretical framework for the demand for Pap-smear 

testing. 

Let the utility function of a representative woman be: 

U = U (H, C)                         (2-1) 

where H refers to the woman’s health; and C represents other consumption 

commodities. We assume that UH > 0, UC > 0; UHH < 0, UCC < 0. From Becker’s 

perspective, the representative woman will combine her time and the Pap-smear 

screening services, or market goods, to produce health or other commodities, directly 

entering her utility function. Hence, the health and consumption commodities can be 

written as: 

        H = H (M, TM ; EM )                     (2-2) 

C = C (X, TX ; EX
 )                      (2-3) 

     In Equation (2-2), M represents the screening services, TM is the time spent on 

health investment through screening, and EM represents the other factors influencing 
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the health production function, such as age, educational attainment and income. The 

definition of Equation (2-3) is similar to that of Equation (2-2). 

     As in traditional demand theory, consumers maximize their utility function 

subject to resource constraints, including both budget and time constraints.  

 The budget constraint can be written as: 

I = WTW + N = Pm M + PCC                  (2-4) 

where W is the wage rate, TW is working time, N is other income, and Pm and PC  are 

the respective unit prices of M and C. Equation (2-4) is the budget constraint (I ), 

which arises from wage earnings (WTW ) and non-wage earnings (N ), and equates to 

the spending on screening services and other commodities. 

     The time constraint can be written as: 

T = TW + TM + TX                                 (2-5) 

     The total amount of time available, T , must be exhausted by all possible uses 

including working time (TW ), the time spent on screening activities (TM ) and the 

production of other consumption commodities (TX ). 

     The representative woman maximizes the utility function (2-1), subject to the 

budget constraint (2-4) and time constraint (2-5). We substitute Equations (2-2) and 

(2-3) into Equation (2-1), and obtain (2-1)': 



 8

U = U [H(M, TM ; EM), C(X, TX ; EX)]               (2-1)' 

     By combining Equations (2-4) and (2-5), we get the combined budget and time 

constraint (2-6): 

 W (T – TM – TX ) + N = Pm M + PC C 

 WT + N = (Pm M + WTM) + (PC C + WTX) 
(2-6)

 The problem would appear to be one of maximizing Equation (2-1)' subject to 

the combined constraint (2-6): 

        max. U = U [H(M, TM ; EM), C(X, TX ; EX)]             (2-1)' 

s.t. WT + N = (Pm M + WTM) + (PC C + WTX)            (2-6) 

 We therefore apply the Lagrange multiplier: 

£ = U [H(M, TM ; EM), C(X, TX ; EX)] + 

λ{WT + N = (Pm M + WTM) + (PC C + WTX)
             (2-7)

 

 f.o.c.: 

 M:   ə£⁄əM = UH(əH/əM) – λPm = 0 ⇒ UH (MPM) = λPm (2-7a)

TM:   ə£⁄əTM = UH(əH/əTM) – λW = 0 ⇒ UH (MPTM) = λW (2-7b)

 X:   ə£⁄əX = UC(əC/əX) – λPC(əC/əX = 0 ⇒ UC (MPX) = λPCCX (2-7c)

TX:   ə£⁄əTX = UC(əC/əTX) – λ W = 0 ⇒ UC (MPTX) = λW (2-7d)



 9

ə£⁄ə λ = WT + N – [(Pm M + WTM ) + (PCC + WTX)] = 0 
 λ: 

⇒ WT + N – [(Pm M + WTM ) + (PCC + WTX)] = 0 
(2-7e)

Finally, from Equations (2-7a) to (2-7e) and the application of some algebra, we 

can obtain the demand function for Pap-smear testing, which is written as: 

M = M (Pm , PC , W, N, EM, EX )                 (2-8) 

The factors influencing the utilization of Pap-smear screening are the price of 

the screening services (Pm), the price of other consumption commodities (PC), the 

wage rate (W) and non-wage income (N). There are also other important exogenous 

factors which have impacts on the utilization of cervical cancer screening, such as:  

(i) socio-demographic characteristics, including age, educational attainment, marital 

status, employment status, prior experience of giving birth or prior gynecological 

disease; (ii) geographical factors, including residential location and the urban/rural 

strata, or level of urbanization, of the residence; (iii) health knowledge and 

information; and (iv) accessibility to services. 

