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ABSTRACT 

A theoretical and an empirical investigation using Logit 

Analysis, Discriminant Analysis, (Hierachical) Log-Linear models with 

factor interactions and Goodman's measures of optimal prediction and 

uncertainty within the framework of consumer choice theory to explain 

the usage of health-care facilities and the behaviour of individual 

consumers and different population segments seeking medical care within 

the Danfa Community in Ghana, West Africa. 

Based upon the household objective of utility maximization and 

the set of constraints--income, wealth, time, information and health, 

the demand for medical care is estimated as a function of individual and 

system characteristics, i.e. those characteristics describing in broad 

terms the factors of the household's needs, perception, willingness to 

secure care, and abilty to secure care (e.g. age, sex, education, 

ethnicity, type of disease, literacy, health condition, occupation and 

costs of medication, travel and consultation. 

The sources of treatment or the providers of medical care were 

classified into five categories: self, family, drug seller, herbalist, 

and clinic. Our empirical results indicate that an individual's 

decision to seek or purchase medical care is more likely to be based on 

individual characteristics such as the number of unhealthy days rather 

than on system characteristics such as prices or costs of medication, 

travel, etc. This study has also revealed that some segments of the 

Danfa population in Ghana are more likely to exhibit an increasing 

xi 



xii 

preference or avoidance for certain health care facilities than others 

or use health-care facilities in different ways by either purchasing 

more or less medical care than other consumer groups. In assessing the 

effects of changes in the levels of particular factors on health-care 

decisions, our empirical results indicate that there is a reduction in 

total medical outlays for some consumers if there is a rise in the 

number of unhealthy days or an increase in the cost indices of 

medication, travel, and consultation. 

Policy measures for improvement in the future, including the 

reduction of the number of unhealthy days and household medical care 

expenditures throubh preventive health care education, community-based 

health insurance schemes for various occupational groups, and improve

ment of access capabilities or income earning capabilities through the 

encouragement of proper organization of economic activities within the 

rural community have been recommended in this study. 



CHAPTER 1 

INTRODUCTION 

This study is concerned with an attempt to develop a theoretical 

and an empirical model for analyzing the health-care seeking behavior of 

a rural community in Ghana. As in most African countries, 

nontraditional or scientific health care exists and competes with 

traditional forms of care. It is commonplace observation in Ghana that 

in an attempt to seek medical care, the rural population utilize the 

services provided from the traditional health institutions and the 

nontraditional or scientific health care institutions. But this 

observation immediately suggests the following questions: 

1. What are the determinants of utilizing health care facilities by 

the various groups within the rural community? 

2. Do these groups consider health care as different from other 

economic goods and services? 

3. Does the individual prefer one source of treatment to another 

because of 

a. lack of time? 

b. no money? 

c. lack of knowledge? 

d. lack of energy? 

e. poor health status? 

f. high tastes? 

1 
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g. urgent needs? or 

h. inefficient provider of services? 

The following chapters in this study attempt to discuss these questions 

and the methods of analysis and specific models proposed as an answer. 

In Ghana health care planners are focusing more and more 

attention on the development and improvement of the health care system. 

Yet the health care analysts and planners find themselves inadequately 

equipped to evaluate proposals for primary health care improvements and 

expansion. As a result, the planner cannot determine with any 

reasonable certainty how many individuals would use one particular 

health care facility, nor can he realistically forecast the users of a 

health care unit. 

Therefore, it is essential for planners of health care programs 

to seek methods of devising "health care seeking" behavioral functions. 

It is hoped that these behavioral functions can isolate the relative 

extents to which certain factors (economic, psychological, 

physiological, physical, e.g., time, money, knowledge, energy, health 

status, tastes, and needs) influence the health care seeking behavior of 

different groups in the Ghanaian community. 

The term "behavioral" is interpreted differently by different 

investigators. According to Domencich and McFadden (1975) some authors 

classify model as behavioral if a given statistical technique is used 

in estimating its parameters. Others imply that only a model which is 

based on attitudinal survey data is behavioral. In this study, whether 

a model is behavioral or not is not determined by either the statistical 

estimation techniques or the type of data on which the model is based, 
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but a behavioral model will be defined as one which represents the 

decisions that individuals take when confronted with alternative 

choices. In other words, the model must attempt to describe the causal 

relationships between socioeconomic and health care system 

characteristics. 

In this study, health care shall be defined as the entire bundle 

of services and commodi ties aimed at directly preventing, curing, or 

palliating illness. There is a feeling that health care is somehow 

different from other economic goods and services. For instance, it 

affords satisfaction only in the event of illness, a departure from the 

normal state of affairs. 

Objectives and Scope of the Study 

The main focus of this study is directed toward the 

investigation and determination of the circumstances under which the 

rural sick prefer one type of medical attentior. to the other. In 

earlier studies (based on literature review and consultations with 

doctors and other experts in the health care service) a number of 

socioeconomic variables are found to have an important influence upon 

the health care seeking behavior of a community, e.g., age, sex, 

occupation, level of education, religious belief, geographical region, 

type of illness, income, travel distance, etc. Therefore, in this study 

an attempt will be made: 

1. To identify the socioeconomic variables that might be expected 

to influence the health care seeking behavior of the different 
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groups in a rural community in Ghana (i.e., in the Danfa Project 

Area) ; 

2. To analyze the extent of the influence of the socioeconomic 

variables upon the health care seeking behavior in the context 

of a health model (i.e., an econometric model of demand); 

3. To explain the differences in health care seeking behavior in 

terms of differences in the socioeconomic variables. 

The predictions will be tested on the basis of a cross-sectional 

survey of the general (household) population data collected in the Danfa 

Health Project Area by the Ghana tledical School, University of Ghana, 

Legon, Accra, and the School of Public Health, University of 

California--Los Angeles (UCLA). 

The Hypothesis of the Study 

Since the aim of this investigation is to develop a model that 

will explain the modal choice of a particular group in the rural 

community, the first step is to construct a hypothesis that will explain 

the mechanism by which choice is made. 

Based on the literature reviewed and consultations with doctors 

and other experts in medical services in Ghana, a number of hypotheses 

could be advanced. For example: 

1. There is no significant difference between the individuals who 

utilize the health care services provided by the traditional and 

the nontraditional institutions and the following socioeconomic 

variables: age, sex, level of education, tribe, Ii teracy 

status, value of assets, etc. 
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2. The individual will choose the mode or the institution whose 

speed in terms of cure, cost, and comfort advantages, weighted 

by their importance to him, produce the most favorable 

combination relative to other health care institutions or modes. 

The weights will be in some part determined by the 

characteristics of the individual himself, his environment, the 

institution he is visiting, and the provider of the health care 

services. 

3. There is no significant difference between users ()f the 

traditional and nontraditional health care institutions and the 

following ailments: skin diseases, mental diseases, abdominal 

diseases, bone diseases, chest diseases, venereal diseases; etc. 

There is no doubt that each of these hypotheses will explain the 

modal choices made by some individuals in the rural community, but they 

are all open to serious criticism. It might, however, be possible to 

combine the above three hypotheses into a single, more general 

hypothesis: 

There is no significant difference between users of the 

traditional and nontraditional health care institutions and factors 

describing the following: 

1. Existence of real physiological needs; 

2. Perception of real or supposed physiological needs; 

3. Willingness to meet felt needs by securing medical care; 

4. Ability to secure medical care. 



6 

This, then, is the hypothesis that forms the basis, explicitly 

or implicitly, of a behavioral demand (mode choice) model. A similar 

hypothesis has been developed by Wirick and Barlow (1964). 

Assumptions of the Study 

Health care in any community has several characteristics which 

make it different from other economic goods and services. Thus, it is 

now appropriate to examine the assumptions that are necessarily implied 

by the above observation so as to emphasize its difference from other 

economic goods and services. For instance, the following assumptions 

are necessary for the above observation: 

1. That medical care is typically not sought until it becomes a 

preferable alternative to the pain and other consequences of 

illness; that is, medical care is generally not wanted for its 

own sake. Many consumers, although sick, do not desire 

treatment and may even be ignorant of their sickness. 

2. That many of the decisions determining the type and quantity of 

consumption of medical care are made by the provider rather than 

the patient. That means when the need arises, steps are 

frequently taken to meet it in spite of the economic barriers 

(income, assets, and prices) which act more effectively as 

constraints on the consumption of most other commodities. 

3. That the needs which generate the demand for health care occur 

in a relatively random fashion and, therefore, the amount and 

timing of health care needs are not highly predictable for any 

indi vidual. 
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4. That medical care is characterized by a low degree of 

substitutability; that means, most health care needs are highly 

specific and alternative commodities are not able to supply an 

approximate and equivalent satisfaction. 

5. That the mentally sick fit oddly into a "consumer's sovereignty" 

model; in addition, a similar conclusion must hold with regard 

to patient who, although knowing that they are sick, fail to 

demand treatment. That means, the individuals in question are 

behaving inconsistently with the preferences of an entirely 

different set of individuals. 

6. That the patients frequently will not be able to calculate the 

cost they will incur in receiving medical treatment. That 

means, individuals who seek medical care usually do so before 

they know how much cost they will be incurring. In the face of 

this uncertainty, it is clearly possible that they may take 

decisions which subsequently they may come to regret. 

These six assumptions form the basis of the distinction between 

health care and other economic goods and services. 

The Plan of This Study 

The second chapter of this study explores the background history 

of medical care in Africa. It discusses the view that traditional 

African physicians evolved effective--even sophisticated--diagnostic and 

t.herapeutic modalities in medicine which belie the notion that Africa 

was without a medical science before contact with Europe. Finally, it 

describes the medical practices in Ancient Africa, which show that all 
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traditional African cultures had a magico-spiritual conception of 

disease but that there is no single paradigm of medical practice that 

applies to all of Africa, even though many ~f the essential features of 

various institutional systems are comparable and even identical. 

Chapter 3 describes the two medical institutions (traditional 

and nontraditional) in Ghana. It also gives an insight into the 

training of medical practitioners, routine medical practices, the 

diagnosis, the cases and the treatment of illness in the two medical 

systems in Ghana. In addition, a brief review of the national 

background of Ghana is provided for the reader unfamiliar with this West 

African nation. Finally, this chapter also attempts to examine the 

manner in which the traditional medical system still continues to serve 

the needs of the Ghanaian society. 

Chapter 4 explores the theoretical implications of economic 

theory of individual consumer behavior. It sets the behavioral model of 

modal choice in the framework of a generalized choice model, based on 

utility theory. It goes on to discuss the theory of the individual in 

the choice of health services and also the factors that impinge on a 

household's decision in Ghana to select one health care modality rather 

than another and to place this decision in the context of an operational 

empirical health care demand model. Finally, this chapter demonstrates 

the way in which explanatory variables enter into a choice decision and 

also establishes the link between the theory of individual behavior and 

disaggregate demand data obtained from sampling a rural population by 

developing a discrete choice model with a sufficiently simple structure 
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and small number of unknowi, parameters to permit the application of 

practical statistical estimation methods. 

Chapter 5 examines the statistical properties of the methods of 

analysis available for the estimation of discrete choice models. The 

methods and models are regression analysis, linear probability models, 

inequality-restricted least squares model, random utility model, logit 

analysis, probit analysis, elimination-by-aspects model, and 

discriminant analysis. This chapter attempts to examine the general 

specification and efficient estimation methods of qualitative choice 

models. Since for a number of reasons the adequacy of regression 

analysis for the purpose of this study is in doubt, it is the aim of 

this chapter to delineate these inadequacies and to consider a number of 

alternative techniques which may be better suited to the type of 

analysis being undertaken. 

Chapter 6 discusses the collection and preparation of sample 

data for the empirical study. It also considers the variables to be 

included in the model, with particular attention to the forms and 

combinations of variables to be used. That is, it investigates the 

range of variables available for use in explaining modal/discrete choice 

and selects those variables that appear most promising from the point of 

view of health care modal-choice situations and their availability from 

the sample survey questionnaire. Finally, this chapter describes the 

quality of the data base obtained from the UCLA Danfa data files which 

comprise some 12 to 15 million items of information collected by the 

Danfa Comprehensive Rural Health and Family Planning Project staff in 

Ghana over a period of ten years. Chapter 7 examines how the variables 
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described in the previous chapter relates to the selection of medical 

care facility by examining the crude figures for any obvious 

peculiarities. An attempt is made to check the data set by an 

examination of the frequency tables of the more important variables and 

by consideration of statistics appropriate to qualitative data. 

Finally, this chapter will also attempt to present statistical profile 

of the most significant attributes of the data set and the possible 

interactions of these attributes for the estimation of discrete choice 

and log-linear models. That means, emphasis will be placed on insuring 

the validity of the sample data and on eliminating invalid or 

questionable observations and factors through the use of log-linear 

models and chi-square tests of simultaneous and association to determine 

whether they are necessary in the models for the data being used. 

Chapter 8 presents calibrated models along with a discussion of 

the estimation results and policy implication. In the statistical 

estimation, this chapter explores the general linear and semi-log 

models, estimated by ordinary least squares, the stepwise discriminant 

analysis and the logit models estimated maximum likelihood methods. The 

statistical results obtained in this chapter made use of the following 

computer programs: 

1. BMDP--is a software system developed by the Department of 

Biomathematics, UCLA, Los Angeles, California, United States, 

for estimating both the logit models and discriminant functions. 

2. CHOMP-a research-oriented program developed by Daganzo et al. 

(1977) for estimating the multi-nomial probit model. 
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Chapter 9 summarizes the main points of each chapter the 

conclusions drawn from the study, along with a brief discussion of 

policy implications. 



CHAPTER 2 

AFRICAN BACKGROUND AND CONTRIBUTIONS 

TO MEDICAL SCIENCE 

In this chapter, an attempt will be made to discuss the view 

that traditional African physicians evolved effective--even 

sophisticated--diagnostic and therapeutic modalities in medicine which 

belie the notion that Africa was without a medical science. The 

discussion here is mainly based on studies by Frederick Newsome (1979) 

and Char les Fi nch (1982). 

In his paper, Newsome (1979) pointed out that during several 

millenia, Africans in ancient Egypt made numerous contributions to 

medicine and were acknowledged as the inventors of the art of medicine. 

Studies by Newsome also show that Africans produced the earlier 

physicians, medical knowledge, and medical literature. He also 

introduced several aspects of Egyptian medicine and demonstrated what a 

debt Greece owed to African medical texts. According to Newsome, 

Africans contributed to the development of medicine in ancient Greece. 

Ancient writers, including Herodotus, Isocrates, and Diodorun affirm 

this. Further details are in the works of Van Hook (1946), Oldfather 

(1968), and Rawlinson (1952). Newsome (1979) points out further that 

modern presentations of ancient medicine, however, deprive Africans of 

the knowledge of their early contributions to medicine by ignoring or 

subtly misrepresenting the African identity of the ancient Egyptians. 

12 



13 

Charles Finch (1982) added a new chapter to the inquiry into 

ancient African medicine. He pointed to specialization in African 

medicine as early as the Old Kingdom, where diseases of each organ were 

under the care of a specialist. In the later epochs, the specialist 

disappeared as the European physician began to function as a generalist. 

According to Finch, the Egyptians also developed specialist guilds, like 

the guild of bonesetters which treated fractures and dislocations. 

Their doctors dispensed prescriptions in accurate, standardized doses. 

However, their medicine chest, according to Finch (1982) was vast and it 

included as many as a thousand plant, animal, and mineral products. He 

further indicated that medical services were available to all, and 

doctors were employed by the state. To him, the Egyptians, therefore, 

seemed to have had some form of socialized medicine. 

In his paper on ancient African medical science, Finch (1982) 

also outlined the diagnostic methods of Egyptians including their 

advanced and detailed knowledge of neuroanatomy, of the structure and 

function of the cardiovascular system and their possible awareness of 

the bactericidal properties of penicillin. He also indicated their 

unsurpassed kills in bandaging, and their use of molds made from bread 

and cereals. 

Studies by Finch go beyond the developments in Egyptian medicine 

to medical advances among Africans in other parts of the continent. In 

one of his studies, Finch (1982) claimed that Africa has been subjected 

to so many centuries of almost continuous political, social, economic, 

and cultural invasion and disruption that a tremendous amount of 

knowledge has been lost and so "the state of traditional medicine today 
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does not reflect the best of what the traditional doctors knew" but 

surviving fragments of eyewitness reports still tell people quite a lot. 

The two authors, Newsome (1979) and Finch (1982) have attempted 

to show in their papers that the traditional doctors of Africa from the 

earliest times had a high level of medical and surgical skill, certainly 

much more than they have been given credit for. To Finch, traditional 

African cultures and civilizations knew and accomplished much more than 

has traditionally been assumed. Discussions which follow will now 

specifically be based on studies by the two authors mentioned above. 

Background History of Medical Care in Africa 

The early African people known today as the ancient Egyptians 

lived along the Nile River and called their nation Kmt, which according 

to Gardiner (1976) means "black village," "black city," or "black 

community." Newsome's (1979) discussion considered three major 

contributions made to the early history of scientific medicine by the 

ancient people of Kmt. These are: 

1. They produced the world's first medical knowledge and 

literature; 

2. They produced the world's first physicians who for millenia 

enjoyed the reputation of being the most skilled in the world; 

3. They influenced and contributed to the development of medicine 

in ancient GreecL 

According to Manetho (300 B.C.) later translated by Robbins 

(1971), one of the earliest physicians, if not the first, known to 

history was the versatile author, anatomist and African king, Athothis. 
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Athothis was the son of the first king of Egypt, Menes (3200 B.C.) who 

ruled for 27 years, practiced medicine, and wrote books on anatomy. 

However, medical historians, such as Osler (1921), Ackerknect o 

(1955), and Sigerist (1951), generally recognize the African multi genius 

Imhotep as the first physician or the first universal scholar, 

architect, engineer, and statesman. Over centuries, Egyptians in need 

of healing flocked to shrines ,and temples erected in honor of Imhotep. 

The early Greeks knew Imhotep as Imouthes and they identified him with 

their later god of healing. In his biography of Imhotep, Hurry (1978) 

claims that Aesclepios, the Greek God of Medicine, and the present 

symbol of medicine in the western world has usurped this position from 

Imhotep. 

Considering the importance of writing to medicine today, Newsome 

(1979) pointed out that it is'not surprising that the art of medicine 

developed first in Africa where the art of writing was performed on the 

processed African papyrus plant at a very early date. The word "paper" 

deri ves from "papyrus," whi'Jh according to Majno (1977) probably 

influenced the history of medicine more than any ancient drug. 

According to Newsome, it has been argued that the first medical 

knowledge was dietetics, since the early Egyptians had a persuasion that 

every disease to which men are liable is occasioned by the substances 

whereon they feed. However, he pointed out that there is evidence that 

shows ancient Egypti~n medicine included more than dietetics. This is 

drawn from the surviving, translated medical papyri which represent the 

oldest medical know ledge and 11 terature. Two of the most important 
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medical papyri include the Ebers papyrus (1500 B.C.) translated by Ebbel 

(1937) and the Edwin Smith papyrus (2600 B.C.) translat.ed by Breasted 

(1930) and kept at the New York Academy of Medicine. The medical papri 

include a considerable share of magic and religion, but also contain 

anatomy, herbal pharmacology, pathololY, physical diagnosis, and what 

today would be called scientific medicine. The Ebers papyrus contain 

chapters on intestinal disease, helminthiasis, ophthalmology, 

dermatology, gynecology, obstetrics, pregnancy diagnosis, contraception, 

dentistry, and surgical treatment of abcesses, tumors, fractures, and 

burns. I't also contains a section on the movement. of t.he heart, t.he 

pulse, and diagnostic percussion. Medical specialization was also 

apparent from the papyri. 

Authors such as Wilson (1962), Saunders (1963), Lut.h (1963), and 

Ghalioungui (1968) have also noted the strong influence of African 

medicine on Greek medicine. Generally speaking, Newsome (1979) 

emphasized the influence of the Egyptian arts and sciences in the 

development of .the Greek art.s and sciences. The translation by 

Rawlinson (1952) indicated that Herodotus in his early writings noted 

the following originat.ing from Egypt.: "almost. all the names of t.he 

gods," "solemn assemblies, processions, and litanies to t.he gods," 

astrology, geometry, the correct calendar, and astronomy. Strabo's 

translation by Jones (1967) also pOinted out. that many of the well known 

Greek philosophers and scientists went to Egypt t.o be educated and 

transported their acquired knowledge upon ret.urning to Greece. These 

include Pythagorus (550 B.C.), Plato <375 B.C.), and Hales (600 B.C.). 

Modern treatments of the Egyptian influence on Greek philosophers can be 
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found in studies by James (1916), ben-Jochannan (1973), and Christian 

(1972). Complete treatments of the contributions of Africans to the 

early history of scientific medicine and of the attempt of some modern 

scholars to conceal or misrepresent these contributions are given by 

Diop (1974), Jackson (1910), and ben-Jochannan (1911). 

Medical Practices in Ancient Africa 

The discussion here is based on studies by Finch (1982) who 

attempted to show that traditional African physicians evolved 

effective--even sophisticated--diagnostic and therapeutic modalities in 

medicine which belie the notion that Africa was without a medical 

science. 