 

2.2. Literature Review 

In Section 2.1, we constructed a theoretical model for the demand of cervical 

cancer utilization and showed that there are a number of factors that will affect the use 
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of Pap-smear screening. In many studies within which an exploration of the factors 

influencing the acceptance of Pap-smear testing was undertaken, it was suggested that 

a variety of factors are associated with cervical cancer screening rates. In this section 

we summarize the findings of several of the prior studies on the demand for cervical 

cancer screening.  

It has been reported in a number of studies that two of the most important 

factors having an influence on the acceptance of Pap-smear testing are women’s 

socio-demographic and socioeconomic status. For example, using data from the 

Ontario Health Survey and the US National Health Interview Survey, Katz et al. (1994) 

undertook a comparison of the association between the acceptance of Pap-smear 

testing and levels of income and education, and found that those with higher 

educational attainment and income levels were more likely to undergo screening. 

Chen and Chou (1995) went on to investigate how the cognition of preventive care 

affected the adoption of Pap smear testing amongst women over the age of 40 years 

living in 20 villages, and found that the utilization of Pap smear screening fell with 

advancing age.  

Wang and Lin (1996) subsequently conducted questionnaire interviews on a 

sample of 4,400 women in Taiwan aged ≥20 years to investigate the prevalence of 

Pap-smear screening usage and its association with socio-demographic characteristics. 
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Their results also revealed that age was the most significant factor; women below the 

age of 30 years and above the age of 65 years, as well as those who were unemployed, 

never-married, and those who had lower levels of education, all tended to demonstrate 

low usage rates of Pap-smear screening. Mandelblatt et al. (1999) also examined the 

relationships between age, access to care and Pap-smear testing amongst multiethnic 

women, and once again found that elderly women were undergoing less screening 

than younger women. 

Nguyen et al. (2002) investigated the factors associated with cervical cancer 

screening in Vietnamese-American women above the age of 18 years, with their 

empirical results suggesting that a higher level of education, being married, and 

receiving recommendations from physicians were all associated with the acceptance 

of Pap smear testing. Wang et al. (2005) subsequently employed NHI claims and 

administration data to examine a fixed cohort sample under the ‘generalized 

estimation equation’ method to determine the factors associated with the acceptance 

of Pap-smear testing amongst Taiwanese women. The results again revealed that 

socioeconomic status played a crucial role in the demand for cervical cancer screening 

with the findings indicating that women of lower socioeconomic status were less 

likely to undergo screening check-ups.  

Health insurance is also seen as playing an important role in the utilization of 
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Pap smear testing. Adams et al. (2003) used data from the Behavioral Risk Factor 

Surveillance System (BRFSS) to investigate the likelihood of women undergoing 

Pap-smear testing between 1996 and 2000, with the results confirming that women 

with higher levels of income and/or insurance were more likely to undergo screening 

check-ups. Carrasquillo and Pati (2004) examined the role of health insurance on 

Pap-smear testing utilization by immigrant women, and suggested that a lack of 

insurance was the most significant barrier to women undergoing such screening. 

Rodriguez et al. (2005) also explored the association between cervical cancer 

screening and health insurance status using the 1998 California Women’s Health 

Survey data, and again confirmed that a lack of health insurance coverage was the 

major predictor of low Pap smear test utilization rates.  

Geographical factors are also seen as playing important roles in the utilization 

of Pap smear testing. From their exploration of the effects of community action on 

Pap-smear testing rates in 20 rural Australian towns, Hancock et al. (2001) found that 

women living in larger cities were generally more likely to visit health centers for 

cervical smear testing. Their results provided additional support for the findings of 

Wang and Lin (1996) and Eaker et al. (2001). 

Accessibility to medical care has been reported to be another factor having an 

impact on cancer screening utilization. Zambrana et al. (1999) examined whether 
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accessibility to such care by Hispanic women had any effect on their utilization of 

cervical cancer screening. The results revealed that better accessibility to healthcare 

facilities would increase the likelihood of receiving such screening services. 

Mandelblatt et al. (1999) also suggested a positive association between accessibility 

and cervical cancer screening, whilst in a subsequent examination of the Hispanic 

Established Population for the Epidemiological Study of the Elderly, Wu et al. (2001) 

identified Pap screening patterns amongst 1,403 Mexican American women over the 

age of 67 years. Their results revealed that there was a significant reduction in the 

probability of ever having undergone a Pap smear test amongst those with poor 

accessibility to medical care facilities.  

Finally, although healthcare knowledge/information is another factor seen as 

having an important role to play in the receipt of preventive care services, there are, 

nevertheless, no empirical studies to date which have set out to explore the 

relationship between healthcare information and the demand for Pap-smear screening. 