According to Finch (1982), like all African medicine, Egyptian 

medicine has baffled scholars because of the complete interpenetration 

of "magico-spiritual" and "rational" elements, which has been downplayed 

or belittled. However, Ghalioungui (1973) concedes that healing, being 

a complicated psychic as well as a physical process, may be amenable to 

an approach that touches that hidden area of psyche beyond the reach of 

rational therapy. Even modern medicine, as Finch pointed out, concedes 

that as much as 60 percent of illness has a psychic base but today's 

generation likes to deride this magico-spiritual medicine which does 

produce startling results that most people do not understand. 

Sigerist (1951) has indicated that Egyptians were writing 

medical textbooks as early as 5000 years ago, but in one of his studies 

Ghalioungui (1973) pointed out that much of the training and instruction 

of the healing priests must have been orally transmitted, as i-c is in 
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the re~~ of Afric& Therefore, it is likely that today people only have 

a partial grasp of the true scope of Egyptian medical knowledge. 

Egyptian physicians were instructed in the "per ankh" or "house of life" 

which served as a university, library, medical school, clinic, temple, 

and seminary. In the Old Kingdom, the diseases of each organ were under 

the care of a specialist. However, contemporary doctors are accustomed 

to believing that modern specialty medicine resulted from a progressive 

evolution of medical techniques and knowledge, hardly realizing that it 

is a throwback to the earliest form of Egyptian medical practice. 

Studies by Sigerist (1951) revealed that in ancient Egypt, a 

physician summoned to examine a patient would begin with a careful 

appraisal of the patient's general appearance followed by a series of 

questions to elicit a description of the complaint. The color of the 

face and eyes, the quality of nasal secretions, the presence of 

perspiration, the stiffness of the limbs or abdomen, and the condition 

of the skin were all carefully noted. The physician was also at pains 

to take cognizance of the smell of the body, sweat, breath, and wounds. 

The urine and feces were inspected, the pulse palpatated and measured. 

The Egyptians were well versed in many pathological syndromes. The 

identification of a disease necessitates acute and painstaking clinical 

observation. Egyptian physicians also understood the origin of 

paraplegia and paralysis from spinal cord injuries and recognized the 

traumaitc origin of neurological symptoms such as deafness, urinary 

incontinence, and priapism. 
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According to Ghalioungui (1973), Egyptians, like many other 

peoples in Africa and the rest of the world, practiced trephination--an 

operation which is a forerunner of neurosurgery. Trephination involves 

boring a hole through the skull to the outer covering of the brain to 

remove fragments from a skull fracture compressing the brain, to treat 

epilepsy, or to relieve chronic headache. Today in Africa there are 

people who have undergone this operation with no apparent ill effects, 

and according to Finch (1982), there are skulls from ancient Egyptian 

graves with definite signs of healing around the trephination site, so 

it is clear that patients have survived this operation. 

As is seen very commonly in Africa, there was a separate guild 

of bonesetters in Egypt who treated fractures and dislocations. These 

specialists devised effective methods for reducing collar bone fractures 

and treating nasal fractures by the insertion of stiff nasal packings 

into the affected nostri 1, a method also used today for uncomplicated 

nasal fractures. In addition, the Egyptians had perhaps three to four 

thousand years of experience dissecting and bandaging mummies, and this 

must have had beneficial effects on surgical technique. Like the 

ancient Chinese, they used molds from bread or cereals to treat wound 

infections. Modern penicillin was extracted from a mold so the priest

physicians must also have been aware of its bactericidal properties. 

Like all African peoples, Finch (1982) noted that Egyptians had 

a large "materia medica," using as many as 1000 animal, plant, and 

mineral products in the treatment of illness. For instance, night 

blindness caused by vitamin A deficiency was treated wi th ox li verso 

Patients with scurvy--caused by vitamin C deficiency--were fed onions. 
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According to Ghalioungui (1973), Egyptians dispensed their prescriptions 

as pills, enemas, suppositories, infusions, and elixers in accurate, 

standard doses, causing some to wonder if they had separate pharmacies 

and pharmacists. 

In the studies by Ghalioungui, it is evident that Egyptians were 

also quite knowledgeable in handling obstetric and gynecological 

problems. They had means of inducing abortions and preventing 

conception. In their pregnancy tests, they sprinkled a sample of a 

woman's urine on growing cereals and if the cereals did not grow, the 

woman was considered not pregnant. If they did grow, she was declared 

pregnant. Modern experiments have shown that a pregnant woman's urine 

has a permissive effect on the growth of barley in about 40 percent of 

the cases, demonstrating, according to Finch (1982), that there must 

have been some validity in the world's first pregnancy test. 

Finch (1982) is of the view that a glimpse of the medical system 

of this ancient African civilization shows that it deserves its 

reputation as the best and most advanced of antiquity. To him, medicine 

as we know it today began in Egypt rather than in Greece. He pointed 

out further that a study of other African systems of medicine is more 

problematical, because of the absence of surviving written records. 

Thus, most of what is known today comes from the testimony of early 

European missionaries whose contemptuous view of traditional culture was 

most pointed when writing about traditional medical practices. 

Nonetheless, Finch observed that it is possible to show that the best of 

the traditional healers in various parts of Africa acquired a startling 
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level of proficiency, and contrary to contemporary opinion, were not 

without a medical science. 

According to him, it is pertinent for one to remember that the 

continent of Africa has been subjected to centuries of almost continuous 

political, social, and cultural disruption and invasion and that--among 

cultures that rely heavily on oral transmission of knowledge--a 

tremendous amount of knowledge has been lost. Thus, the state of 

traditional medicine today does not reflect the best of what the 

traditional doctors knew and surviving fragments of eyewitness reports-

as shall be shown later--indicate that the Africans knew quite a lot. 

Levels of Medical Skills in Ancient Africa 

Studies by Finch (1982) have shown that all traditional African 

cultures had a magico-spiritual conception of disease. Thus in this 

setting, Africans are of the view that moral, social, or spiritual 

transgressions are likely to lead to illness because they create both 

individual and communal disharmony. Without the psychospiritual cure, 

the medicinal cure in Africa is considered useless. The traditional 

practitioner is intimately acquainted with the psychic, social, and 

cultural nuances of his people. It has also been acknowledged that the 

traditional doctor is often an expert psychotherapist, achieving results 

with his patients that conventional Western psychotherapy cannot. 

It is obvious that there is no single paradigm of medical 

practice that applies to all of Africa. However, many of the essential 

features of the various traditional systems are comparable and even 

identical. That is, there exists a pattern that repeats itself 
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throughout Africa. For instance, all children's diseases, all 

obstetrics, all of the "everyday" complaints are handled by women, 

particularly the elderly women, while surgery, bonesetting, and special 

"diagnostic and therapeutic problems are handled almost exclusively by 

men. 

The treatment approach to the patient can vary in different 

parts of Africa. In some societies, where the doctor is credited with 

paranormal insight, the physician may arrive at a diagnosis and 

prescribe treatment without questioning or examining the patient since 

he is supposed to know what is wrong by virtue of his special powers. 

However, other traditional doctors affect an approach toward physical 

diagnosis closer to Western style, which Finch describes as follows: 

••• the traditional medical experts have a profound knowledge 
of the human body and anatomy ••• demonstrated by a usually 
careful diagnosis beginning with a history of the disease 
followed by a thorough examination. • •• He palpates the 
different parts and looks for tender spots. He feels the 
beating of the heart, the position of the inner organs p and 
checks the eyes and ears, and smells the mouth for bad breath . . . 

Most authors have disparaged the traditional doctor's knowledge 

of anatomy and physiology. According to Harley (1970), the Mano of 

Liberia have names for most of the major organs and know the difference 

between normal and abnormal anatomy. Another author, Davies (1965), 

notes that the Banyoro of Uganda, renowned in the last century for their 

surgical skill, had a wide knowledge of anatomy. Furthermore, a Hausa 

maneuver to test for impotence in Africa has been described by Imperato 

(1979) as follows: 



••• An individual is stripped and placed on a mat lying on his 
back. A pin or thorn is lightly rubbed over the inside of his 
thigh. If the scrotum or testicles do not move, the individual 
is considered impotent. There is a physiological basis for this 
procedure. The maneuver in effect tests the cremasteric reflex . . . 
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The above passage, according to Finch (1982), belies the notion 

that African doctors were without knowledge of some of the body's 

physiological processes. Finch also pointed out that these interesting 

fragments do not by themselves admit of a sophisticated anatomical or 

physiological knowledge, but they hint of a greater degree of 

knowledge--perhaps in the past ages--than has hitherto been recognized. 

Some case studies in East-Central Africa have brought to light 

some remarkable evidence revealing the presence of scientific medicine 

there. The practice of carrying out autopsies on patients dying of 

unknown 'causes among the Banyoro of Uganda and the Likundu of Central 

Africa has been carried out to detect a possible witchcraft etiology. 

Further, Davies (1959) made a report of a Banyoro king who commissioned 

a tradi tional doctor to travel around the countryside to investigate, 

describe, and search for a cure for sleeping sickness, which was 

ravishing the country of Uganda at that time. To Finch (1982), this 

clearly indicates that a spirit of clinical investigation did exist 

among Banyoro physicians and probably among other traditional 

practitioners as well. 

In some parts of Africa, it would seem that the traditional 

doctor had a firm grasp of some fundamental public health principles. 

For instance, in Liberia Imperato (1979) found that the Mano developed 

an admirable quarantine system for smallpox. The Mano were also found 
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to be well aware of its contagiousness and thus set aside a "sick bush" 

for affected patients. This was situated well away from the village and 

the patient was attended by only one person; no one else was allowed to 

approach the area. The patient was put on a careful diet and was rubbed 

with tropical anesthetic medications to prevent scratching which could 

lead to superinfection. When he illness ran its course, the area was 

burned. Of further interest to Finch is the centuries-old practice of 

smallpox variolation which is carried out all o'ver Africa. During an 

epidemic, material from the pustule of a sick person is scratched into 

the skin of unaffected persons with a thorn. In the majority of 

instances, there is no reaction and the persons inoculated are protected 

against smallpox. In some cases, the inoculation will produce a mild, 

nonfatal form of the disease which will also confer permanent immunity, 

which according to Finch indicates that centuries before contact with 

Europe, Africans had devised an effective vaccination method against 

smallpox. 

In the area of surgery, the best evidence indicates some African 

surgeons attained a level of skill comparable, and in some respects 

superior, to that of Western surgeons up to the 20th century. As in 

ancient Egypt, the bonesetter guilds were separate from those of the 

tradi tional doctors and were renowned for their skill. In his study, 

Harley (1970) has indicated that Mano bonesetters of Liberia treated a 

patient with a thigh fracture by placing him in the 10ft of a house, 

allowing the affected leg to dangle free with a heavy stor.e attached. 

This was a very effective traction method and once the fracture was 

reduced, it was immobilized with a tight splint. Bonesetters in other 
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parts of Africa would dig a deep pit for the purpose of exercising 

traction on a fractured limb. and in East Africa the bonesetters reduced 

fractures and dislocations by manual minipulation and traction. These 

examples, to Finch, indicated that the bonesetters' reputation was not 

entirely undeserved. 

In many areas, especially among warlike peoples, the traditional 

physician was particularly adept at treating traumatic wounds. One 

report in Harley (1970) describes the treatment of an open wound by the 

following method: plant juices with antiseptic properties were squeezed 

into the open wound, a red hot metal tip was used to cauterize bleeding 

points and burn away damaged tissue, the wound edges were closed with a 

tough thorn, an awl, and fibrous suture, and a fiber that was wrapped 

tightly around the wound to prevent bleeding. The wound was never 

closed until the bleeding had been stopped. In another documented 

instance in Harley (1970), a native surgeon WaS seen using stiff 

elephant hairs to probe for and successfully remove a bullet. In 

Nigeria, a man who had had his abdomen ripped open by an elephant was 

treated by the doctor by replacing the intestines in the abdominal 

cavity, securing them in place with a ~alabash covering, and finally 

suturing together the overlying abdominal wall and skin. According to 

Harley (1970), not only did the man recover, but was soon back working 

on a road gang. In East Africa, Johnston (1902) has observed that Masai 

surgeons were known to successfully treat pleurisy and pneumonitis by 

creating a partial collapse of the lung by drilling holes into the chest 

of the sufferer. 
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One of the most remarkable examples of African surgery ever 

documented, is an eyewitness account by a missionary doctor, Felkin, of 

a Caesarean section performed by a Banyoro surgeon in Uganda in 1879 and 

described by Davies (1959) as follows: 

• •• The patient was a healthy-looking primipara (first 
pregnancy) of about twenty years of age and she lay on an 
inclined bed, ••• she was half-intoxicated with banana wine, 
was quite naked and was tied down to the bed by bands of bark 
cloth over the thorax and thighs. Her ankles were held by a man 
• • • while another man stood on her right steadying her abdomen 
• •• the surgeon was standing on her left side holding the 
knife aloft and muttering an incantation. He then washed his 
hands and the patient's abdomen first with banana wine and then 
water. The surgeon made a quick cut upwards from just above the 
pubis to just below the umbilicus severing the whole abdominal 
wall and uterus so that amniotic fluid escaped. Some bleeding 
points in the abdominal wall were touched with red hot irons. 
The surgeon completed the uterine incision, the assistant 
helping by holding up the sides of the abdominal wall with his 
hand and hooking two fingers into the uterus. The child was 
removed, the cord cut, and the child was handed to an assistant. 

The report, according to Finch (1982), goes on to say that the 

surgeon squeezed the uterus until it contracted, dilated the cervex from 

inside with his fingers, removed clots and the placenta from the uterus, 

and then "sparingly" used red-hot irons to seal the bleeding points. A 

porous mat was tightly secured over the wound and the patient turned 

over to the edge of the bed to permit drainage of any remaining fluid. 

The peritoneum, the abdominal wall, and the skin were approximated back 

together and secured with seven sharp spikes. A root paste was applied 

over the wound, and a bandage of cloth was tightly wr apped around it. 

Within six days, all the spikes were removed. The missionary doctor, 

Fellain, according to Davies (1959), observed the patient for 11 days, 

and when the doctor left, mother and child were alive and well. 
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In Europe at that time, Caesarian sections, as pointed aut by 

Finch (1982), were performed only under the most desparate 

circumstances, and only to save the life of the infant. To Finch, a 

Caesarean section to save the lives of both mother and child was unheard 

of in Europe nor are there records of such a procedure among the great 

civilizations of antiquity. As one researcher pointed out: 

••• The whole conduct of the operation as Felkin described 
suggests a skilled long-practiced surgical team at work conduct
ing a well-tried and familiar operation with smooth efficiency 
and unhurried skill. • •• Lister's surgical team in London 
could hardly have performed with greater smoothness. • •• (See 
Davies (1959), p. 52). 

Finch (1982) again observed that the operation was without 

question a landmark, reflecting the best in African surgery. 

Some researchers have also observed that African midwives 

possessed a good understanding of some fundamental obstetric and 

pediatric principles. For instance, Mano midwives in Liberia pulled 

repeatedly at the breasts of women in labor, a maneuver which induces 

the release of oxytocin--a stimulator of uterine contractions--from the 

pituitary gland. They sometimes, according to Finch, took laboring 

mothers upon t.heir backs, walking around wit.h t.hem and shaking them. 

This undoubtedly had the effect of causing the cervix to dilate and the 

head to engage, thus facilitating labor. In addition, Harley (1970) 

attributed the rare occurrence of rickets among Mano children in Liberia 

to the practice of exposing newborn babies and infants to the sun for a 

period of each day "to make them strong." 

It has also been observed that traditional African cultures have 

an abundant materia medica. For example, in his study, Bryant (1966) 
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observed that Zulus are l'eputed to know the medical uses of some 700 

plants. Kola, ouabain, physostigmine, capisicum, and calabar beans are 

just a few of the substances from the African materia medica that have 

made their way into Western pharmacopeia. (See Thompson (1965), p. 88). 

Below is a brief review of the discussion by Finch (1982) of how 

Africans use drugs to combat various types of illness. In Africa, 

traditional midwives often have drugs that can induce abortion in the 

first three months of pregnancy, and in Uganda, in an area where there 

is a high incidence of dystocia (retarded labor), the midwives have 

preparations which stimulate uterine contractions. "Fever-leaf" is used 

allover Africa to treat the recurring fevers of malaria. Certain 

Bantu-speaking peoples use the bark of "Salix capensis" (willow) to 

treat the musculoskeletal complaints of rheumatism. This family of 

plants yields salicylic acid, the active ingredient in aspirin, a 

sovereign remedy the world over for musculoskeletal pains. Kaolin, the 

active ingredient in Kaopectate, is used in Mali to combat diarrhea. 

Caffeine-containing kola nuts are chewed allover Africa for their 

stimulating and fatigue-combating properties. To combat snakebite, 

plants containing oyain and strichnine are used. The former is a heart 

stimulant and therefore useful against cardiotoxic venoms and the later 

is a nerve tonic, useful against neurotoxic venoms. In Nigeria, in 

1979, Durodola (1979) observed that the root bark "Annona senegalensis" 

was found by researchers to possess strong anti-cancer properties. Even 

earlier, in 1969, Malcolm and Sofowara (1969) had indicated that herbal 

preparations that were used in Nigeria to treat skin infections were 

found to have definite bacteriocidal activity against gram-positive 
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bacteria, the very oganisims that cause skin infections. Aikman (1974) 

reported an ineeresting case in 1925, when an eminent Nigerian in 

England who was suffering from severe psychotic episodes became 

unamenable to treatment by English doctors. As a resule, a traditional 

doctor from Nigeria was summoned who was able to relieve the paeiene of 

his symptoms with decoceions made from "rauwolfia" rooe. The 

"Rauwolfia" family of plants is the source of modern-day Reserpine, 

firse used as a major tranquilizer to treat severe psychosis bue now 

used mainly as an aneihypertensive medication. 

In his paper, Finch (1982) observed ehae traditional doctors in 

Africa had and continue to have effective remedies against intestinal 

parasites, vomiting, skin ulcers, rashes, catarrh, convulsions, eumors, 

venereal disease, bronchitis, conjunctivities, urethral stricture, and 

many other complaines. He also noted that there are at lease two 

documented instances of Europeans benefiting from the ministrations of 

the traditional physician. For inseance, in the last ceneury, a bushman 

doctor cured a European woman dying of sepsis thae the European doctor 

could not treat. In another example Harley (1970) observed thae a 

European doctor dying of dysentery in Swaziland was cured by naeive 

physician. It has also been found out chat the native physicians in 

this area were so skilled at treating typhoid fever that the European 

doctors used their decoctions for this same purpose. 



CHAPTER 3 

GHANA: THE COUNTRY, PEOPLE, AND HEALTH CARE 

RESOURCES AND DELIVERY SYSTEMS 

In Ghana health care services are provided by traditional 

medical practitioners and the nontraditional medical practitioners. 

Both deal with illness--an inevitable factor in every social group. But 

those two institutions of medicine hold different, although not mutually 

exclusive, world views guiding their respective practices. Therefore, 

according to Twumasi (1975), any conflict which may arise between these 

two forms of medicine has a disruptive effect on the well being of the 

people in their pursuit of medical attention. 

In this chapter, an attempt will be made to describe and examine 

the two medical insti tutions in Ghana. It is hoped that this chapter 

will give an insight into the training of medical practitioners, routine 

medical practices, the diagnosis and treatment of illness in the two 

medical systems. 

Prior to the discussion of the two medical systems, a brief 

review of the national background of Ghana is provided for the reader 

unfamiliar with this West African nation. 

National Background 

Ghana, located on the Gulf of Guinea in vlest Africa, was 

formerly known as the Gold Coast in colonial times. Ghana, a former 

British colony, became the first black African state to win independence 

30 
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on March 6, 1957. Since independence, it has seen five military coups. 

According to Austin (1964) and McPhee (1926), there have been many 

indications of the Ghanaian people resenting the limitations imposed 

since their coming into contact with the British colonial system. For 

instance, as early as 1868 a traditional confederation was formed in 

Ghana to resist imperial rule. In 1897, movements such as the 

Aborigines Rights Protection Society kept alive a nationalist awareness, 

but they did not become popular movements until the formation of the 

United Gold Coast Convention (UGCC) in 1947 and the Convention People's 

Party (CPP) in 1949. These movements were assisted by the grievances of 

the repatriated Ghanaian ex-servicemen whose experiences abroad in 

Europe during the Second World War had been "an eye opener" to the gross 

inequalities of the country's colonial status. The sense of disillusion 

caused mainly by unemployment, lack of health care services and 

facilities, and inadequate retirement benefits made these ex-servicemen 

the main source of inspiration and strength to the new movements. 

Ghana's first government was headed by President Kwame Nkrumah, 

who was deposed on February 24, 1966, by military coup. The deposing 

mil! tary group, the "National Liberation Council" (NLC), led by 

Lieutenant General J. A. Ankrah and later by Lt. General A. A. Afrifa, 

voluntary gave way to an elected civilian government on September 3, 

1969, headed by Prime Minister Dr. K. A. Busia. Dr. Busia's government 

was replaced on January 13, 1972, by another military government, the 

National Redemption Council (NRC), later the Supreme Military Council 

(SMC), led by General I. K. Acheampong and later by Brigadier A. W. 
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Akuffo. The latter was due to be replaced by an elected civilian 

government on July 1, 1970; however, this date was delayed at least 

three months by another military group, the Armed Forces Revolutionary 

council led by Flight Lieutenant J. J. Rawlings, who overthrew the SMC 

on June 4, 1979. On September 24, 1979, this military group also 

voluntarily gave way to an elected civilian government headed by 

Dr. Hilla Limann, who was deposed by Flight Lieutenar.t J. J. Rawlings 

again, and his new military group, the Provisional National Defense 

Council (PNDC), on December 31, 1981. 

Ghana occupies a rectangle roughly 400 miles long by 250 miles 

wide in tropical West Africa. Her southern border faces the Gulf of 

Guinea at 50 Ne latitude; the Greenwich Median passes just a few miles 

east of her capital city, Accra. Ghana's neighbors to the west, north, 

and east are respectively Ivory Coast, Burkina Faso, and Togo. 

Its climate is tropical. In the south, which includes the 

capital, Accra, the mean maximum monthly temperature is in the range of 

75-860 F. In the northern area, around Tamale, the mean maximum monthly 

temperature range is 64-950 F. Rains are present from March to October, 

with the heaviest rains in May to July and September to October. 

November to February tends to remain quite dry, with only occasional 

rain. 

During the rainy periods, mosquito breeding increases, and there 

is a rise in the incidence of malaria. During the dry periods. the 

dusty northeastern desert winds lead to an increase in eye irritations 

and respiratory infections. The more humid areas of the south help to 

promote skin infections. 
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Gaisie (1976) and Amar and David (1977) have estimated the 

population of Ghana to be about 11 million. About 70 percent of the 

population lives in rural areas. Urban population, however, is rapidly 

increasing. Such explosive urban growth has posed serious problems 

since health and other social services are increasingly strained to meet 

the needs of urban dwellers. According to the 1970 population census, 

99 percent of the population is African; the remainder are of European, 

ASian, or Middle Eastern extraction. Of the indigenous population, 40 

percent belong to the Akan ethnic group, 12 percent are Ewes, 12 percent 

Mole-Dagbani, 10 percent Ga-Adangbe, and about 5 percent Grunsi. The 

remainder belong to the Guan, Gurma, and Central Togo groups. Over 100 

separate subgroups and corresponding dialects exist in Ghana; ethnic 

boundaries are ill-defined, and most parts of the country are ethnically 

mixed. English is the official language in Ghana and is most prevalent 

in urban (primarily southern) areas where colonial influence was 

stronger. According to Amar and David (1977), about 45 percent of the 

population is Christian, 38 percent are traditionalists (animists), and 

12 percent Muslim, while 7 percent claim no religious affiliation. 

At the time of the 1970 census over 43 percent of Ghanaians had 

attended school, a marked and rapid increase from the 1960 level of 21 

percent and the 1948 level of 4 percent. The increase was particularly 

noticeable in urban areas and among males. The Education Act of 1961 

made elementary education free and compulsory. It is often said that an 

educational system reflects the way of life in the society in which it 

is instituted; but this is not the case in Ghana, where the system is 
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completely antitrmditional. According to Twumasi (1975) and Acquah 

(1958), the introduction of formal institutions for education has helped 
-

to "alienate" the youth from the traditional society. That is, the 

educational system has provided a basis for "rebellion" against 

traditionalism as more people go through the formal educational system, 

the farther they will be removed from traditional culture and 

traditional economic activities. Acquah further pointed out that the 

educated as well as the urban dwellers would be most inclined to use 

imported goods and services. 

The pattern of mortality and morbidity is similar to many West 

African countries. Ghana's demographic summary in Gaisie (1976) and 

Amar and David (1977) provides a picture fairly typical for developing 

countries: high crude birth rate (50 per 1000), high crude death rate 

(19 per 1000), high infant mortality (135 per 1000 live births), 

maternal mortality rate (10 per 1000), a life expectancy of birth of 48 

years, and a high dependency ratio with 41 percent of the population 

under 15 years. 

Ghana's natural resources are relatively abundant and include 

timber, diamonds, bauxite, maganese, and gold. Cocoa, however, is the 

country's major export commodity. Ghana has long been the world's 

single largest producer of cocoa beans, at one time producing more than 

half the world supply. In their study, Amar and David pointed out that 

when combined with timber, cocoa amounted to 78 percent of Ghana's 

exports in 1970 and about 15 percent of the gross domestic product. 

According to the 1970 population census, about 20 percent of the working 

population are involved in cocoa farming, all of which is virtually 
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located in Southern Ghana. In the North no cash export crops are grown, 

and the population there is primarily engaged in sUbsistence farming. 

In the 1970 census reports, 70 percent of the population were 

actually employed, and 57 percent were involved in some t.ype of 

agriculture or fishing--a 5 percent drop from 1960, and about 28 percent 

were in professional, technical, product.ion, and service employment 

fields. 

Despi te Ghana's richness in mineral resources, cocoa and 

recently discovered oil and natural gas resources in the western region 

of Ghana, the national economy suffered durin~ the 1960's. Productivit.y 

has declined drastically, and balance of trade has fluctuated markedly. 

Large trade deficit.s, the order of the day, are largely due t.o 

deteriorating terms of trade, variation in the world market price for 

primary product.s, changes in import quotas and licensing controls, 

servicing of debts, and currency instability. Of late, rising prices of 

imports, particularly petroleum products, have further adversely 

affected the country's economy. [See Ayivor(1973, 1977)]. 

Limited reliable data make it difficult for someone to quantify 

and compare health problems in the various sectors of the country. 

However, according to the Danfa Project Report (1979) and the Ghana IDS 

Health Research Reports (1978), the major healt.h problems in Ghana 

offset maternal and child health. Maternal health problems include 

especially mortality and morbidity from hemmorrhage, infection, and 

toxemias of pregnancy. Apart from perinatal problems, child health in 

Ghana is diminished by the interaction of malnut.rition and infectious 
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disease problems such as malaria, measles, gastroenteritis, pertusis, 

pneumonia, tetanus, tuberculosis, typhoid fever, schistosomiasis (snail 

fever), onchocerciasis (blindness), intestinal helminths, guinea worm, 

yaws, and leprosy. Smallpox, according to the reports mentioned above, 

appears to be under control, and no cases have been reported since 1968. 

Accidents and hepatitis are important problems of the youth and 

middle-aged adults. Older people are afflicted by heart disease, 

hypertension, strokes, and pneumonia. However, anemia is common in all 

age groups. 

In the rural areas of Ghana, contaminated water supply, housing, 

and improper disposal of waste and garbage pose serious environmental 

problems. The larger cities, such as Accra, Kumasi, and Sekondi

Takoradi, have good water sources, whereas the small towns and villages 

lack adequate supplies. 

There is a wide variety of resources people in Ghana can turn to 

for their health needs. A list of practitioners, broadly defined, would 

include friends, relatives, traditional healers (which include 

traditional doctors or herbalists), spiritualists, and healing homes; 

nontraditional practitioners include hospitals, clinics (both public and 

private) and private doctors, pharmacies or chemists, and patent 

medicine stores. The discussion in the next two sections is focused on 

traditional and nontraditional medical institutions in Ghana. It is 

mainly based on discussions by Twumasi (1975), Bonsi (1913), Gesler 

(1978), and Ojimba (1916). 
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Traditional Medical Practice in Ghana 

In this section we shall attempt to examine the manner in which 

the traditional medical system still continues to serve the needs of the 

Ghanaian society. 

According to Parsons (1951), medical practice in any society 

takes place within an institution, and therefore any meaningful study on 

medical practice should take one to the area of a study of purposeful 

behavior. To him, institutional theory involves all those cultural 

theories of human behavior which study the many ways in which men 

manipulate their environment because of their biological needs (for 

survival). In view of this, Twumasi (1975) observed that the whole area 

of medicine as an aspect of human behavior would seem directly to fit 

Malinowski's (1944) assertion that human institutions are based upon 

individuals' biological needs. 

In examining the traditional Ghanaian society, Apter (1963) 

identified the following three orientational variables: 

1. Behavioral alternatives--which are systems of authority roles, 

legi timized in various clusters such as the family, the 

chieftancy hierarchy, the state council, and other membership 

structures exercising authority; 

2. Goal orientation--which refers to the type of expectations built 

into the traditional system by which individuals view their 

future and alter their activity; 

3. Social norms--which refers to the sanctioned aspects of social 

action and are enshrined in traditional cosmological patterns. 

These are found in proverbs and are usually interpreted by the 
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traditional medical practitioner or the head of the lineage as 

part of the living code of behavior. 

Within the context of traditional cosmology in Ghana, Twumasi 

(1975) pointed out that illness is not considered as just the result of 

pathological change. The supernatural is invariably invoked as the main 

causal factor. Within this framework the concepts of the etiology of 

health and illness are far more behavioral than biological. Health and 

illness are not isolated phenomena, but part of the whole magi co

religious fabric. To Twumasi, the traditional cosmology has no room for 

a purely naturalistic notion of illness, because there is no clear-cut 

conceptual separation of the natural or physical world on the one hand 

and the supernatural or the magico-religious world on the other. 

As Field (1937), Bonsi (1913), Harley (1944), Ojimba (1916), 

Twumasi (1915), and Gesler (1918) have indicated, the traditional medical 

practice in Africa is dominated by religious and cultural beliefs and 

functionally operated by psychotherapeutic and physical procedures based 

on ritual practices. That means, the understanding of causes and cures 

of illness is a true expression of basic notions underlying cultural 

activities and social relationships between man and the Almighty God. 

The rural African believes that the evil spirit punishes one for bad 

behavior, and the good spirit redeems the soul now or in the world to 

come. At this stage, it is essential to briefly discuss the 

philosophical and religious beliefs of African traditional life which 

greatly influence African views of disease, illness, and health. The 

discussion is specifically based on beliefs about God, the spirits, and 
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African ideas of time and space as they are relevant to the traditional 

medical practices in Ghanaian cultures. 

Traditional African Cosmology 

Studies by Mbiti (1970) and Bonsi (1973) have pointed out that 

the whole of existence for the African is a religious phenomenon; that 

is, he regards man as a religious being, living in a religious universe. 

Thus the African mind has the following views about the universe: 

1. God is the ultimate explanation of the origins and sustenance of 

man and all other things; 

2. Spiri ts made up of supernatural beings and the spirits of men 

who died a long time ago constitute another category of elements 

in the universe; 

3. There are men including those who are yet to be born; 

4. There are also animals and plants or the remainder of biological 

life; and 

5. The universe includes objects without biological life. 

In addition to the above, Temples (1951) has indicated that it 

is widely accepted among Africans that there is a force, power, or 

energy permeating the whole universe. God is the source and controller 

of this force. The spirits, it is believed, have access to this force 

or power, but with a few human beings having the knowledge and ability 

to tap, manipulate, and utilize it. These individuals are also able to 

control this force and the spirits which have access to such force. 

Such men as priests, medicine men, spiritualists, witches, etc. can 

manipulate this energy for the good or for the ill of their society. 
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The African concept of time, according to Mbiti (1970), is a 

two-dimensional phenomenon, a long past--a composition of events which 

have occurred--and a present--a composition of events taking place now 

and those which are just about to occur; but with virtually no future. 

That means, what has not taken place or has no likelihood of an 

immediate occurrence falls in the category of "no-time" to the African. 

Mbiti further pointed out that the linear concept of time in the 

industrial world (Europe and North America) with an emphasis on the 

future is practically foreign to Africans. For the African, time moves 

"backwards" and people set their minds not on future things, but chiefly 

on what has taken place. 

According to this African thought, as the individual gets older 

it is believed that he gradually moves from the "dynamic present" or the 

now-period" into the past. In addition, it also believed that after 

physical death, the departed do not immediately disappear from the time 

region in which the living are conscious of their existence. He is 

believed to "appear" to the older and surviving members of the family 

who knew him. This appearance is very significant in explaining crisis 

and causes of illness and death in the family. When, however, the last 

person who knew the departed also dies, then the latter passes out of 

the horizon of the dynamic present, called "sasa" in Swahili. He then 

becomes completely dead, and passes into the past period, called 

"Zamani" in Swahili by Mbiti (1970). Therefore, as long as the departed 

is remembered by name and recognized when he appears, he is not dead. 

That means, the living-dead is a person who is physically dead, but 
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alive in the memory of those who knew him as well as being alive in the 

world of spirits. This personal immortality is expressed in acts of 

giving bits of food to him, pouring libation, and carrying out 

instruction given by them, either while they lived, or when they appear. 

According to Bonsi (1973), these symbols of communication and fellowship 

and remembrance express the mystical ties that bind the living-dead to 

their surviving relatives. Therefore, these acts are performed within 

the family, and the oldest member with the longest memory of the 

departed performs this function. However, Twumasi, Mbiti, and Bonsi 

have observed that this ritual of communicating with the departed has 

erroneously been called "primitive ancestor worship" by alien writers 

who do not understand the situation. 

Bonsi (1973) further pointed out that it is believed that when 

the living-dead appear to human beings, they cause dread and fear, and 

if they are suddenly forgotten, it means that they are cast out of the 

family to which they belong. Their personal immortality is believed to 

be destroyed and turned into a state of nonexistence. The departed, 

according to African thought, resent this, and therefore the living do 

all they can to avoid displeasure, because it is feared that would bring 

illness and misfortunes to those who forget their departed relatives. 

Traditional African Ideas About God and Creation 

Bonsi (1973) agrees with Mbiti (1970) that Africans have their 

own original religious perceptions, and in spite of great distances that 

separate the African peoples, their concept of god is very similar. God 

is conceived as omniscient, omnipresent, and omnipotent. African 
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peoples, according to them, regard God as essentially good, and there 

are many situations in which He is credited with doing good to His 

people. There are situations where calamities, misfortunes, illness, 

and suffering come upon families or individuals, for which there is no 

clear explanation. These are believed to be brought about by God, 

generally through agent-like spirits, the living-dead, or magic workers, 

as punishment for ignoring certain customs or traditions. God is held 

also to be capable of showing His anger. Illness, death, drought, 

floods, etc. are interpreted as manifestations of his anger on families 

or groups of families. 

To the African, creation is the most widely accepted work of 

God. Africans believe that creation took place in order of the sky, the 

earth, rivers, waters, plants, men, and animals. Lystad (1968) and 

Danquah (1944) observed among the people of Ghana that "God created 

things in an ordered fashion" and that He provides life, health, 

fertility, rain, and other necessities for sustaining creation. To the 

African mind, Bonsi observed that rain is the symbol of blessings that 

at ceremonies, especially after illness, the formal pronouncement of 

blessing by the practitioner is often accompanied by sprinkling of water 

symbolizing peace, health, happiness, and prosperity. God is believed 

also to heal the sick and for this reason prayers, sacrifices, and 

offerings are made to God, on behalf of the sick, the barren, and those 

in distress. 

From what we have discussed, Lystad (1968), Parrinder (1961), 

and Bonsi (1973) came to the conclusion that religious universe is not 

an academic exercise to the traditional African. It is an empirical 
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experience, which reaches its heights in acts of worship, sacrifice~ 

offering ceremony, and invocations. Therefore, to the traditional 

African the making of sacrifice and offering is a psychological device 

to restore the ontological balance between God and man, the spirits and 

man, and the departed and the Ii ving, and also the lost confidence and 

security within the universe (environment). Failure to keep this 

relationship between the spiritual and the physical world in a balance 

would result in calamities, ill health, and death. Thus, among the 

traditional Ghanaians, family heads or medical practitioners constantly 

keep this relationship through offerings on alters or in shrines. 

In Africa, it is also a widespread belief that man should not 

and cannot, alone or directly, approach God; but he must do so through 

the mediation of special persons such as priests, kings, elders, 

spiritualists, and practitioners. 

In conclusion, Mbiti (1970) and Bonsi (1973) observe that there 

is no limit as to where and when the traditional African performs acts 

of worship. To him, God is omnipresent, and He is reachable at any time 

and place. Intermediaries, such as priests and practitioners, are an 

aid to establishment and maintenance of ontological balance. Human life 

is a religious experience; problems and crises are seen in terms of this 

religious experience. Whatever science may do to prove the existence or 

nonexistence of the spiri ts, one thing is clear: namely that for the 

traditional African, the spirits are a reality, even if it is a clear, 

blurred, or confused reality. Over the years, this thought system has 

become an institutionalized form of looking at the world. Finally, in 



44 

the words of Bonsi, "It has become a paradigm, a world view with which 

the traditional African structures his world of experiences." 

Religious Beliefs and Traditional Healing 

Even though the traditional healer used drugs, Ojimba (1976) and 

Bonsi (1973) observed that the most effective treatment was believed to 

be incantation. The power through which the practitioner diagnoses is 

embodied in oracle or divination. That means, his system of medicine 

was dominated by magic and religion, and his purpose was to refiabilitate 

an individual and to reconcile him with the transcendental world. This 

approach assumes that individuals have destiny, and that people exist 

through various gods or objects of nature which caused their descent 

into the world. The patient was convinced that he had suffered because 

he had sinned; therefore, he needed a mediator to solicit good health 

from a superior being. 

The purpose of divination is to invoke these gods or objects 

through whom adequate information about the individual's fate could be 

obtained. The traditional Ghanaian according to Twumasi and Bonsi, 

believes the spiri t of the dead has power to strike and kill a person, 

and he also believes that with the aid of the witch doctor, a person 

could change into an animal, such as a snake, lion, leopard, or tiger, 

in order to retaliate or fight an enemy. It is also widely believed 

that disease was an affliction sent by invisible super-human beings, or 

was the result of magic manipulations by his enemies. 

Diagnostic procedures as observed in Bonsi (1973) and Ojimba 

(1976) can take many forms. First, causes of illness could be surmised 
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through spirit possession whereby an earthly medium of some powerful and 

mos~ knowledgeable spirit would be possessed, and his communication with 

the spirits in the spirit world would reveal the cause of illness. 

Secondly, the practitioner could use a special mirror through which the 

reflection of the harm-doer or the source of the illness could be 

revealed. Thirdly, the practitioner could also resort to rattles, 

water-gazing, and many other forms of divination in order to reveal by 

supernatural means the agent or ~he source of the reported affliction 

and the appropriate prescription for treatment. 

In addition to these supernatural procedures, Bonsi (1973), 

Lambo (1963) and Twumasi (1975) observed that the practitioner also 

probes the entire social context of the patient and his illness, a 

context which the prac~itioner must enter and alter if the patient is to 

get well. As he carefully reads the revelations from his divination, he 

assiduously questions the patient and/or any relative or friend 

available. The practitioner more often concentrates on such questions 

as: What is the patient worried about? Who might be the enemy? What 

is the nature of the patient's relationship with others? Has he 

committed any crime? How often does he remember family ancestors? 

Causes of Illness and Treatment in Traditional Ghana 

The traditional Ghanaian does not merely accept that he fell in 

a ditch and broke his leg. The question is, why? Who caused him to 

place his foot in the ditch and fall when so many others have passed the 

same way and not suffered such misfortune? The answer may be a wi~ch, 

magic, God, or red dwarfs. Whichever, illnesses so caused cannot truly 
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be cured until the cause is discerned and either counter-magic or 

propitiation made. This is the task of the fetish priest, healer, or 

herbalist. 

On the other hand, while every illness is supposed to be at 

least in part the results of evil intent or breaking of a taboo, the 

traditional Ghanaian is also aware of the natural origins of some 

illnesses, possibly in conjunction with some supernatural force. Thus, 

in the case of children, at least, it is well known that chilling may 

lead to a cold, that some fruits can cause stomach upset and diarrhea, 

and that strenuous exercise in the heat of the sun may produce 

convulsions. 

In his study, Bonsi (1973) has identified the following causes 

of illness in traditonal Ghana: 

1. God. It is widely believed that God may strike people who 

contravene important rituals. Such misfortunes are regarded as 

God's punishment for misbehavior. Death is, perhaps, the most 

puzzling and most mysterious of all misfortunes. That means, 

God is brought into the picture in an attempt to explain what is 

otherwise inexplicable. Bonsi observed that usually sacrifices, 

offerings, and prayers are the prescriptions by which such 

illness or affliction can be accepted. 

2. Injury to an individual's soul and conscience. In Ghana, i.e., 

in the Akan traditional area, an individual's soul and 

conscience known as "kra" and susum" respectively are believed 

to be either annoyed or damaged through wrongdoing. A disturbed 

conscience or any mental disturbance can genuinely result in 
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sickness. It is also believed that the practitioner knows this, 

and often concludes from the long process of diagnosis, that one 

has disgraced his "kra" or "susum~ Thus anger, bitterness, and 

disruptive social relations become diagnosed causes of illness 

in traditional Ghana. 

3. Exiled "conscience" or Susum It is believed that the "kra" or 

"soul" cannot leave the body wi thout causing death. However, 

the "susum" or "conscience" can leave the body temporarily in 

dreams, or day-dreaming without causing illness. But whenever 

it leaves the body permanently or is "exiled" (improsioned) this 

can bring fatal illness to the individual. 

4. ~werful fetish or god called into action. In his study, 

Bonsi (1973) observed that very often a wronged person may call 

upon a big god or fetish by its name and persuade it to take 

vengence on his behalf. When a practitioner has a reputation of 

knowing the fetish and the exact pacification the fetish would 

accept, the family of the victim moves fast to this practitioner 

to perform ceremonies to assert such misfortunes. 