There are several studies which have used the level of education as an indirect proxy 

for the ‘information’ measure; however, all of these have failed to provide any direct 

method of measurement of the determinants of women’s healthcare information.  

Some studies, going as far back as Arrow (1963), have found healthcare 

information to be a key determining factor on the demand for medical healthcare 
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services. Kenkel (1990) represented the first study of its kind to undertake direct 

measurement of healthcare information based upon responses to direct survey 

questions on the meanings of symptoms in the estimation of the demand for such 

services. The results revealed that information raised the probability of consumers 

using such medical care services.  

Hsieh and Lin (1997) also used direct measurement to examine the linkage 

between healthcare information and the demand for preventive care amongst the 

elderly in Taiwan, and found that more, and better, healthcare information increased 

the probability of the elderly using the preventive care services. Parente et al. (2005) 

went on to similarly explore the impact of knowledge on the demand for preventive 

healthcare amongst the elderly, also concluding that individuals with greater levels of 

information were significantly more likely to use preventive care services. 

 

2.3. Hypotheses 

Prior to the presentation of our empirical analyses, this section summarizes the 

predictions on the roles played by those factors outlined in the following three 

empirical essays, each of which are seen as having an impact upon the demand for 

Pap-smear testing. 
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1. The price of Pap-smear screening 

If health insurance provides coverage for preventive medical care services, this 

reduces the direct costs for the consumer, thereby leading to an increase in the 

demand for such preventive care services. Free cervical cancer screening became 

available for women aged ≥30 years under the NHI system in Taiwan in 1996. Based 

upon the law of demand, with a reduction in the price of screening, there was a 

resultant increase in the demand for Pap-smear testing through the income substitute 

effect. We hypothesize that the impact of the NHI (price = 0) has a positive correlation 

with the utilization of cervical cancer screening. 

2. Income 

Under the assumption that cervical cancer screening is a normal good, we 

hypothesize that women with higher levels of income will more readily accept screening 

check-ups. It has been demonstrated in number of studies that higher income levels raise 

the likelihood of the acceptance of screening check-ups (Katz and Hofer, 1994; Adams et 

al., 2003; Wang et al., 2005). It is therefore considered that this variable will have a 

positive correlation with the utilization of Pap smear testing services. 

3. Other exogenous factors 

(1). Age 

The role played by age with regard to the demand for cervical cancer testing is 
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essentially dependent upon two effects, the health risk effect and the lifecycle effect 

(Kenkel, 1994). Since there is a rise in the depreciation rate of health capital with age 

(Grossman, 1972), there will also be an increase in the risk of cervical cancer with age, 

and a consequential increase in the demand for screening.  

On the other hand, however, with advancing age there is also a corresponding 

reduction in the payoff period for human capital investment (Cropper, 1977), and a 

resultant decline with age in the overall use of preventive care services. The impact of 

age on Pap-smear testing is therefore ambiguous, and will be largely dependent on the 

relative importance of the health risk effect and the lifecycle effect. 

(2). Educational attainment  

Chen and Chou (1995), Wu et al. (2001) and Nguyen et al. (2002) each noted that 

women with higher education levels tended to accept Pap smear testing, indicating that 

they have better knowledge of the importance of preventive care and will therefore tend 

to accept testing more readily than less-educated women. It is therefore assumed that the 

coefficient of the education variable will be positive. 

(3). Geographical location 

It has been shown that different geographical areas result in different Pap-smear 

test utilization levels, with the higher urbanization levels generally being associated 

with better and more plentiful medical care resources, and consequently, greater ease 
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of access to such preventive care services. We therefore hypothesize that those women 

residing in regions with higher levels of urbanization will be more likely to utilize 

screening check-up facilities. 

(4). Information 

According to Kenkel (1990), better informed consumers will have a higher 

evaluation of the marginal product of medical care services; hence, information is 

seen as having a positive effect on the demand for such medical care services. Kenkel 

(1990), Hsieh and Lin (1997) and Parente et al. (2005) each concluded that individuals 

with better information were significantly more likely to use medical care or 

preventive services. In this study, consumer’s health information is similarly 

hypothesized as having a positive impact on the determinants of the demand for 

Pap-smear testing. 

(5). Accessibility 

Better accessibility to Pap-smear screening lowers the opportunity costs of 

undergoing screening check-ups, with some studies having revealed that women with 

easier access to healthcare services are more likely to undergo such screening. Hence, 

the impact of accessibility to Pap-smear testing has a positive correlation with cervical 

cancer screening. 