Traditional Medical Training and Types of Practitioners 

According to Ojimba (1916), Twumasi (1975) and Bonsi (1973), 

three categories of traditional medical practitioners can be identified, 

although the division between one category and the other is vague. The 

first group consists of the sons of medicine men who are primarily 

herbalists and do not engage in the practice of witchcrafting. The 

second group has a role of fortune telling divination followed by 
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psychotherapy and most often they are herbalists. The third group is 

made up of spirits. Their role is mainly wizardry, divination, and 

antisorcery. They may identify supernatural causes of illness and death 
) 

and may treat their clients with magical charm. How, then, does one 

become a practitioner? 

Studie~ by Ojimba (1976), Bonsi (1973), and Twumasi (1975) have 

shown that there exist no fixed mechanism through which someone becomes 

a traditional medical practitioner. In some cases they observed that 

training started at an early age, between the ages of ten and twelve 

years, when the child was old enough to carry the medicine bag and able 

to identify roots and plants for healing or curing illness. In other 

cases, some practitioners believe that spirits or the living-dead have 

"called" them in dreams or visions to become practitioners. Others 

enter the practice through association with some spiritual creatures 

believed to possess power and knowledge of herbs and diseases they cure. 

Others also enter the occupation through formal instruction of herbal 

institutes. At this stage it is essential to review briefly the various 

modes of entry into the practices studied by 80nsi. 

Spirit Possession 

It is the process whereby a fetish priest or priestess or a 

practitioner "hand picked" by a diety is said to be used as the 

"borrowed" physical body by a spirit to visit the physical world. 

Through spirit possession, it is believed that messages are received 

from the other world, and men are given knowledge of things that would 

otherwise be difficult or impossible to know. 



49 

The novice who enters the training through spirit possession may 

have been going about his ordinary daily duties, but more often was 

attending a religious ceremony, when suddenly and without any previous 

warning he becomes possessed. When possession occurs, a qualified 

practitioner is called upon to interpret the episode; thereafter, the 

final decision to permit a person to enter into training is left to his 

relatives. According to Bonsi, possesssed wives or daughters of some 

Christians, who cannot cope with the situation, end up in mental 

insti tutions or die prematurely. Such deaths have been explained by 

Cannon (1942) in his study, "Voodoo Death," that a feeling of 

psychological impotence could have serious effects on the individual's 

biological organism which could cause premature death. Hinkle (1964) 

also argued that disease need not be the result of any single, specific 

agent such as a germ or a virus, but a consequence of many factors, 

including the general nature of the environment surrounding the body. 

In training, the novice observes many taboos. For example, she 

does not use a comb, dress her hair, or shave any part of her body. The 

period of training is normally three years. Important among her lessons 

are to learn how to dance and sing on her own or wi th the help of the 

possession; she also studies the names of trees, plants and ferns, and 

their spiri tual as well as therapeutic properties, and finally how to 

receive messages from her spirit lord, and the herbs which would help 

her receive these messages. 
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Association with Dwarfs 

According to a survey by Bonsi (1973), some practitioners claim 

dwarfs, are spiri tual beings believed to exist around villages in the 

woods "spirited" them away and sent them back well versed with knowledge 

of herbs and their uses. In the traditional Ghanaian society, dwarfs 

are believed to possess the power of healing, knowledge of causes of 

illness which afflict them, and knowledge of herbs which can cure these 

illnesses. 

After their training which may last from a few days to several 

months, the potential practitioners would return wearing strange attire 

made of leather and talisman. 

Dreams and Revelation 

In Ghana, other practitioners claim they acquire their medical 

and herbal knowledge from dreams or revelations, especially when walking 

in solitude in the forest. It is widely believed that the practitioner 

might have been "spoken" to by unseen being who indicated that the 

combination of certain herbs could be effective in curing a particular 

disease. In his survey, Bonsi (1973) observed that some practitioners 

clai med that the revelation of a plant by its shape, color, and other 

characteristics could suggest the connections between the plant and this 

disease to be cured. For instance seeds shaped like fingers could 

suggest a cure for festered thumb. 

Purchase of Herbal and Magical Knowledge 

Some practitioners obtain their medical knowledge from 

relatives, friends, and others in neighboring countries by paying money 
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to be taught some herbs or magic that are effective in curing certain 

diseases. In Ghana, learning herbalism in or from a far away country 

such as Togo or Benin in West Africa is equated with graduating from an 

overseas medical institution with sophisticated ideas and skills. It 

enhances the status of the practitioner in the community. 

Inheritance of Medical Knowledge 

From his survey, Bonsi (1973) indicated that inheriting 

herbal ism from relatives or pa.rents seems to be a major mode of entry 

into the practice. Herbalism in Ghana has been inherited for many 

generations. Some practitioners claimed that they used to accompany the 

predecessor into the bush to collect herbs or as an errand boy they 

stood by as the predecessor prescribed herbs or performed ceremonies for 

some cures. Usually the trainee would continue to serve as a messenger 

until the predecessor was on his death bed, when he would hand over all 

knowledge and materials concerning herbalism to the trainee. In many 

respects every practitioner attempts to modify the practice inherited 

from his predecessor. 

Herbal Institute 

To improve the quali ty of tradi tional medicine and to enhance 

its status, the literature traditional practitioners in Ghana have 

established institutes where members and apprentices are taught the 

medical virtues of plants. Activities of these institutes also include 

research and documentation of knowledge on herbs. A fi ve-year study 

program at the school of Herbal Medicine at Nsawam in Ghana covers all 
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matters relating to the physical and mental well being of human beings, 

such as food they eat, water they drink, clothing, personal habits, and 

the influence exerted on them by the environment, occupation, and 

custom. That is, the training program prepares the practitioner to 

provide physical and mental care. 

Placards and posters displayed at the Institute reflect this 

orientation: "Man has never been able to invent a compound to treat 

anemia as completely as what nature has provided in the herbs. So get 

back to nature." "Let food be your medicine, and medicine your food." 

In addition to emphasis on treating the patient as a whole 

person and not just as a disease entity, the curriculum is also designed 

to lay emphasis on formal classroom demonstration and teaching, research 

into the manufacture and preservation of herbal medicine, and psychic 

and spiritual herba1ism. More specifically, the importance of shrine, 

deities, spiritual communication, spirit possession, spiritual baths, 

protection, and their occult significance relation to diseases and 

health form important aspects of the training. Knowledge of the African 

belief system and the whole entology help graduates from this institute 

to understand their patients' problems in order to offer adequate help. 

It was within this framework that some researchers such as Koos (1954) 

argued that cultural homogeneity should surround the medical 

practi tioners and their patients if treatments were to be effecti vee 

That means, practitioners' effectiveness can vary with their 

understanding of how the patient perceives the situation. 

From the above discussion, it is evident that two broad types of 

practitioners emerge in traditional Ghana. The first category includes 
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those practitioners whose training and conceptualization of medical 

problems are oriented toward magico-religious practices. The second 

category includes the "emerging" practitioners whose training is 

organized to include a strong emphasis on pharmaceutical empiricism. 

Common Disease Conditions Treated 
in Traditional Medicine 

The most common ailments which are taken to the traditional 

medical practitioner include headaches, marital problems, mild and acute 

mental disorders, cerebrovascular accidents, epilepsy, and convulsions 

(see Ojimba 1916 and Sonsi 1913). 

Headaches 

Headaches are usually treated by scarification such as knife 

marks on the forehead rubbed with root pulp. For severe headaches, the 

client may shave his head, wash the scalp with a leaf concoction daily, 

the forehead is scratched with a knife, and blood is sucked out to 

relieve pressure. 

Marital Disorders 

Convulsion, common among children, is treated by smearing the 

child's face with soot and prescribing the skull of a monkey to be worn 

around the neck in order to ward off bad spirits. During this period, a 

thin broth made with monkey meat, green vegetables, and yellow yam 

becomes the diet of the child until he is better. Epilepsy may be 

treated by keeping the patient protected from hurting himself, applying 

cold compresses to the forehead and sacrificing to the patient's 
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ancestors. The patient's prescriptions include a sheep's urine, and 

roots and leaf concoction with wine before breakfast and at bedtime. 

Cerebrovascular Accident 

Cerebrovascular accidents usually strike the patient suddenly, 

resulting in some kind of physical paralysis, is always attributed to 

the effect of witchcraft or the work of an angry dead relative. Since 

it is regarded as the number one killer, the practitioners are usually 

called in to give intensive care in the form of sacrifices and 

application of drugs such as pepper to be inhaled, if the patient is in 

a coma. 

Traditional medicine, as practiced in many African nations, has 

consisted of the use of herbs, leaves, roots, fermented fruits, parts of 

animals, and metaphysical phenomena. Further details can be obtained by 

Osisiogu (1912), Ayodele (1912), Osuntokun (1915), Mensah-dapaa (1961), 

and Bokosi (1971). 

Scientific Medical Practice in Ghana 

In this study, the term "scientific medicine" is synonymous with 

"nontraditional medicin~" It will be used to indicate a view in which 

the rational explanation of natural events is in terms of cause and 

effect. Cause, in this sense, is viewed as natural in contrast to 

supernatural causation. That is, the causation by supernatural powers 

has no place in scientific medicine, cultural import arriving in Ghana 

from Europe. According to Twumasi (1915), one of the premises of 

scientific medicine is that the results of new experimentation can 

change the basic principles. To him, scientific medicine depends on 
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observation, experimentation, the seeking of natural causes, allowing in 

all cases for change when demanded by new evidence. 

In this section, the discussion on the scientific medical 

practice in Ghana will include a brief history of scientific medicine in 

Ghana, i.e., a discussion on the initial difficulties met by both 

colonial administrators and the missionaries in their attempt to 

establish this practice, training of doctors and auxiliary personnel, 

and the scientific medical institutions. 

Brief History of Scientific Medicine in Ghana 

Scientific medical services were introduced during the period of 

British colonization (i.e., since 1844) when Bri tish medical officers 

were brought in to take care of their administrative personnel in the 

colonial civil service. According to Kisseih (1968), the first British 

colonial nursing sister arrived in Accra in 1899 and started the 

provision of in-service education to the male orderlies who had little 

or no formal education. Traditionally it was considered improper at 

that time for females to enter the medical service. However, today the 

majority of the nurses are females. 

During the early part of the 1920's there was strong opposition 

from the indigenous population to the policy of health services 

expansion by the colonial administration. For instance, in 1929 there 

was opposition to the health care program initiated by the then British 

governor, Sir Gordon Guggisberg; since there was continuous speculation 

that on completion of the first scientific medical institution, the 

Korle Bu hospital in Accra, the practice of traditional medicine would 
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be banned. A letter of protest was presented to the governor by the 

traditional medical practitioners led by Kobina Sekyi, a Barrister at 

Law. As a result of this protest letter, traditional medical practice 

was banned in and around the big towns in Ghana and the herbalists were 

required by law to move into the oountryside and Vi 11ages to practice 

their craft among the "tribal" people. In reply, the herbalists 

demanded that all European doctors attached to the Kor1e bu Hospital be 

also returned home to practice their scientific medicine among their 

European kin. The conflict was resolved after a meeting between the 

governor and a committee of selected Paramount Chiefs and herbalists: 

The traditional practitioners were allowed to practice after obtaining a 

license from their local councils. 

Scientific medicine at this time began to gain acceptance since 

it had developed a technology to deal with various tropical infections 

such as malaria, worm infestation, yaws, yellow fever, sleeping 

sickness, etc. Its acceptance was reinforced through the process of 

formal education, changes in residence, and access to higher income 

resources and opportunities. 

Following Ghana's independence in 1957, health centers were 

built throughout all regions except the Western and the Central. These 

two regions were ignored because the Korle Bu Hospital in Accra drew 

many of its patients from the Central and Western regions. At 

independence there were only ten health centers in the country. 

However, the developmental trend continued, and by 1963, there were 41 

health centers operating in all regions of the country. 
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Coupled with these health centers, medical field units were also 

introduced so as to control many of the environmental diseases which 

were rampant at the time, in addition to educating the traditional 

Ghanaian about scientific medicine. That means, these medical field 

uni ts were to act as a "traveling scientific medical service," which 

could move on wheels to the remote areas of the country. Since 1957 

there has been a large increase in the number of scientific medical 

personnel. For example, the number of medical doctors increased from 

330 in 1957 to 904 in 1963. 

Scientific Medical Institutions and Services 

Scientific medical services in Ghana consist of both a private 

and a public (government) sector. 

The private sector provides a substantial, but unknown, portion 

of medical services in several large cities, particularly to the 

wealthier classes who prefer not to use the overcrowded facilities of 

government polyclinics and outpatient departments. Since the private 

facilities are located in the urban areas and they, in addition, charge 

high fees for their services, they have little relevance to the 

residents of the rural areas. 

Provision of the medical care services to Ghanaians at large is 

mainly the responsibility of the Ministry of health which has two main 

types of hospitals, the district and the regional. 

District Hospitals. District hospitals are small and scattered, 

and both staff and facilities are limited. A district medical officer 

is in charge of the hospital as well as all other supportive health 
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services in the district. He is heavily dependent on other paramedical 

personnel such as the nurse, health inspectors, and ward orderlies 

employed to take care of the domestic and basic cleaning work. The 

major clinical focus at the district hospital is on the serious and 

complex medical problems referred by paramedical and auxiliary personnel 

from the health centers, and health posts. The staff is composed of 

surgeons physicians, obstetricians, and pediatricians who are supported 

by general duty doctors and other paramedical personnel mentioned above. 

Regional Hospi tals. Regional hospi tals are the modern, fully 

equipped institutions with a full complement of specialists and general 

duty medical officers. 

The district hospitals depend on the regional hospitals. The 

regional hospitals have the capacity for dealing with complex laboratory 

examinations such as hematological, parasitic, biochemical, ar.d 

bacteriological problems. At the regional center, barium stUdies and 

intravenous picture may be routine, whereas the district hospitals may 

have only a simple x-ray for chest and extremities. 

Other hospitals. Other hospitals include the three main 

psychiatric hospitals in Accra and Cape Coast--two in Accra and one in 

Cape Coast--and these hospitals operated by various Christian missions 

and private concerns, especially mining companies, whose contributions 

are recognized. The private concerns receive considerable subsidies 

from the government regularly. 

Health centers. Health centers, mainly located in the rural 

areas, provide ordinary outpatient services so as to relieve the 

district and the regional hospitals from all but their most specialized 
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functions. Primary health services in the rural areas are rendered by 

these health posts and centers. Both of these refer patients to 

outpatient departments in district hospitals. These, in turn, may refer 

to the larger regional hospitals, which may, in their turn, refer 

particularly difficult cases to the ~pillar~ of Ghana's health service 

system, Korle Bu Hospital in Accra, the university teaching hospital of 

the Ghana Medical School. 

The main fUnctions of the health centers are to promote healthy 

living conditions, to emphasize prevention through immunization, 

teaching better child feeding practices and early diagnoses of diseases, 

and to be curative by treating minor ailments which would otherwise have 

to be referred to hospitals. None of the health centers is permanently 

staffed by physicians, so professional services are provided on a 

visiting basis. The centers are mainly staffed by paramedical and/or 

auxiliaries of which there are usually four kinds: midwife, who looks 

after problems of maternity and illnesses of childhood; sanitarian, who 

is responsible for environmental control, public health and health 

e d u cat ion ; !!.!!!.~~, who i s t r a i ned a sac 0 m m un i t y n u r sew i t h 

responsibilities in both the center and the whole community; and 

superintendent, who acts as a medical assistant trained for diagnosis 

and management of simple medical problems. However, a typical health 

center is staffed by a health center superintendent, several nurses of 

various kinds, a midwife, a health inspector or sanitarian, a 

nutritionist, a dispenser (who fills prescriptions ordered by the 

superintendent), a laboratory assistant, a dresser (who sews and 
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bandages wounds), and a supporting personnel composed of record clerks, 

laborers, generatory attendants, etc. 

The center is headed by the superintendent, whose training 

consists of one year at special health center superintendent's school 

on top of ten years practice as a nurse. Within the year he is taught 

to recognize the common conditions by the signs presented and the 

corresponding course of therapy to be undertaken for them. He alone is 

taught to recognize when problems are likely to be beyond his medical 

knowledge and a referral to a hospital or to the next visit of a medical 

officer is desirable. At a busy center, he usually sees about 200 

patients in six or seven hours a day. 

Pharmacies. Pharmacies are another source of health care that 

have their roots in the industrial world. A pharmacist, or a chemist as 

he is sometimes called, is licensed to sell both prescription and 

nonprescription medicines. He must have a university degree with a 

license to mix and sell dangerous drugs. 

These pharmacies provide medicines to people who are unwilling 

to wait for long periods at a hospital, clinic, or private doctor. The 

pharmacist whom many people call "doctor" sometimes diagnoses and treats 

symptoms for patients daily. Serious cases are taken or sent to the 

general hospital. 

Patient Medicine stores. Patient medicine stores also exist to 

serve as a transition between the scientific and traditional medicines. 

These are licensed by the Ministry of Health to sell drugs, and the 

owners must have some formal knowledge of drugs (perhaps gained as aides 

in a pharmacy). However, the selling of dangerous and poisonous drugs 
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and filling of prescriptions is prohibited by law. On the other hand, 

these generally small stores are also purveyors of "native" medicines 

such as herbs, leaves, and roots. These stores are the source of the 

commonly used medicines that are easily accessible. 

Training of Scientific Medical Practitioners 

The first medical school in Africa was started in 1924 in 

Tanzania, Makerere Medical School. Medical schools in Nigeria and Ghana 

were opened in 1947 and 1948, respectively, but their training programs 

had to be completed in England. However, in 1962 the government of 

Ghana decided to open its own medical school at the University of Ghana 

where every student can complete his training program. A student 

qualifies for admission to the two medical schools existing today--in 

Accra and Kumasi--when he passes the General Certificate of Education 

Examinations or the West African School Certificate in at least five 

subjects; three of these must be at the advanced level. Owing to the 

scientific nature of the profession, science students are given 

preference. After completing a one-year pre-medical course at the 

University of Ghana, Legon, the student qualifies to begin his clinical 

training in the medical school at Korle Bu, Accra. 

There are two types of Ghanaian doctors practicing medicine 

today, those who received their training from abroad (west and east) and 

those who entered the Ghana Medical School in 1962 or after. 

At present in Ghanaian medical curriculum more emphasis is 

placed on the science subjects. However, there has been the desire to 

shift emphasis from the sciences to the humanities and/or the social 
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sciences so that practioners can understand and meet the societal and 

cultural needs of the people. That means there exists the awareness 

that medicine and society are not isolated but integrated into a complex 

network of beliefs and values. 



CHAPTER 4 

ECONOMIC SPECIFICATION OF A DEMAND MODEL FOR MEDICAL CARE IN GHANA: 
A THEORY OF BEHAVIORAL (DISAGGREGATE) MODEL 

This chapter has two purposes, the first part will discuss the 

characteristics of m€dical care which differentiate it from other 

economic goods and services. Then, it will go on to discuss the theory 

of the individual in the choice of health services. The second purpose 

is to discuss the factors that impinge on a household's decision in 

Ghana to select one health-care modality rather than another and to 

place this decision in the context of an operational empirical health-

care demand model. The objective of this medical-care demand model is 

to relate by means of a mathematical (demand) function the choice of 

health care facility (hence forth called the usage) to the 

characteristics of a population of potential users and the health care 

system of the rural community so that when any of these characteristics 

is changed, one can predict the change in usage. 

Some discussion of relevant literature is included but not 

exhaustive. Moreover, the chapter is limited to the assigned topic and 

does not provide a general view of health economics literature. An 

overall survey of the field through 1964, is available in Klarman 

(1970). In addition, useful bibliographies may be found in Mushkin 

(1974), and the proceedings of a 1962 conference on economics of health 

and medical care (University of Michigan, Wirick and Barlow 1964). 

63 
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The Characteristics of Health Care Demand 

This section will discuss some characteristics of health care 

which distinguish it from other economic goods and services. The 

discussion is not exhaustive, and it is not claimed that the 

characteristics discussed are individually unique to the commodity 

health care. But taken together, they do establish a special place for 

health care in economic analysis. 

A fruitful source of theorizing about health care services is in 

Becker's "human capital theory" (Becker 1964). The most elegant 

exposi tion is to be found in Grossman (1972). Grossman viewed "health" 

as part of an individual's capital, inherited initially and which 

depreciates over time, and at an increasing rate in later life. 

According to Grossman, gross investment in health capital may require 

health care services, but also depends on diet, exercise, housing, own 

time, et~, and will be influenced by know-how (i.~, general education, 

and health education). Atkinson (1974) pointed out that individuals may 

make a conscious and well-informed decision to "run down" or "live off" 

their health capital through smoking, drinking, working, eating, or 

playing "excessively" and then attempt to restore the "capital 

consumption" which occurs in these ways by seeking compensatory 

increases in the input of health services. The flow of services which 

the asset "health" generates is, then, "healthy time" or "sickness-free 

time," which is an input into work, leisure, and all other activities. 

By this route economics of health care demand links up with recent 

theories about the allocation of time (Becker 1965), about household 
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production (Nerlove 1974) and the "characteristics" approval to consumer 

behavior (Lancaster 1966). 

In this study, health care has been defined as the entire bundle 

of services and commodi ties aimed at directly preventing, curing, or 

palliating ill-health, which of course leaves us still with the problem 

of defining ill-health. There are three broad approaches to the 

definition of ill-health, (Gordon 1966 and Twaddle 1973) each of which 

concentrates on different aspects of the situation: the bio-medical, 

the functional, and the cultural approaches. 

The bio-medical approach concentrates on disease-measures of 

morbidity. It is important for treatment assignment by practitioners. 

The functional approach stresses the effects of a biomedical (or other) 

condition upon feelings and capabilities as regards normal life-style. 

The cultural approach is closely associated with what patients recognize 

and worry about, and also stresses the notion of a "sick-role" as a 

social "slot" in which expectations about social obligations of the sick 

person and of others towards that person, are different from what they 

would otherwise be. 

Determinants of Health Care Demand 

It has been demonstrated that inputs such as diet, housing and 

general life style may be far more important, for most people, most of 

the time, than anything that the professional providers of health care 

can do to invest in health capital (e.g., Auster, Lereson, Sarachek 

1969, Fuchs 1974). 
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The estimation of relatively "simple" demand curves depends on 

the existence of "prices" with which consumers are confronted. In most 

health services in African countries, this price-at-the-point-of-contact 

between the provider and recipient of the service is complicated by (1) 

zero money prices, or prices which amount to "entry fees" entitling one 

to a wide range of services, (2) eligibility criteria which mayor may 

not have financial elements in them, and (3) time costs and other 

financial and economic losses associated with gaining access and 

undergoing treatment. 

So what potential consumers of health care face is not a 

"price," but a vector of access conditions (which will normally include 

some "prices") all of which have to be met before it is possible to see 

a traditional healer, pharmacist, or a doctor. 

American studies of price elasticities of demand (Feldstein 1974 

and Acton 1975) indicate that in the U.S. time prices seem to be as 

important as money prices. One area in which some work has been going 

on is in the use of differential travel costs (time and money) as the 

"price" faced by people 1i ving at different locations to test strength 

of consumers "demands" for consultations and treatments (Williams and 

Anderson 1975, Chapters 5 and 9). The general importance of time 

prices, and their interactions with other factors in influencing the 

relative frequency of use and the personal characteristics of users, is 

reviewed in Shannon et ale (1969) and Heiss et ale (1971). 

To devise "demand" functions which will isolate the relative 

extents to which money, time, knowledge, energy, and desperation 

influence the health-care-seeking behavior of different groups in the 
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rural community, we need to establish the dependence of the demand for 

access to the health care unit and the demand for the use of the uni t 

once access has been purchased. The concern, here is a household whose 

potential market basket consists of two groups of commodities, medical 

goods and services M and a composi te good X that represents all other 

goods and services. The discussion that follows assumes away arguments 

concerning consumer uncertainty and externalities presented in the works 

of Mushkin (1972). If q denotes the consumption vector with X and M as 

vector components, i.~ q = (X,M), the individual is supposed to choose, 

among the possible consumptions, the most preferred q. Given the list 

and the characteristics of commodities, it is often assumed that 

commodities characteristics are comparable with any consumption vector q 

and q R+ which means that quantity be associated with the set of 

positive real numbers R+. This may be called the "Euclidian assumption" 

(Lesourne 1977). Under certain conditions, some individuals at certain 

times will have the preference for medical goods and services 

superceeding that for all other goods and services. These indi vidual 

preferences are more or less supposed to satisfy the axioms of: (1) 

completeness, (2) transitivity, (3) monotonici ty (4) continuity, and (5) 

convexity. If preferences satisfy these conditions, it can be shown 

that there exists a continuous, monotone, strictly concave maping of 

into R+ which defines an ordinal "Utility Function" U (q) or U [q(x,m)] 

(Debreu 1954). 

Traditional individual theory assumes that each household attempts 

to get as much "utility" or satisfaction as is consistent with a set of 

constraints known as the "Affordable Set," which is defined as 



r(p,n) = {X, mE~lp • X + n· m < • W}, 

where P _ price of access and use of other goods and services; 

n _ price of access and use of medical goods and services; 

W _ value of initial endowment of the consumer. 

That means following Taylor (1978) the individual will maximize 

u = U (om, x) 

subject to 

where 

onm + px = W 

l
1 if the household receives medical treatment 

o = 
o otherwise 
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(4.1) 

(4.2) 

(4.3) 

(4.4) 

The above modeling neglects capability differences and 

transforms all individuals into strangely similar beings. The concern 

here is an attempt to express, within the units of a model which remains 

practicable, the real constraints with which individual behavior is 

confronted. That means following Lesourne (1977) the individual will 

now be: 

1. Considered in the diversity of his roles in society, and 

2. Represented with all the variety of his tastes and abilities and 

with the wealth of the constraints on income, health, time, and 

information that limit his access and usage of goods and 

services. 

Let Rn+ represent a non-negative or that of the n-dimensional 

Euclidean space. Let us denote: 

U E Rand Si E R (1 ~ i < I)the individual's utility and the 

level of the ith satisfaction; 



X E Rn+, the vector of composite goods and services; 

m E Rn+, the vector of medical goods and services; 
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p E Rn+, price vector of access and use of composi te goods and 

services; 

TI E Rn+, price vector of access and use of medical goods and 

services; 

J E R+, the time spent for search of information on goods and 

services; 

hEW, individual's health 

L E R+, the leisure time 

V E I, vector of qualities of goods and services selected. I is 

closed interval of R+ on which quality Vj of commodity j can be 

selected. 

Assuming that every individual possesses well defined 

preferences, then each will maximize. 

U = U[X, om, J, L, H, v] (4.5) 

under income, time, information, and health constraints; 8 = 1, if 

medical treatment is received and 0, otherwise. 

The income constraint is written: 

<I>(J, v) [px + TImo] < M (H, r) (4.6) 

w her e cjJ( J, v ) i s a (1 X n ) v e c tor 0 f s t ric t I Y P 0 sit i v e p ric e 

coefficients, bounded upwards and downwards for any value of their 

arguments. The coefficients are a decreasing function of search for 

information and an increasing function of the quality of the 

corresponding commodity. Occupational role r generates income M (r, H), 

when the individual is in a state of health H. This assumption 
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expresses the influence of health capability. The time constraint can 

be written: 

J + t (x + m) + L ~ T, (4.7) 

where t E Rn+ is the strictly posi ti ve vector of the minimum times 

necessary to consume one unit of each commodity and T is the total time 

available for the role of consumer. 

The information constraint is expressed through the inequality: 

g(J, v) > 0 (4.8) 

where g is a mapping from I x R+ into R and the vector of qualities 

selected is v I. I is the closed interval of R+ in which the quality 

Vj of commodity j can be selected. 

Information constraints represent the opportunity an individual 

has to get informed on existing possibilities in exchange for a given 

intensi ty of search for information. They also account for the 

possibility he has to invent new solutions enabling him to use the 

environment to partially get rid of, at least, some external 

constraints. 

The health constraint can be written: 

H[r, E, h] = H (4.9) 

where H is the individual's state of health; r is the structure of roles 

performed (taking into account occupational diseases, accidents at work, 

etc.); E is the characteristic of the social state imposed by the 

environment and conditioning the individual state of health (e.g., lives 

in an area of epidemic disease; level of health knowledge; availability 

of drugs, etc.); and h represents the individual's past health 

practices. 
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Assuming <5 = 1, then the individual has to choose x, m, J, L, V 

in order to maximize 

u = U[x, m, J, L, H, v] 

subject to the constraints 

cP (J, v) • [px + TIm] < M (H, r) (income) 

J + t(x + M) + L < T 

g(J, v) > 0 

H[r, E, h] = H 

We now assume, for convenience, that: 

(time) 

(information) 

(health) 

(4.10) 

(4.11) 

(4.12) 

(4.13) 

(4.14) 

(A 1) the budget set (4.11) is convex, closed and bounded; 

i.e., for any vector Z £ Rm+, the set CP(J, v) z < 1 is a convex set in 

R+ x I x Rm+ 

Convexity implies that: 

1. Less and less increased consumption possibility is obtained in 

exchange for a unit increase in J; 

2. more and more quantities must be renounced in order to increase 

v by one unit; 

(A2) The time set (4.12) is a bounded closed convex set; 

(A3) The information set (4.13) is convex and bounded. 

That means, the function g is a concave function of its 

arguments; i.e., 

g[8J + (1 - 0)JI, 0v + (1 - 0) v'] > Elg(J, v) + (1 - 0) g(JI, v') (4.15) 

for any J, J I £ R+, v, V I £ I 

The search for information has a decreasing return to scale. 

(A4) (a) Utility is a strictly concave increasing function of 

satisfactions. 
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(a) Each satisfaction is a concave function of its 

arguments. Assumption (A4) (b) includes the following cases: 

1. A satisfaction is a concave increasing function of an argument; 

e.g., quantity consumed (x or m), quality selected (v), search 

for information (J). 

2. A satisfaction is a concave decreasing or increasing-decreasing 

function of an argument; (e.g., search for information becomes 

less and less pleasant and more and more tedious). 

Given the above assumptions, the relations (4.11) to (4.14) are 

sufficient to define the individual demand functions i.e., the sets that 

maximize U on the sets of constraints: income, time, information, and 

health. Hence, there is a "unique individual equilibrium," which 

results from an actual behavior of the individual to alter environment 

(Lesourne 1977, Chapter 7) or his set of constraints. 

The question now is to consider how an individual adapts his 

choice behavior to a change in the environment. Following Lesourne 

(1977), the change in the environment can be described by a vector 

[dp, TId, dt, dT, dH, dr, dE, dh] and the indi vidual response by a vector 

(dx, dm, dJ, dl]. To relate these two vectors, it is necessary to 

differentiate the first order equilibrium conditions, the Lagrange 

multipliers A, )J, ex and Y being respectively associated to income, time, 

information, and health constraints in (4.11), (4.12), (4.13), and 

(4.14), respectively. 

Hence, at a local maximum of utility, wherlil none of the 

variables is equal to zero, one has with an obvious notation 



Ux = A· q,(J, v) • P + ~ (composite goods) 

Urn = A· <jJ(J, v) • n + wt (medical goods & services) 

Uj = A ~J . (px + nm) +w - CI. ~~ (information) 

UL = W (leisure) 

Uv A a<jl (px + TIm) 
ag 

(quaU ti es) = av- . - av-

UH 
M 

AH' (health) + A--
H- + A = 

Relations (4.15) to (4.21) have a direct economic meaning: 
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(4.16) 

(4.17 ) 

(4.18) 

(4.19 ) 

(4.20) 

(4.21) 

(4.16) means the marginal utility of a consumption (of composite 

goods and services) is proportional to the sum of its price (P) and the 

value of the consumption time. 

(4.17) expresses that the marginal utility of consumption of 

medical goods and services is proportional to the sum of its price (n) 

and the value of the consumption time. 

(4.18) means that the sum of the marginal utility of search and 

of the marginal value of the information obtained on prices and on 

possible qualities is equal to the marginal cost of the time spent in 

search. 

(4.19) expresses that the marginal utility of a leisure is 

proportional to the value of time. 

(4.20) means that the marginal utility of the consumption of a 

better quality is equal to the sum of the increase in expenditure and of 

the marginal cost of information needed. 

Under certain conditions an individual's preference for medical 

care may supercede that for all other goods. That is, Urn < Ux for any 
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given individual for the bulk of the time when he is healthy but Urn > Ux 

when he is sick. It is because of this wide variabili ty of Urn among 

individuals and its unpredictability that distinguishes it from other 

economic goods and services. 

The respective values and even signs of Ux, Urn, UJ , UL' Uv and 

UH may vary from one individual to another. For instance: 

care; 

Urn > 0 for individuals who attach a positive value to medical 

Urn < 0 for individuals who are against health care services; 

Urn = 0 implies the individual is indifferent to medical care. 

UJ > 0 for individuals who look for information more than 

necessary; 

Uj < 0 for individuals who dislike to search for more 

information; 

UH < 0 implies the individual is in a depressive state and he is 

no longer interested in life and finds some satisfaction in the 

deterioration of his health. 

Relations (4.16) to (4.21) are sufficient to define the 

individual demand functions for medical goods and services and other 

composite goods and services: 

m = m(n, p, t, H, v, r, J, M, L, E) 

x = x (n, p , t , H , v, r, J, M, L , E ) 

(4.22) 

(4.23) 

Determining the individual response to an external change 

described by the vector [dp d dt dH dv dJ dr dM dL dE] is accomplished 

by totally differentiating relations (4.16) to (4.21). The 
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relationships between individual response vectors and external change 

vectors lead to the conventional Slutsky relations in the commodity 

space. For instance, if the analysis is restricted to a simple model 

Max U(m, x, L) 

Subject to 

px + TIm < M(r, H) 

(4.24) 

(4.25) 

(4.26) 

where tx = time required for consuming composite goods and 

services; tm = time required for medical goods and services. The system 

of equations relating the response [dm dL] to change in M (price and 

access and use of medical goods and services) and Lis, with an obvious 

notation: 
(4.27) 

U1m U1x U1L 11 tm dm I ~dTT + ~p + lJdt I 

U1x 0 0 P tx dx 0 0 

UiL 0 0 0 dL = 0 0 

TI P 0 0 0 -dA dM - xdp - mdTI 
I 
I 

_tm tx 0 0 0 -d - m- dT - xdtx - mdtm _I 

If D is the determinant of the system and Dij the minor of the 

element of the ith row and jth column, then 

From (4.28) one can deduce the Slutsky equations: 

(ij)M 
ami ami 

2, (4.29) = --+ MJ , i, j = 1 , . . • n 
a11j a(n + p) 
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is symmetrical in i and j since (ij)M = yDij/Dm where (ij)M is the 

Slutsky coefficient in the income space: 

dIni ami 
= -- + mj --, 

atmj aT 
{ij)T I, J, = 1, 2, 

is also symmetrical in i and j. Furthermore: 

(ij)T = ~ (ij)M, 
y 

• • • n 

where (ij)T is the Slutsky coefficient in the time space. 

(4.30) 

(4.31) 

From relations (4.29), (4.30), and (4.31) one can notice that an 

increase in price has the same effect on consumption as an increase in 

the value of the time spent to buy and consume a unit of goods and 

services. 

If one changes L to J and examines the model 

Max U (m, x, J) (4.32) 

subject to 

¢(J) [TIm + px] = M (r, H) (4.33) 

where <P is a decreasing function of J, then the system of equations 

relating individual response to change in attitude towards search for 

information is, with an obvious notation: 
(4.34) 

- U1m U1x U1J A¢JTI TI P -1 .- dmi r- Adm -. - 1 1 1 

U1x dx Adx 

U1x - A¢J UJJ Y MqJJ dj = ~ ¢Jd TI 

1 1 
1 1 

LP 0 0 1 -dA 1 LdM - xdp J _I _I 

From (4.34) one can deduce the relation: 

dIm = [j\TI (m¢J)2 -
A 

M]/[s M <P J + TI] 
A 

dn + dMI [s M<PJ + TI] (4.35 ) 
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and 

(4.36 ) 

Where 

A = U 1 J - Acp iT and 

B = A1T<PJJ - UJJ 

(4.37) 

(4.38) 

When no information is possible; i.e., ~ = 0, then we have 
m 1 

dm = - -- d + -- dM n n (4.39 ) 

It is possible from the Slutsky relations derived from (4.35) 

and (4.36) to show that: 

1. if ~~ < 0 then the indi vidual feels less compelled to search 

for information when his income is higher 

2. if ~~ > 0 then the individual compensates the increased price 

in the access and use by a more intensive search. 

3. ~ +0 then there is a possibility of search. That is the 
an 

indi vidual uses his additional income to search less and 

accepts, therefore, higher prices. 

4. B t aN hi h' 1 < 0 d I aM I 0 (. 11' u , ---- w C lS a ways , an 1---1""" l.e., sma er ln an an 
absolute value) when there is a possibility that search implies 

the individual increases his search to obtain better prices and 

limit his consumption decrease. 

Similarly, one can change J into v (qualities of goods and 

services) and examine the model 

Max U [v, m, x] (4.40) 

subject to 
¢(v) • [px + TIm] = M (r, H) (4.41) 
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Using the same procedures in (4.27) and (4.34) one can deduce: 

2 A' A' 
dm = [ATI (m<pv) - M]/[8" • M<Pv + TI] dlT + dM/ [8" • M<pv +TI] (4.42) 

dv = m(U1m<pv - A') d I[A'M<Pv + B' • IT] + [A'· - U1m<Pv • m]dM/ [A'·M<Pv + B' • TI] (4.43) 

A' = U1v - A<PvTI> 0 and B' = YlT</yv - Uvv > 0 

a condition for maximum. 

It is possible from the Slutsky relations derived from equations 

(4.42) and (4.43) to show that: 

1. If ~ > 0 then it implies the individual partly uses his aN 

2. 

3. 

income to consume a better quality. 

If ~ < 0, then the individual decreases the quality consumed 
aTI 

when the price increases. 

--2m.. -+ 0 when there is no possibility of choosing the quality; 
aM 

that is, the individual prefers to increase simultaneously the 

quantity and quality when his income increases. 

4. I ~~ I -+ 0 i.e., absolute value of 

individual decreases the quality 

~ approaches zero when the 
aTI 

to maintain a higher quantity 

consumed. 

In relating the above discussion to empirical data, the source 

of treatment is the dependent variable chosen to represent demand for 

medical care in this study. That is, whether there is a visit or no 

visi t to a hospi tal--alternati vely a consultation or no consultation 

wi th someone, e.g., a tradi tional healer--when an indi vidual is sick. 

In a, previous discussion, the preference for medical care, Urn' has been 

considered as though it were a single commodity. Actually, there might 

be a dispari ty between Urn for medical care as a whole and Um1' um2' ••• 
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for separate components (~~, treatments from government and mission 

hospitals, private hospitals, herbalists, fetish priests, spiritual 

churches, self-treatments with herbs or with drugs purchased from drug 

peddlers, etc.), using the same set of explanatory variables as in 

(4.22), would indicate variations of factors in importance among various 

functions. 

A Model of the Choice of Class of Treatments for Empirical Testing 

In this section the intent is to develop an operational empirical 

model within the framework of utility maximization for predicting the 

demand for health care in Ghana. In theory, factors which one would 

expect to influence the voluntary consumption of goods include those 

describing: 

1. His wants (generated by psychological and physiological factors) 

2. His source of income earning assets. 

3. His source of information. 

4. His use of time available. 

5. His health experience 

We shall continue to assume away the arguments concerning 

consumer uncertainty and externalities with respect to health care. 

In this study a household's decision to seek medical care in 

Ghana is assumed to involve maximization of 

where 

z = Z(C, ARD, KN, HG, HS, W) 

Z _ current period satisfaction. 

C _ current period consumption per person. 

(4.44) 
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ARD _ average number of restricted days per person (e.g., a 

vector of number of days having an ailment). 

KN _ level of health knowledge 

HG _ level of health good (e.g., water tank, pit latrine 

purchased or constructed at the initiative of household). 

HS _ initial health status 

W _ initial wealth 

Each household's maximization of current period satisfaction is 

constrained by a health experience function, a production function, and 

a cost function which describe the set of constraints mentioned in the 

previous section, i.e., income, time, information, and health. 

Health Experience Function Constraint 

By IIhealth experience" we mean the occurrence or non-occurrence 

of a medical condition (an ailment during a specified time interval) and 

given the occurrence of a condition, the intensity and duration of that 

condition. Health experience is not completely under the control of the 

household. Rather, the probability of an ailment (HE) is assumed to be 

given by the relation: 

Prob (HE) = F(E, C, HP, KN, HS, 0) 

Where HE = health experience of each person (a vector of ailments) 

F = health experience function 

(4.45 ) 

H = environmental factors (water source, prevalence of 

communicable diseases, etc.) 

C = current consumption per person 
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HP = health practices (habitual or routine practices, e.g., 

boiling drinking water) 

KN = initial health knowledge 

HS = initial health status 

o = occupation 

I~ is assumed that the consistency (or efficiency) of health 

practices is a function of the level of health knowledge and "awareness" 

of preventive medicine.[See Selley(1974) and Ayivor(1979»). 

Morbidity Function Constraint 

Given ~he occurrence of an ailment on the par~ of ~he household, 

the probable intensity and duration of that condition, Prob (SO) is 

given by the relation: 

Prob (SO) = feE, MT, C, HS) (4.46) 

where 

SO = severity and duration measured in terms of the number of 

restricted days (i.e., a vector of various levels of 

disability) 

f = morbidity function 

E = environmental factors 

MT = medical treatment sought 

C = consumption per person 

HS = initial health status 

Production Function (Assets/Income) Constraint 

In each household the total consumption, net savings 

expenditures on durable "health goods," expenditures on heal~h 
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practices, and expenditures connected with treatment sought cannot 

exceed the income generated by the household. Thus, it is assumed that 

the household's ability to generate income, Y, is determined by the 

relation: 

Y = h(HH, 0, TSD, N, W, HP) 

where 

Y = total income generated by household 

h = production function 

HH = household size and composition 

(4.47) 

o .. occupation (economic activities carried on by household 

members). 

TSD = total restricted days of those members in the work force (due 

to ill health). 

N = initial family size 

W = initial wealth per person (income earning assets inclusive) 

HP = health practices (time required) 

Cost (Time/lnformation--Access!Use) Function Constraint 

For each household, it is assumed that: 

1. The cost (price) of treatment, Pt , depends on access to 

treatment facilities (distance/time) and the use of services 

(i.e., charges derived as a result of consultation with a 

doctor, herbalist, fetish priest, etc.). 

2. The cost of health practices, hp' depends on certain 

environmental factors (e.g., source of good water) and the kind 

of health goods in possession. [See Selley(1974) & Ayivor(1980)] 
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3. The cost of acquiring additional health knowledge (information), 

Pkn , depends on access to sources of information and contact 

with treatment facilities. 

Then, each household's total expendi ture (YE) can be evaluated 

by the following function: 

where 

YE = C • N + Pg· HG + Pt • TT + Php • HP + Pkn • ~KN 

YE = total household expenditure 

C = non-health consumption per person 

N = initial family size 

Pg = price of health good 

~Hg = net investment in health goods 

Pt = price of treatment sought 

TT = total treatment sought by household 

Php = price of health practice 

HP = health practice 

~KN = additional knowledge acquired 

Pkn = price of health knowledge 

Measures of Explanatory Variables in the Demand Hodel 

(4.81) 

Based upon the household objective (of utility maximization) and 

the set of constraints (income, time, information, health) assumed above, 

the demand for health care services, Df can be estimated as a function of 

those characteristics describing in broad terms the factors of the house

hold's needs, perception, willingness to secure care, and ability to 

secure care. That is, the demand function can be represented by: 
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D = f (NE, PE, WSC, ASS) (4.49) 

where 

D = a binary variable that takes 1 if the household demands access 

and use of a non-traditional health facility (hospital) and 0 

otherwise 

NE = needs (physiological/psychological) existing 

PE = perception of felt needs (physiological/psychological) 

WSC = willingness to secure care (information/health constraints) 

ASS = ability to secure care (income/time constraints) 

It is clear that the problem now becomes one of finding 

operational or measureable variables which can describe the factors 

mentioned above. It is evident that some of the factors will be very 

difficult to measure accurately. However, in Ghana, and in most 

developing societies, a wide variety of these variables will be relevant 

to physiological, psychological, social, economic, and even geographic 

condi tions. The operational variables which seem to be most relevant 

are classified as follows: 

1. Existence of Real Physiological Needs (NE) 

(a) Age (b) Sex 

2. Perception of Real or Supposed Needs (PE) 

(a) Age (b) Sex (c) Level of Education 

3. Willingness to Meet Felt Needs by Securing Care (WSC) 

(a) Level of Education (b) Region or District 

(of birth and upbringing) 

(d) Type of Illness 

(c) Religion 

(e) Health Experience 



4. Ability to Secure Treatment of Care (ABS) 

(a) Household income (b) Liquid Assets 

(c) 

(e) 

(g) 

Eligibility for Free Care (d) 

Availability of Household Care (f) 

Sick Leave Provisions 

Insurance Coverage 

Distance 
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The manner in which these operational variables affect the 

demand for medical services in Ghana will be discussed in detail in 

Chapter 6. 

Forecasting Health Care Demand 

Economic science attempts to explain and predict the behavior of 

individuals. In practice, this often requires that they predict 

individual decisions or choices. In many situations, choices are made 

over a continum of possibilities; for example, "how much" to spend on a 

treatment at a particular health facility or how many times to visit a 

traditional doctor. But in many other situations, choices are made from 

a limited number of possibilities or alternatives, which are "discrete" 

or "guaranteed" in nature. 

Many different approaches have been used to forecast the usage 

of a public facility or service. In the early days, the techniques were 

very rudimentary since they were developed by practictioners with a very 

specific application or problem in mind. Trip-generation regression 

studies [McCarthy (1969); U.S. Department of Transportation (1975)] and 

application of discriminant analysis to model split [Beesley (1965); 

Quarmby (1967)] are examples. As researchers looked for more efficient 
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and reliable ways of predicting how public facilities and agencies are 

used, it became clear to them that some of the "off-the-shelf" 

techniques could be improved and new econometric techniques began to 

emel"ge. The multinomial logit (MNL) model is, perhaps, the most 

noticeable of such techniques. It has been popularized by 

econometricians and researchers with interest in transportation problems 

[see e.g., Theil (1969); Rassam et al., (1971); McFadden (1973, 1974)] 

and has been used in many transportation studies. 

The objective of health care demand forecasting is to relate, by 

means of a mathematical function (called the demand function), the 

number of visits to a health care facility (henceforth called the usage) 

to the characteristics of a population of potential users and the health 

care system so that when any of these characteristics of the population 

(age, income, health experience, level of education, etc.) and the 

health care system (hospital, herbalist, distance, cost, etc. is changed 

one can predict the change in usage). These will be called "attributes 

of the system" or simply, "attributes" in this study, the attributes of 

the health care system will sometimes be referred to as "level-of

service" attributes and the characteristics of the population as 

"socioeconomic" attributes. Since these attributes vary from individual 

to individual, their relative frequencies of appearance for individuals 

sampled at random from the population may be described by a probability 

density function. To derive a demand function, one specifies, on a 

priori grounds, a family of functions that relate usage to the 

distribution of the attributes across the population depending on the 
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value of some unknown parameters. According to Daganzo (1979) this 

process, called "specification" is perhaps the most crucial step in 

carrying out a forecast. 

If there are r unknown parameters 8 1 8 2 , ••• :' 8), and 

F(a1' ••• an) denotes the joint probability density function of the s 

attributes A1, A2 , • •• , A5 that appear in the specification of the 

problem, then the demand function would be written as y = d(81, 8 2, ••• 

Elr' 8) where y is the predicted usage of the facility and where y is the 

predicted usage of the facility and ~ is a set containing the values of 

F(a1' a2' ••• , an) = F (0:) for each and every value of the attribute 

vector, 0:= (a" a2' ••• ,as). If the demand function is specified in 

only certain aspects of F(o:) (such as the averages of the attributes), 

it is known as an "aggregate demand model." Models that do not use 

attribute averages are called "disaggregate demand models." 

Once a model has been specified, the parameters 81, 82 , ••• , 8r 

are determined from data by means of a "calibration" process, which 

involves the selection of parameter values that best fit the data. 

Disaggregate demand models require special calibration procedures. 

Before a calibrated model can be used to forecast, it should be 

validated through statistical tests. 

According to Daganzo (1979), forecasting the usage of a public 

facility or service is sometimes made difficult by the existence of 

congestion. Because of congestion, some of the level-of-service 

attributes of a system depend on the usage of that facility concerned, 

and these attributes cannot be determined prior to the forecast with the 

demand function. 
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Disaggregate Demand Models 

Suppose by empirical observation it is determined that a 

fraction p of a group of people with attribute vector a opt for using a 

particular health care facility or service. Then if one repeats this 

observation for all possible groups (e.g., households) and records the 

resul ts, one would have developed an empirical relationship between a 

and p, i.e., 

p = P (CP, a) (4.51) 

functions". This terminology "choice function" is used because one can 

interpret P in (4.51) as the probability that a choice maker with 

attribute vector a becomes a user of the health facility or service 

under consideration. 

Since the users are observed to select from a discrete and 

finite set of alternatives i = 1, 2, I we have a 

discrete choice model~ For a discrete choice model, the total usage of 

health care facility can be obtained from the choice probability 

function and the probability density function of the attribute vector 

F(a). If M is the population size, the total density, D, of choice 

makers (with attribute vector) becomming users is given by 

D = P (CP, a) F (a) M 

and the total usage, y, is given by 

y = Mfa •• • fwSP(CP, a) F(a) da 
1 

(4.52) 

(4.53) 

This is the demand function, which can be written in terms of 

statistical expectations as 

y = M • EA {P(¢, A)} (4.54) 
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where EA[P(¢,A)] is the fraction (or expectation of quantity) of 

individuals in the group (with attribute vector A) selecting a 

particular health care facility i.e., Y/M = EA {P(<jl, A)} 

Properties of the Disaggregate Demand Models 

A correctly specified disaggregate demand model captures ongoing 

human decision-making mechanism more accurately than an aggregate model 

since it deals with groups of identical units rather than with 

heterogeneous groups. 

Difficulties With Disaggregate Demand Models 

One problem connected with discrete choice models lies in the 

proper specification, since the choice function cannot be selected 

arbitrarily. Indeed, for a choice model to be properly specified, the 

choice function must satisfy 

and 

o <po (cp,a) < 1, i-1, 2, ••• I, - ~ 

I 
1: Pi (qJ, a) = 1 
i=1 

for all the relevant range of cp and ~ 

(4.55) 

(4.56) 

In order to obtain reasonable specifications of discrete choice 

models satisfying equations (4.55) and (4.56), one can introduce the so-

called "Random Utility Models" [Manski (1973)], Our main concern here 

is that instead of defining the choice function for each alternative 

(health-care facility), we define a new function Vi (CP, a) that is 

intended to capture how attractive a particular health-care facility is 

to a choice maker with attribute vector ex. These functions are termed 
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"measured attractiveness" functions. The term "attractiveness" is used 

instead of the term "utility" to emphasize that vie¢, ex) need not meet 

any specific properties of utility for many demand forecasting 

applications. However, since according to observation, users with 

identical attribute vectors do not always make the sa"me decision, we 

define for each decision maker in the group a set of unobservable 

"perceived attractiveness" Ui upon which choice makers base their 

decisions. This perceived attractiveness vector is modeled as a random 

variable Ui (~, ex) since it varies across population or even within 

groups of people with the same attribute. 

One can then introduce some unobservable "disturbances" Ei(~~' 

or "error terms" which represent the difference between Ui (<p, ex) and 

Vi(¢'~. These random disturbances can be interpreted as capturing 

different things, among them, errors in the measurement of the 

attributes in the data and the contribution of "neglected attributes" 

[i.e., attributes that cannot be observed plus attributes that, although 

observed, are not included in Vi (<p, ex)] toward Ui • 

If the distribution of Ei (CP, ex) [or that of Ui (CP, ex)] is known, 

it is possible to obtain the choice function by calculating the 

probability that a particular health-care facility, i, is the most 

attracti ve: i.e., 
(4.59) 

Pi (¢, ex) = prob {Vi~P, ex) + Ei(q), ex) > Vj(<p, ex) + Ej <c4 ex); Vj f. il, i = 1, 2, ••• I. 

This is the fundamental equation of "Random Utility Models" and it 

satisfies the requirements of the choice function in equations (4.55) 

and (4.56). The next chapter discusses the statistical specification 

and estimation of some random utility models. 



CHAPTER 5 

STATISTICAL SPECIFICATION AND ESTIMATION OF DISCRETE CHOICE MODELS 

This chapter examines the theoretical specification and 

estimation of qualitative choice models. The deterministic theory of 

the representative individual is discussed, and then a stochastic theory 

is formulated from which choice probabilities are derived. It also 

discussei the functional forms of random utility models and the 

statistical techniques that can be used to calibrate the parameter 

vector 0 of a random utility model. 

In the previous chapter a discrete-choice model has been 

developed for the purpose of determining the circumstances under which 

the sick prefers one type of medical attention to the other. This 

chapter is devoted to an attempt to gain an insight into the following 

questions: 

1. What are the difficulties of using standard OLS regression 

procedures when a quantal choice model is adopted? 

2. What are the procedures for dealing wi th these OLS regression 

problems for both the binary and general quantal choice models? 

Suppose an individual's decision to choose a particular health

care facility is modeled to depend on the attribute Xi and random 

effects ei. Then this model can be represented by 

Y i = ex + S Xi + (i' i = 1, 2, ••• M (5.1) 

91 



92 

where { 1, if the ith individual attends hospital 

0, otherwise. 

Ei. = random disturbance, a and !3 are unknown parameters. 

This discrete-choice specification has several problems, which 

are as follows: 

1. The usual OLS assu mption that E(£i) = implies that gi ven Xi' 

the error term £i must take only two values, namely -(a + aXil 

and 1-(a + aXil with probabilities P1 = 1 - (a + aXil and P2 = 

(a + aXil respectively. That means, the assumption E(C i ) = 0 

implies Pi > 1 or Pi < 0 since (a + aXil > or < o. 

2. The usual OLS assumption that E( Et) = (J 2 (i.e., 

homoscedasicity) is no longer tenable. That is, Var (£i) = 

(a + aXil (1 - a - aXil = E(Yi) [1 - E(Yi)] which implies Ei's 

are heteroskedastic, since Var (Ei ) depends on i. That means, 

the use of OLS technique will result in inefficient estimates 

and imprecise predictions. 

3. Predictions of the value of Yi outside the unit interval is 

possible for values of Xi outside the sample range, even if 

E(Yi I Xi) is confined to the uni t interval as in (5.1) 

4. The usual tests of significance for the estimated coefficients 

do not apply, estimated standard errors are not consistent, and 

the summary measure R2 is no longer meaningful. 

5. Since the Yi's are not normally distributed, no method of 

estimation that is linear in the Yi'S is in general efficient. 

That is, any estimation that is linear in the Yi's such as the 

OLS or the GLS can be improved upon. 
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In the following section, several procedures are presented to 

deal with specification problems concerning discrete choice behavior. 

Proposed Solutions for Discrete Choice Models--Binary Choice Models 

The first situation to be discussed will be the estimation of 

parameters in models where the decision maker must choose one of two 

alternatives, a binary choice, and enough observations are available on 

each different setting of the independent variable to use sample 

proportions as estimates of probabilities of choosing either 

alternative. It will be shown that when such repeated observations are 

available, the approximations to probit and logit models allow efficient 

parameter estimation by GLS methods. 

The second situation to be considered is the case when only a 

single or few observations are available for different "settings" of the 

independent variables and the decision maker faces two or more 

al ternati ves. Esti mabIe forms of these models are obtained by 

considering random utility models as described by McFadden (1974) and 

Domencich and McFadden (1975). 

Linear Probability Models (LPH) 

Goldberger (1964) and Zellner and Lee (1965) suggested this 

approach to correct for only the problem of heteroskedasticity mentioned 

above. This model is obtained by generalizing the binary model, in 

(5.1); i.e., Yi = ex + BXi + I::i to allow for the possibility of ni 

observations on each individual i. This model (LPM) considers the ith 

sample proportion Pi = Yi/ni where Yi is the number of occurrences of 
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the event E (Le., no. of visi ts to to a hospi tal) in ni repetitions of 

the setting Xi; and Xi is the (K x 1) vector of independent variables. 

This proportion, Pi' is related to determining variables as follows: 

(5.2) 

In matrix notation, we have 

P = xS + E (5.3) 

Where P is an (M x 1) vector of sample proportions, and X is an (M x K) 

non-stochastic observation matrix of rank K. 

From Equation (5.3), the GLS estimator of 

B = (X'Q-1 X)-1 X'SG-1 P 

is given by 

(5.4) 

where SG is the diaponal covarianance matrix of E. The true proportions, 

* Pi' are related to the sample proportions, Pl, by 

* Pi = Pi + Pi' i = 1, 2, ••• M (5.5) 

So that El' Binomial (0, OE?) whereo~. = P~ (1 - P ) (i.e., the diagonal 
1 l 1 n, 

l 

element of the matrix, SG). 

* A For unknown Pi' one can replace it with the sample estimate Pi' 
,., 

where Pi is the ith element of the matrix, 
A 

P = xb (5.6) 

where b = (X' X)-1 X' P (the unweighted OLS estimator of ). and the 

variance-covariance matrix of b is given by 

(5.7) 

But the "conventional" OLS covariance formula is a2(x, )-1 x , where 

82 = (P - Xb)' (P - Xb)/(M - K) = E'E/(M-K). 

Thus, if pi is unknown, a feasible GLS estimation of S in Equation (5.4) 

is now given by 

(5.8) 
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A A 

where Q is a consistent esti mate of Q, in the sense that plim aij = 
aij. Statistical inference procedures may be used if conditions defined 

by Theil (1971, p. 399) are fulfilled. 

Inequality-Restricted Least Squares Model (IRLS) 

This method ensures that the predicted proportion will fall 

within interval (0, 1), for a given sample of X :: (M x k) observations, 

where X' = (X 1 S2 ••• XM). However, this method may not be 

satisfactory when prediction is required for any Xi' where Xi = (X 11 

X21 ••• Kk1 ) The IRLS model minimizes 

z = (P - XS)' Q(P - XB) (5.9) 

subject to the predicted proportion. P = XS falling within the 

interval (0,1) i.e., 

and 

Where ~ is an (M x 1) vector of one's. 

(5.10) 

(5.11> 

If a priori knowledge is available on future values of the 

explanatory variables, sayan (N x K) matrix X, then the restrictions in 

(5.10) and (5.11) can be written as 

where 

-X 
-X < n 

¢ 

X = I ~*l is an (M + N) x K matrix, and 

n is an (M + N) x 1 vector of ones. 

(5.12) 

Applying the Kuhn-Tucker conditions to (5.9), and (5.12), we 

obtain the inequality-restricted least squares estimator, 
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= (X' Q -1 x) -1 x Q -1 P = S, if A1 = A 2 = O. (5.14) 

where >, and ~ are (M x 1) and (N x 1) vectors of Lagrange multipliers. 

There are two limitations when one uses this approach. These are: 

1. It depends on the availability of the future values of X, and 

2. The sampling properties of the estimator in (5.13), when Q is 

estimated, have not yet developed analytically. 

Probit Transformation Hodel 

This model is based on the supposition that there exists a 

monotonic relationship between choices on one hand and attributes of 

alternatives and individual decision makers on the other. Since the 

measur ed at tr i bu tes of a chosen a1 ter nati ve, i.e., Ii = X:f!3 tends to 

increase with the probability of choice, the "true" probability function 

is assumed to have the characteristic shape of a cumulative distribution 

function (CDF). 

The probi t model or the normal CDF is adopted with the 

assumption that each individual chooses an alternative by comparing Ii 

to some critical value of (percei ved attractiveness), which reflects 

individual tastes. If an individual chooses an alternative E only if 

Ii > I*, then the conditional probability of choosing E, given I, is 

(5. 15) 

That means, if the probit model is based on the assumption that the true 

proportion, pi in Equation (5.5) is related to the "!!!~~~.!!!:.~£ 
, 

attractiveness," Ii = XiS by way of the standard normal CDF, then 



It follows from Equation (~5) that 

F-1(Pi) = F-1 (P~ + Ei ) 

Where F-1 is the inverse of the CDF. 
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(5.16) 

(5.17) 

According to Zellner and Lee (1965), Equation (5.17) can be used 

to obtain the relation, 

(5.18 ) 

i'lhere F-1(P i ) and F-1(P;) are the 2.£~~!.~~~ and !:.!.~~ "probits," 

respectively, F-1(P:) = Ii' and Z(P~) is the value of the standard normal 

density evaluated at P~. 

Alternatively, Equation (5.18) may be written as 

F-1 (P i) ~ X I B + U i 

where var (Ui) = var = 

Since from (5.5), 

ni 

(5.19) 

(5.20) 

S :: (K x 1) vector of coefficients; 
, 

xi :: (1 x K) vector of 

independent variables. Thus the GLS estimator for S in Equation (5.19) 

is given by 

'" B = (X'S"2 -1 X)-1 X' S"2-1 v (5.21) 



Where 

n 
(M x M) = 

.-I 

• 2 10 
u11 

v = 

2 

and 0 ~ = 

(i.e. a vector 
of observed 
probits. ) 

,. 

98 

A feasible GLS estimator is obtained by replacing Q with n, a diagonal 

matrix whose elements are consistent estimates of var (U i ); i.e., 05 .. , 
11 

i = 1, 2, ••• M in Eq. (5.20). To calculate var (U i ), one may use 

sample proportions Pi or predicted values Pi from a linear probability 

model in Equation (5.6). 

The Logit Transformation Model 

The logit model or the logistic CDF is used because of its close 

approximation to the normal CDF [see Cox (1910), p. 28] and its 

numerical simplicity. 

From Equation (5.15), the conditional probability of choosing an 

alternative E, given Ii' is 

If the true proportion, 
if 

Pi' in Equation (5.5) is related to the 

"measured attractiveness," Ii = x~B by way of the logistic CDF, then 

P~ = ________ ~--__ 
1 , 

1 + exp(-Xi (3) 
(5.22) 



or 

From (5.23) we have 

or 

P~ = 1 

, 
liS 

, 
XiS 

I· e 1 

I· 
+ e 1 

= log 

= log 

where Ii 

p! 
1 , - P~ 

1 

p! 
1 

i 
- Pi 

= X~S 1 
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(5.23) 

(5.24a) 

(5.24b) 

It can be shown that using the relation Pi * = Pi + E i in (5.5), we have 
,.. 

r- Pi -1 Ei I I , . . , 
In XiS + XiS + ,.. . 

p!(1 P~) 
. 

I - Pi I -L -' 1 1 

where 

Var(wi ) = Var 
1 

Therefore, the GLS estimator for S in (5.25) is given by 

8 = (X' n-1 X)-1 x' n-' V 

r- P1 
-1 ... 2 -. 

I I I , In( ) 
0 

I w11 
1 - P, 

where v = , and n= I , 
PM 

I 
L J 

(observed logits) , ln( ) I 

0
2 I 

I I I 
I 1 - PM I I ... .J I- wMM .J 

and 

,.. 

Wi (5.25) 

(5.26) 

A feasible logit estimator S is obtained by using a consistent estimator 
,.. 
n in (5.26) or 
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p. 

The qua n tit yIn 1 i s call e d " .!.2..B._2.££~ " --C::--P:-- or 
1 

"observed logits." One advantage in using the logit model 

whereas the p's range from 0 to 1, the corresponding odds, 

range from 0 to 00 and the log odds from - 00 to + 00. 

is that 
P. 

1 

1 - P. 
1 

Other CDFs for use in binary choice models have been suggested 

by Zellner and Lee (1965) and Nerlove and Press (1913). An extensive 

list of applications is given by McFadden (1916, pp. 382-390). 

Proposed Solutions for Discrete Choice Models-
Quantal Choice Models--(Random Utility Model Forms) 

Methods which have been proposed for empirical analysis of 

multiple alternative qualitative choices are the generalizations of the 

binary logit and binary probit analysis, often called the "conditional 

logit" and the "conditional probit" respectively. A distinct advantage 

of the conditional logit is its computational simplicity. However, a 

primary disadvantage of its functional form is the property of 

"independence of irrelevant alternatives~ This limitation implies that 

conditional logit analysis may not be appropriate in situations where 

several alternatives in the choice set are close sUbstitutes. 

This assumption may be explained in terms of a simple random 

utility formulation of choice, as follows. Suppose that individuals 

facing a set of alternatives attach a value of Up to each alternative 

i. If there are three alternatives, for a given individual, Ui may be 

given by 

(5.21 ) 

where Ui is the aVerage value assigned to that alternative, where the 

average is taken over all individual decision makers, and Ei is a random 
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term representing the deviation of any particular individual's valuation 

from the average. 

Suppose that the individual chooses the alternative with the 

highest value to him. Assuming that, if alternatives 1 and 2 are close 

together in a particular attribute space, then an individual who 

attaches greater value than the average to the first alternative 

(E1 > 0), would also attach greater value than the average to the 

second. That means, the deviation terms, Ei' should be correlated if 

the alternatives are close and the degree of correlation should increase 

with the "nearness" of the alternatives in the attribute space. The 

conditional logit model is based on the assumption that these devination 

terms are a restriction, which is quite unrealistic in many situations. 

However, the conditional probit model has been developed to 

overcome this main shortcoming of the logit model. That means, the 

conditional probit is not constrained by the "independence" restriction 

and it allows for a much richer range of human behavior than does the 

conditional logit approach. An important characteristic of the 

conditional probit model is provision for correlation among the "random" 

components of utility and also the explicit allowance for variation in 

tastes across individuals for the attributes of alternatives. This gain 

in realism by the conditional probit is at the expense of computational 

simplici ty. 

In general, a typical quantal choice model considers an 

individual who faces J alternatives and must choose one of them. If the 
S 

probability that the jth alternative is chosen is Pj , where I Pj = 1 
j=l 
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and Y = (Y 1 ••• Y5 ) is the outcome vector where y j is either zero or 
J 

one, and L Yj = 1. Then the probability that the first alternative is 
j=l 

chosen is given by 

Y1 Y2 
Prob {Y = (1, 0, 0 ••• D)} = P, P2 (5.28) 

For M identical individuals the likelihood that Y1 = Y11' Y12' . . . 
Y15)' ••• Yi = (Y i1 , Yi2 , • , YiJ), 

YM2). is given by the likelihood function 

. . . 
If each individual faces different numbers of alternatives, J must be 

indexed by i, (i.e., J i ), and if the ith individual is faced with Ri 
J 

repetitions of the same choice situation, then L 
j=l 

likelihood function is given by 

(5.30) 

A common statistical problem is to find the values of the P j 

that maximize the value of this likelihood function. In general, 

probability that the ith individual chooses the jth alternative is given 

by 

(5.31) 

If the selection probability depend on I ij , the vector of attributes of 

the jth al ternati ve faced by individual i; and ai' the vector of 

characteristics of the ith individual. The conditional probit analysis 

differs from the conditional logit analysis in the stochastic 
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specification of the probabilities, Pij. The probit specification is 

based on the multivariate normal distribution allowing nonzero 

covariance terms, while logit formulation rests on the univariate 

independent extreme value distribution. 

In the following section, given the attributes of the 

alternatives and characteristics of the decision makers, an attempt will 

be made to relate the selection probabilities to the underlying theories 

of consumer choice. An attempt will also be made to indicate how the 

different stochastic formulations imply quite different theories of 

individual behavior and, in fact lead to quite different predictions of 

selection probabilties in some choice situations. 

Stochastic Model of Individual Choice--Random Utility Hodel 

The discussion here is mainly concerned with the stochastic 

specification of the utility function, Uij. 

The use of axiomatic theory of individual choice, presented in 

the previous chapter, is not always straightforward in econometrics, 

since only some portion of the factors that determine individual 

decisions are observed and measured. That means, there exist 

unobserved, unmeasurable, and unknown attributes of the alternatives in 

the choice sets available to decision makers as well as unobserved and 

unmeasurable attributes of the decision makers themselves. 

To handle the unobserved and unmeasurable aspects of individual 

decision making, a common procedure is to assume the existence of a 

representative average individual who is assumed to have tastes equal to 

the average overall decision maker's with given observed attributes. 
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Suppose the representative individual i faces alternatives Xij (J - 1, 

2, ••• , J) where Xij is a vector of the observed characteristics of 

alternative j, and he is described by a vector of observed attributes 

ai. Then this representative person is assumed to have a utility 

function U defined over alternative X, often assumed linear in 

parameter, such that 

(5.32) 

where Zij is a vector of functions of the characteristics Xij and the 

attributes a j , and B is a vector of parameters assumed common to the 

entire population. Once a functional form representing the behavior of 

the individual is given, a stochastic theory is used to describe 

unobserved components that differentiate a particular individual from 

the average. That is, the deterministic model, e.g. (5.32), is assumed 

to represent (random) deviations from this average. A convenient 

approach is to add a stochastic component so that 

Uij = U(Xij' ai) + E(Xij' ai) = ZijB + Eij (5.33) 

where Eij is a random variable, representing the effect of unobserved 

factors in each trial, measurement error, or random individual behavior, 

so that when faced repeatedly wi th the same al ternati ve set, the same 

indi vidual makes di fferent choi ces. It is the speci fication of 

particular joint distributions for these random variables that leads to 

the conditional logit or probit model. 

Having specified a utility function, Uij , each individual is 

assumed to make selections that maximize their utility. Thus, if an 

individual i faces J choices, the probability that the first alternative 

is chosen is 
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(5.34) 

- - - -= (rob [Ui1 + i1 > U i2 + Ei2 and Ui1 +Ei1 > Ui 3 + Ei3 •• Ui 1 + Ei1 > UiJ + ~J] 

= (rob [Ei2 < Ui1 - Ui2 + Ei1 ood Ei3 < Ui1 - Ui3 + Ef1 ••• ij < Ui1 - Uij + Ei1 ] 

Similar expressions hold for all Pij's and the Pij's become well-defined 

probabilities once a joint density function is chosen for the Eij• 

is sometimes more convenient to look at (5.34) in differenced form as 

It 

Pi1 = prob [E: i2 - E:i1 ("iii1 - Ui2 and ••• EiJ - E:i1 > Ui1 - UiJ] (5.35) 

The next section discusses the functional forms and the properties of 

some of the proposed random utility models. 

Functional Forms of The Random Utility Model 

The functional form of a random utility model depends on the 

distribution of the error term vector E:ij(Xij' ai). The following four 

functional forms will be discussed in this section: 

The Conditional Logit Hodel 

This model has been extensi vely considered by McFadden (1973, 

1976), who discusses the discrete choice theory implied by the logit 

specification and develops appropriate estimation and inference 

procedures. The logi t model rests upon a very strong behavioral 

assumption, the independence of irrelevant alternatives. That means, 

its specification is based on the assumption that the error terms, E:ij 

in (5.33) are independently and identically distributed wi th extreme 

value (Weibull) density functions, [see Johnson and Kotz (1970) 

pp. 272], whose cumulative density functions are of the form 

Prob (E: •. < t) = exp [_e- t ], - oo( t (OJ, 
~J 

(5.36) 



106 

McFadden (1973) has shown that a necessary and sufficient condition for 

the random utility model in (5.33) with independent and identically 

distributed errors to yield the conditional logit model is that the 

errors have extreme value (Weibull) distributions. A model in which the 

error terms, E:ij , are all equal to zero is termed the "rational" model 

by Manheim (1979). According to Manheim, such a model can be useful in 

instances where the variability of E:ij is small compared to the 

differences in Zij across alternatives. One problem with the rational 

model is that if the specification of Zij in terms of Xij and ai is 

incorrect, the prediction errors may be sizeable. In addition, even if 

the specification is very good, if the attribute ai does not vary much, 

most of the population wi 11 be assigned to the same al ternati ve and a 

small change in the attributes of one of the alternatives could result 

in a major shift in the predicted number of people selecting each one of 

the alternatives. This instability phenomenon has been observed in 

route-choice models. 

If instead of zero error terms, the distribution of 

Eij (Xij , ai) is of the form in (5.36), it is possible to show that 

Equation (5.35) reduces to the "multinomial logit" formula 

the 

eXP(Zij-S> 

J 
L exp(ZijS) 
j=1 

(5.37 ) 

If we have only three alternatives, then the probability that 

first of the three alternatives is chosen is given by 
lJ1 

P1 = e = (5.38) 
U1 U2 U3 U2 - "IT1 "IT3 - "IT1 

e + e + e + e + e 
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where Uj = Zij6 

According to McFadden (1973), Marshack (1960) seems to have been 

the first to write explicitly the relationship between (5.36) and 5.37). 

Equation (5.37) is without question the most widely used disaggrate 

demand model form, especially in the field of transportation; it has 

been applied to different problems (see for example, Dial (1971) for a 

route-choice problem; Lerman and Ben-Akiva (1975) for a autoownership 

model). Some of the most important properties of this model have been 

explored by Domencich and McFadden (1975). A case study is reported in 

Richard and Ben-Akiva (1975). 

The so-called "independence of the irrelevant alternatives 

property" mean that "the relative probability of choice of two 

al ternati yes depends only on their measured attracti veness." In 

general, none of the variables in Zij in (5.37) can be constant over all 

alternatives, since then the associated parameter would be 

nonidentified. Intuitively, if the parameter vector is to remain 

constant across alternatives and individuals, only factors that are 

di fferent for the various al ternati ves help explain why one is chosen 

and the other is not. To illustrate, one can examine the log odds of 

choosing the second alternatives rather than the first, and which is 

given by 

In [ Pi2(XiJ • ai' ] = 1n [ exp(Zi2S) ] 
Pi1(Xi j' ai) exp(Zi 1 S) 

= (Zi2 - Zi 1>8 (5.39) 
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Certainly, if any elements of Zi2 and Zi 1 are equal, that variable has 

no influence on the odds of an individual's choosing one of the 

alternatives in question rather than the other even if for other pairs 

of alternatives the variable has a significant effect. Thus variables 

like age, sex, and income which are constant across alternatives, 

provide no information about the choice process if the coefficient on 

that variable is to be the same for all alternatives. On the other 

hand, variables like the cost, return, quality, or attractiveness of 

choosing a particular alternative would be likely to vary across 

alternatives and help explain the choice process. Studies illustrating 

the use of such variables have been provided by Boskin (1974) and 

McFadden (1973). 

An important property of Equation (5.37), which, as pointed out 

by McFadden (1973), can be exploited for calibration, is that for 

measured attractiveness linear in parameters [i.e., Uij = ZijSJ, log 

Pij(Xij , ai) is a concave1 function of Xij. 

One problem with logi t choice models is that variables which 

vary by alternative may be difficult to characterize and/or costly to 

measure. A solution to this problem is to assume that the coefficient 

vector is alternative specific and thus indexed by j. That means, one 

assumes that the explanatory variables have differential impacts upon 

1Avriel (1976, p. 194) for instance has shown that a proof that 
1 

log [P i j (X i j , a i ) J = zi j S - log ~ ex p ( zi j S) 
J=1 

is a concave function of Xij can be built around Holder's inequality, 
paralleling the geometric programming proof of the convexity of 
polynomials. 



109 

the odds of choosing one alternative rather than the other.2 The 

effects of such an assumption are that the selection probabilities 

become 

(5.40) 

and the log odds of the kth alternative relative to the first is 

Pik eXP(ZikBk) 
In = In 

Pi1 exp(Zi 161) 

= ZikBk Zi1 S1 

= Zi(8K 81) (5.41) 

where the last line of Equation (5.41) was obtained by recalling that 

Zik and Zi1 are identical due to the assumption that they contain 

variables which are constant across alternatives and thus the 

alternative subscript can be dropped. If some sort of normalization of 

the model is needed as shown in the work of Schmidt and Straus (1975), 

it is convenient to assume that the vector 81 = O. That means, the 

restriction that the sum of the selection probabilities must be one is 

imposed. Schmidt and Strauss (1975) have shown that for this sort of 

model the selection probabilities are given by 

2An alternative solution is to assume the existence dummy 
variables d·, which are one for the jth alternative but otherwise zero. 
Interactio~ variables that are the product of the d ·'s and a variable 
which is constant across alternatives (e.g., income), ~roduces variables 
whose coefficients are alternative-specific. 



and 

Pi1 = ----------------
J

i 
_ 

+ L exp(ZiB j) 
j=1 
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eXP(ZiBj) 
Pij = ----------------

J i _ 
j = 2, 3, ••• J i (5.42) 

+ L exp(Zif3 j) 
j=2 

Despite the attractiveness of the logit model for many applications, 

Daganzo (1979) has pointed out that there are practical situations (such 

as in stochastic models of route choice) where it fails to produce 

reasonable results. According to Daganzo (1979), for such problems it 

is difficult to come up with a priori specifications of ZijS that do 

not behave illogically. However, authors like Sheffi (1978) and 

Domencich and McFadden (1975) have developed ad hoc corrections to the 

logit formula that apply to specific problems which will be discussed in 

the following subsections. 

Closed-Form Random Utility Models With 
Error Terms of Different Variances . 

In the previous section we di scussed models with independent 

identically distributed error terms. 

If the error terms, E(X ij , ai)' in Equation (5.33) are given by 

the following independent exponential distribution with mean zero and 

e 

1 , 

[t - 0i(Xij, ai)] (5.43) 
----------------, if t ~ °i(Xij' ai) 

0i(Xij' ai) 
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For this model, Daganzo (1979) has pointed out that, the perceived 

attracti veness of any alternative cannot exceed an upper bound, 

Wi = Uij(Xij , ai) + °i(Xij , ai)' 

If we denote the alternative with the ith largest upper bound on 

the perceived attractiveness W by (i) and also adopt the convention that 

W(O) = 00 and W(I + 1) = - 00. Then the choice function of this 

"negative exponent distribution" (NED) model is given by 
(Si44 ) 

k Wu) -W(k + 1) J' 
I 0-1 

P(i) <Xtj , ai) L 
1 

= exp 
K=i k 1 

L O(j) 
j=1 

- I:-----
j=1 o(j) 

The MED model could probably be generalized by a model with errors that 

have extreme value (Weibull) distributions. In such a case we have 

(5.45) 
ai)]/oi(Xij' ai)}n), 

if t ~ 0i(Xij' ai) 

if t > 0i(Xijt ai) 

and for the choice function a more complicated expression would be 

obtained instead of Equation (5.43). Beilner and Jacobs (1911) have 

introduced a simple formula for the probability of choice of a Weibull 

model in which all the perceived attractiveness have the same upper 

bound. 

McFadden (1977) has pOinted out that it is possible to develop 

models with interdependent error terms instead of models with different 

variances. According to him, the "generalized extreme value" (CEV) 

model admits positive correlation among error terms but uses error terms 

with the same variance. When two of the error terms are positively 
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correlated and independent of the third one in a three-alternative case o 

McFadden (1977) proposed the following CEV model, 

[ eU1 /(1 p) ] -
(5.46a) 

- p) U2/(1 _ pUi/(1 - p) 
+ e i = 1, 2, 0 < P < 1 

[elf1 / 1 - p) + 
U e 2/(1 - ]1-P 

p) U 
+ e3 

Pi = (5.46b) 
U3 

e i = 3, 0 < p < 1. 

[ eU1 /(1 - p) + e u2/( 1 - p) J 1- p + 
U"3 

e 

In the above choice functions (i.e., of the GEV model), Ui is short for 

Uij (Xij , ai) (i.e., the attractiveness of the ith alternative), and the 

parameter p indicates the extent to which the error terms of 

alternatives and 2 are correlated. Note that if p = 0, then 

Equations (5.46) reduce to the multinomial logit (MNL) model. 

In the NED model in Equation (5.44), Daganzo (1979) has shown 

that an increase in the variance of the error term (e.g. in a problem 

with three or more alternatives with the same measured attractiveness) 

tends to increase the choice probability of the alternative with the 

enlarged variance. However, in the case of the GEV model, the existence 

of positive correlations between two alternatives with the same expected 

perceived attractiveness tends to decrease their chances of being 

chosen. In the next section, we introduce the multinomial probit (MNP) 

model, which generalizes the NED and GEV models by capturing phenomena 

these cannot. 

The Conditional (Multinomial) Probit Model 

The multinomial probit (MNP) model is a random utility model in 

which the error terms have a joint multivariate normal (MVN) 



113 

distribution with zero mean and an arbitrary variance--covariance 

matrix. Thus in an MNP model, the variances of the error terms can be 

different, and the error terms may be correlated. The benefit of this 

distributional assumption is that the counter intuitive results produced 

by the assumption of independence of irrelevant alternatives can be 

avoided but at a cost in computational burden. In addition, the normal 

distribution provides a good approximation to many multivariate 

distributions, and has the advantage that the difference between any two 

normal random variables is itself normal; i.e., II ij = Ei - Ej is also 

distributed normally. That means, Eij in the random utility model in 

Equation (~33) is multivariate normal with covariance matrix given by 

(i.e., in a three-alternative case), 

0 2 
11 (5.47) 1., 

L = o~ 12 o~ 22 1. 1., 1., 

o~ 
13 o~ 23 o~ 

33 1., 1., 1., 

The advantage of the probit model is that it is not necessary to assume 

that these errors are independent. Unfortunately, the choice function 

of a MMP model cannot be easily written in a closed form. However, in 

the case of a three-alternative problem, Hausman and Wise (1978) have 

shown that the probability of selecting the first alternative is given 

by 

P1(Xij, ail = Prob (E2 - E:1 < U12 and E:3 - E1 < Un) 

(5.48) 
U12/ 101 +o~ - 2°12 J Un/ICif +o~ - 2°13 

J 
_ 00 

b1 (n21' 113 1; r 1 ) dn 21 dn31 
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where b, is a standard bivariate normal distribution with correlation 

coefficient 

[lij = 
~ + ~ - 2°,2 

ol - °'3 - °'2 + ° 23 

and 

for n2' = E2 - E, and n3' = E3 - E,. 

(5.48a) 

(5.48b) 

is the 
covariance 
matrix 

As pointed out earlier, Hausman and Wise ('978) claim that it 

may not be reasonable to assume that the deviations or errors are 

un correlated across alternatives in the choice set for a given decision 

maker. Indeed, they argue that it is reasonable to assume that for any 

individual the degree of correlation between any two errors 

corresponding to any two alternatives might be expected to depend on how 

similar they were perceived to be by the individual or how "close" the 

corresponding alternatives are in measured characteristics. To present 

a simple argument for this dependency, Hausman and Wise ('978) used a 

general random utility formulation of the model that allows the 

correlation between deviations to depend on unobserved characteristics 

of al ternati ves as well. For convenience of exposition, it is assumed 

that there are only two measured attributes X, and X2. In this case, 

th . th .th d .. k l'S gl'ven by the value of the j alternatlve to e 1 eClslon ma er 

U(Xij ) = S, X1ij + B2 X2ij + S,X1ij + S2X2ij + Wij 

= (6, + B, )X 1ij + (f?2 + S2) X2ij + Wij 

(4.49) 

In this specification U(Xij , ai) = r;X 1ij + S2X2ij and Ei/Xij , ai) = 

f3.,X 1ij + S2X2ij + Wij' and B" ~ and ware assumed to be uncorrelated 
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random terms. In this random coefficient model, the taste parameters Sl 

and B2 represent the individual's decision from representative 

preferences (i.e., unobserved attributes of indi viduals)--wi th means S 1 

and S2' respectively. The term "wij" may be considered to represent 

"purely" random components of utili ty--i.e., unobserved characteristics 

of alternatives, or purely random behavior on the part of individuals, 

for example. The variance of the error term corresponding to the jth 

alternative faced by the ith individual is given by 

where 

(5.50 ) 

a 2 represents the variance in tastes across individuals 
Sl 

d Wl'th the relative to the measured characteristic, Xl' an so on. 

assumption that the taste parameters Sl and (32 are uncorrelated, the 

covariance between error terms corresponding to two alternatives, j and 

k, faced by the ith individual is given by 

(5.51) 

If ~ and (32 have equal variances, the covariance in (5.51) becomes 

(5.52) 

In general the covariance matrix L is of the form 

(5.53) 

I 

: 2 
I "'0 Xkl'l Xkl." 3 Lk 13k 
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where the summation is over all measured characteristics. It is 

essential to note that the Wij are assumed to be independent across 

alternatives faced by a given individual, as well as across individuals. 

If tastes do not vary among individuals--that is, if O~ = 0, ~k--and it 

2 is assumed that 0wij = 1, ¥j' then 

and 

r 1 
I 

L: 
I 

= I 0 i I 
I 
I 

Lo 

in (5.48c) is given by ij 

= I 
L 1 

-. 
I 
I 
I 

I 
I , 
I 
I 

o 1 J 

I , ~J. 
2 J 

(5.54) 

(5.55) 

This is the independence case. According to Hausman and Wise (1978) 

probit estimation leads to inconsistent parameter estimates if 

dependence is incorrectly assumed, whilst logit estimation results in 

inconsistency if correlation is present. They also pointed out that one 

can obtain some idea about the relative importance of the following two 

factors--differences in tastes across individuals and unobserved 

characteristics of the alternative--by comparing the estimates of the 

normalized a2k (i.e., variance of ,\) with normalized value of O~ fixed 

at 1. 

In their paper, Hausman and Wise (1978) have experimented with 

two parametrizations of the covariance matrix in equation (5.47). The 

first, which constrains all off-diagonal elements to be zero, is called 

the "independent probit" case. The second which assumes that off 

diagonal elements are given by equation (5.50), is referred to as 

"covariance probit". These two parameterizations of the covariance 
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matrix are all generalizations of the "probit" model used often in 

economic analysis. According to Hausman and Wise, only the independent 

probi t model has been used in the binary choice case where its 

properties are rather similar to the more commonly used logit model 

because the distribution functions on which the models are based are 

similar except in the extreme tails. However, they pointed out that, 

with three or more alternatives the behavior of the logit and covariance 

probi t models di ffer si nce the logi t model is based on binary 

comparisons while the covariance probit model is based on an n-way 

comparison with interdependent stochastic terms. In particular, 

predicted effects of the introduction of a new alternative are likely to 

differ substantially between the two models. 

The Elimination-By-Aspects Hodel: 

According to Taylor (1979) and Manski (1915), if all pairs of 

alternatives have the same pattern of dependence or if the utility 

deviations, Eij , in Equation (5.33), are independently and identically 

distributed, the covariance matrix, Li' in Equation (5.53) and other 

parameters, ai' do not depend on the choice set. In these cases, the 

model is said to satisfy the property of simple scalability. 

A major problem with models that satisfy simple scalability, as 

pointed out by Taylor (1979), is that they yield implausible conclusions 

in situations where there are strong contrasts in "similarity" among the 

alternatives. Simple scalability, according to Taylor (1979), has the 

property that the probability of selecting one alternative over another 

is independent of the si ze and composi tion of the offered choice set, 
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which is to say that the probability of selecting Z1 over Z2 whenever Z1 

and Z2 are in an offered choice set is independent of the other 

alternatives that are in the choice set. The logit as well as the 

independent probit are both special cases of this more general model. 

The "red-bus blue bus" example of McFadden provides a good 

illustration of the problems with models satisfying simple scalability. 

He also used this example to highlight the primary limitation of this 

class of models, in particular the logit model. Suppose an individual 

is faced with two initial alternatives. Then, an additional 

alternative, identical in all respects to the second one except its 

color, becomes available. From Equation (5.38) i.e. 

it can be seen that the logi t specification will "correctly" forecast 

equal choice probabilities for the second and third. That means, if the 

initial probabilities of choosing the first and second alternatives were 

2/3 and 1/3 respectively, the new probability of choosing the first 

alternative will be 1/2, and each of the two other identical 

alternatives would be chosen with probability 1/4. Hausman and Wise 

(1978) have demonstrated that the "independent probit" specification of 

Equation 5.54 has a similar property, while the covariance probit" 

specifically, offers a solution to the problem. Thus, they have 

concluded that the "independent probit" specification would not be 

appropriate in such situations. However, the "covariance probit" model 

will yield results consistent with one's intuition as long as the 
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variance of the purely random component, 0 a, of the errol" term is small 

relative to the taste variation parameters, 0 2• 

One approach that has been used, according to Taylor (1979), in 

developing models that avoid the problems caused by simple scalability 

is to formulate models in terms of selection probabilities which take 

account of the similarities of alternatives. For instance, the 

"eli mi nation-by-aspects" model of Tversky (1972a, 1972b) which views 

choice as a covent sequential elimination process. In using the 

elimination-by-aspects (EBA) model, it is assumed that each alternative 

is described by a set of aspects (or characteristics), and that each 

stage of the process, an aspect is selected (from the ones included in 

the available alternatives) with a probability that is proportional to 

its weight. The selection of an aspect eliminates all of the 

alternatives that do not contain the selected aspect, and the selection 

continues until a single alternative remains. Consequently, aspects 

that are common to all the alternatives under consideration do not 

affect choice probabilities. Taylor (1979) has indicated that the 

decision process in the EBA model is closely related to a 

lexicographical model in which an ordering of relevant attributes is 

specified a priori. With the lexicographical model, one chooses the 

alternative that is best with regard to the first attribute, then moves 

on to the second attribute and selects the alternative which is best 

with regard to that attribute, and so on. However, the EBA model 

differs from the lexicographical model in that there is no fixed prior 

ordering of aspects 1 (or attributes); the choice process is inherently 
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probabilist.ic. A formal discussion and illustration of the EBA model 

can be obtained from Tversky (1972a). 

According to Taylor (1979), the strength of the EBA model vis-a-

~ models displaying simple scalability is that it yields sensible 

select.ion probabili t.ies in situations in which there are marked 

contrasts in similarity among alternatives. He also pointed out that., 

the model's usefulness in empirical applications (especially in 

economics) is severely limited because of the large number of parameters 

that it cont.ains, namely, 2n_2, where n is the number of aspect.s. 

Recognizing that this richness of parameters is a problem, Tversky and 

Sattath (1979) have recently specialized the EBA model to the situation 

where the choice alternatives are represented as a tree-like graph. 

According t.o Taylor (1979) when aspect.s have a tree st.ructure, the 

eliminat.ion-by-aspect model reduces to "elimination-by-tree" or EBT for 

short. In this case, he pointed out the subject selects a link from t.he 

t.ree and then eliminates all of the alternat.ives that do not include the 

selected link. The same process is then applied t.o the selected branch, 

until only one alternative remains.3 

Tversky and Sattah (1979) observe that. the representat.ion of 

choice alternatives as a t.ree suggests an alternative decision model in 

which the tree is viewed as a hierarchy of choice points. In this 

model, which is called the "hierarchial elimination model" (or HEM), one 

3The aspects can be values along fixed quant.itative or 
qualitative dimensions (price, quality, reception, distance, waiting 
time, etc.) or t.hey can be arbit.rary feat.ures of the alt.ernatives that. 
do not fit into any simple dimensional st.ructure. 
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starts at the top of the tree and selects first among the major 

branches, or the links that are attached directly to the root. One then 

moves on to the next choice point at the bottom of the selected link, 

and. the process is repeated until the chosen branch contains a single 

alternative. Tversky and Sattah point out that the EBT is applicable to 

decisions such as the selection of a health care facility, where there 

is no fixed sequence of choice points, while HEM is appropriate for 

decisions that induce a natural hierarchy of choice points. e.g., the 

class of telephone service. According to them, the EST and HEM models 

represent di fferent conceptions of the choice process that assu mes a 

tree structure, where the difference in form reflects a difference in 

processing strategy. The EBT model assumes free access; i.e., that each 

aspect can be selected as a basis for elimination at any stage of the 

process. The HEM model, in contrast, assumes sequential access, which 

is to say that aspects are considered in a fixed hierarchial fashion. 

The remarkable thing, as shown by Tversky and Sattah, is that the two 

models yield identical selection probabilities, and therefore, are 

equi valent. Efficient esti mation of the parameters of these random 

utility models are discussed in the next section. 

Calibration of Discrete Choice Models 

According to Daganzo (1979) several statistical techniques can 

be used to calibrate the parameter vector of a random utility model, 

Uij = Zij B + Eij' in Equation (5.33). The most widely used ones are 

discriminant analysis, data grouping, and maximum likelihood. He 

pointed out that, all these techniques are applicable to disaggregate 
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data sets, i.e., data sets in which each observation consists of an 

observed choice and an attribute vector for an individual from the 

population. In this section, focus will be on three methods of 

statistical analysis: Discriminant analysis, grouping of data, and 

maximum likelihood method. 

Discriminant Analysis 

This technique of analysis, as discussed in Anderson (1958), 

leads to the generation of a set of functions of the attributes, ai' 

which are used to classify the population into groups of individuals 

that are likely to select the same alternative. Such functions are 

called IIdiscriminant functions", they may be linear or quadratic 

(depending on the assumptions of the model) and are defined for each 

pair of alternatives, Djk(ai). According to Daganzo (1979), alternative 

j is predicted for all persons with attribute vector ai if 

(5.56) 

where P j and Pk are the fractions of the population selecting 

alternatives j and k. 

Since discriminant analysis associates a unique alternative with 

each attribute combination, Daganzo (1979) has concluded that this 

analysis may be related to the rational model. For an illustration of 

this relationship, one can refer to Daganzo (1979 p. 20). Consequently, 

Daganzo pointed out that discriminant analysis can be used as a way of 

calibrating the rational model whose objective is to minimize the 

probabili ty of misprediction for a randomly selected indi vidual. 

Discriminant analysis was one of the first techniques to be applied to a 
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binary choice model in transportation (Beesley, 1965; Quarmby, 1967). 

However, its use, according to Daganzo, should be limited to the 

rational model of consumer choice, since for other models there is not a 

clear and convenient relationship between the discriminant functions and 

the choice function. 

The nature of modes or route-choice problem led to the use of 

discriminant analysis in the field of transport analysis. Beesley 

(1965) used a discriminant analysis to find the attribute (value of 

time) which best explained observed model choice (between private car 

and public transport) of a sample of employees in London. Quarmby 

(1967) also formulated a (linear) model for determining the choice of 

travel mode for trips to work and used discriminant analysis to 

calibrate the model. According to Domencich and McFadden (1975), 

Quarmby's discussion of the mathematics of the discriminant function 

approach can serve as a useful reference for a researcher seeking to 

increase his knowledge of the technique. The discussion is as follows: 

The Discriminant Function:4 Suppose the population from which 

the sample is drawn is made up of N groups; i.e, facing N alternatives. 

Two assumptions about these groups (subpopulations) are as usual: (1) 

Distributions of the attributes (variables for which measurements are 

obtained) are multivariate normal. (2) Variance-covariance matrices of 

the variables are the same for all groups. In discriminant analysis, 

the purpose is to obtain a difference between the way a set of 

4The discussion here follows that of Watson (1974). 



124 

predictors could be used to differentiate between the N groups. One 

could restate this problem by asking if there is some value of variable 

V such that for one group V takes on different values other than for the 

other group. That means, one wants to find V, where 

V = Vij = a1 X1ij + a2 X2ij + ••• + ak Xkij 

k 
= E apXpij 

p=1 

(5.51) 

where ap's are parameters (weighting coefficients), Xpij is the value of 

the variable for the pth factor of the ith individual for the jth 

alternative (i.e., i = 1, 2, • I; an d j = 1, 2, 3, 4, •• N) 

Discriminant analysis aims to find the values of a p that best 

discriminate between the N groups. The function that "best" achieves 

this end is one that provides the greatest separation among the N groups 

(e.g., the greatest distance between their means) relative to the 

variance within each group. Thus, the criterion is to select aO' a1' 

••• a 1, such that (if V, and '12 are means for groups 1 and 2) 

D = (V, - V2) is a maximum, (5.58) 

or between-group vari ance is maxi mized relative to wi thin-group 

variance. That is, it is necessary to maximize a function, G; where 

Between-population variance 
Within-population variance 

(5.59) 

where Cpq is the common variance-covariance matrix. Differentiating 

with respect to ap and setting ~~p = 0 gives: 
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A = (XX)-1 (5.60) 

where a1 d1-

A = a2 and D = d2 and dp = Xp1 - Xp2 

Alternatively, the discriminant function can be translated into a 

probability statement as follows: 

Probabilistic Extension. According to Watson (1974), the 

discriminant score, V, can be translated into a probability statement, 

since in mode-choice work the aim is not so much to classify individuals 

but more to predict the probability of a given individual's action. 

Watson has shown that the probability of an observation with a score of 

V* being classified from group 2 is given by 

Prob (2IV*) = 
F2 (V*) 

----~*~------~*~ = --------~*.-----~-
F1(V ) + F2(V ) 1 + F1(V )/F2 (V*) 

(5.61) 

* where F 1(V ) and F2(V*) represent frequency distributions of the V-

scores in groups 1 and 2. That is, 

F1(V) = 1 e-1/ 2 [Vo+ dJ 
.; 2 n0 2-

F2(V) = e -1/2 [V-ad] 
12n? 

P(2Iv) = 1 

= 

[-~«V - dl - (V + d/)/ol 1 + e 

_.--,;1~_ for 0 2 = 2d, 
-v' - e 

(5.62) 

(5.63) 

(5.64) 

(5.65) 
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This formulation is similar to the logistic function. However, in this 

formulation is is assumed that nothing is known about the relative 

densi ties of the two populations, with the result that V = 0 leads to 

P(21v = 0) = 0.5. But the sample itself provides information on the 

relative proportion of population 1 and population 2 in the sample 

population. Our next discussion is on the second method of calibrating 

the parameters of a random utility model. 

Grouping of Data 

Another possible calibration method that has been applied to 

binary models, as indicated in Daganzo (1979), consists of dividing the 

data into groups with attribute vector ai' and recording the observed 

fraction of choice makers in each group who select each alternative. 

Letting Pi denote the observed fraction of choice makers 

selecting alternative 1 in class i, it is possible to convert these 

fractions into equivalent "probi ts" or "logits" by the transformations 

F1(Pi) and In [P i /(1 - Pi)] as indicated in Equations (5.19) and (5.25). 

One can then use generalized least squares (GLS) on Equations (5.19) and 

(5.25) to estimate 13. This technique was introduced by Berkson (1953) 

and is discussed by Finney (1971) and Domencich and McFadden (1975). 

The problem with this technique, according to Daganzo (1979), is that 

the data must be grouped in such a way as to preclude Pi from being 

equal to 1 or 0, and such tampering with the grouping will tend to bias 

the results. Daganzo also indicated that grouping has further 

disadvantages of giving away much of the information inherent in 
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disaggregated data and becomming infeasible with more than two or three 

attributes (because of the large number of groups needed). 

The method due to Berkson (1953) is applicable when there are 

repeated observations for each value of the vector of explanatory 

variables. Following the discussion in Berkson (1953), let Hi denote 

the number of observations for individual i, and let ri denote the 

number of times alternative 1 is chosen. Then ri is binomially 

distributed, with E (.!'j.) = p 11° • 
Ri 

According to Berkson (1955), Gart 

(1967) and Gilbert (1968) have shown that the application of least 

squares method to the model 

where 

ri + 1/2 J= 
- ri + 1/2 

(5.66) 

will yield good estimates of the parameters provided that a sufficient 

number of repetitions at each i value can be obtained. However, 

application of the method to survey data involves two serious 

difficulties. First, the number of cells necessary to describe the 

possible configurations of explanatory variables tends to increase with 

the power of the number of variables. For example, a model with K 

dependent binary variables requires 2K cells. The second difficulty is 

that many explanatory variables are continuous, making a dichotomization 

necessary in order to define cells. Hence the Berkson regression, using 

cell means as values of the explanatory series, introduces an errors-in-

variables effect which in general causes the magnitude of the estimates 

to be biased downward. However, despite its statistical advantages, 

this procedure is considerably less useful in analyzing survey data 
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because of the difficulty of defining cells for a large number of 

continuous explanatory variables. 

Maximum Likelihood Estimation: 

The maximum-likelihood approach seems to be the most efficient 

way of calibrating random utility models (except the rational model). 

This method does not require repetitions, and it can be adapted to a 

variety of estimation problems. Its primary disadvantage is that it 

involves much more costly computation than the preceding methods because 

the estimates must be obtained by numerical methods. Its primary 

advantage is that the estimates are consistent, and are the best 

possible estimates in very large samples. According to McFadden (1973), 

limited Monte Carlo studies and analytic solutions suggest that the MLEs 

are satisfactory in small samples, though not as desirable as the 

Berkson estimator when the latter procedure is feasible. 

The maximum-likelihood method consists of selecting the value of 

" par ameter vector S that makes the data look most reasonable. Given a 

random sample of individuals who act independently, the appropriate log-

likelihood function is given by 

where 

Yij = 

I J. 
L=K+L L1 YijlogPij 

i=1 j=1 

I J. 
K=L (lnnil-L1 InYij!)' 

i=1 j=1 

if person i chooses alternative j, and Yij = 0 otherwise. 

(5.67 ) 

Both the probi t and logi t likelihood functions have this same 

general form, but have different specifications of the probabilities 
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Pij• Discussion of the estimation of the logit model follows McFadden 

(1913) and that of the probit model follows Hausman and Wise (1918). 

HLE of the Conditional Logit Model 

The log-likelihood function in this case is given by 

I J i [ J. 
{S'(Zki - Zijl} ] L = K - l: l: Yij log L1 exp 

i=1 j=1 k=1 
(5.68) 

A maximum likelihood estimation is obtained at any point where aLias = 

0, since a2L~sas' is negative semidefinite implying that L is concave 

in S. If a 2Lldsas' is nonsingular then L has a unique maximum in S, 

provided that one exists. McFadden (1973) has shown that this function 

is concave in the parameter vector ,implying that there is a unique 

maximum likelihood estimator whenever a maximum exists. The derivatives 

of the log likelihood function are readily computed, with 

and 

where 

and 
exp(S'Zij) 

Pij = ------
Ji 
L: exp(G'zik) 
k=1 

(5.69 ) 

(5.10) 

(5.71 ) 

(5.72) 
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Provided the explanatory variables Zij are not multicollinear, they will 

normally satisfy a full-rank, or non-degenerancy, condition which 

guarantees that the Hessian matrix in Equation (5.70) is negative 

defini teo Then L is strictly concave and any vector § satisfying 

aL/aB = a is a unique maximizer for the likelihood function estimator. 

McFadden (1973) has given conditions for the existence of the maximum 

likelihood estimator; he has also given a finite algorithm to test for 

existence and a demonstration that existence is virtually certain in 

samples of reasonable size. The maximization of L, which is equivalent 

to the solution of the system of equations 

(5.73) 

can be carried out by using any nonlinear optimization procedure that 

converges, such as the Newton-Raphson method, the Quadratic hill

climbing method, or the Davidon-Fletcher-Powell method.5 A detailed 

discussion of these iterative procedures can be obtained from Judge, 

G. G., W. E. Griffiths, R. C. Hill, T. C. Lee (1980, Chapter 17). The 

procedure used in this study is that of Newton Raphson. MacFadden 

(1975) has shown that a typical Newton-Raphson iteration, starting from 

a candidate parameter vector and associated probabilities Pij from 

Equation (5.72), has the for m 

SA general purpose statistical program for analysis of 
qualitative data, QUAIL (for quantitative, intermittent, and limited 
dependent variable statistical analysis program), written by Mills, 
Glanville, and McFadden of the University of California, Berkeley, is 
available for this analysis. The program also allows transgeneration 
and storage of data, and selection of variables, alternatives and cases. 
McFadden (1976, p. 375) has listed five computer routines that are 
currently available for either CDC or IBM computers.) 



s = s + 

where 8 can be interpreted as the OL5 estimator in the linear model 

(5.75 ) 

For a fixed initial S, such as B = 0, equation (5.75) can be 

interpreted as a linear probability model. The estimates obtained from 

ego (5.75) by a single Newton-Raphson iteration are not consistent. 

However, the MLE of 8 is consistent and asymptotically normal with 

covariance matrix 
I 

cjJ=(L ni)-1 n -1 (5.76) 
i=1 

where 

(5.77) 

and 

Usual significance tests on B can then be carried out using the diagonal 
I 

elements of 0:: ni )-1 n -1 (ignoring the limits) as the estimates of the 
i=l 

variance of the estimators and forming t-ratios, which are 

asymptomically distributed N(O, 1) under the null hypothesis that the 

associated coefficients are zero. 

A measure of the "goodness" of the predictions of the model may 

be judged either in terms of the fit between calculated probabilities 

and observed response frequencies, or in terms of the abili ty of the 

model to forecast observed responses. Measures of the first type are 

based on the observed frequencies f ij and corresponding probabilities ~j 
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calculated from the estimated model, McFadden (1975) has shown that a 

satisfactory measure of goodness of fit can be obtained from the log-

likelihood function, 

L( (3) 
I J. 

= L: t f· . log Pij 
i=1 j=1 lJ 

(5.78) 

A term f ij log Pij is near zero if alternative j is chosen and the 

calculated probability Pij of this outcome is near one, and is large 

negative if the probability of this outcome is near zero. One can 

transform the log likelihood function into an index analogous to the 

multiple correlation coefficient by defining 

" 
p 2 = 1 _ L( (3) (5.79) 

LCS) 
A 

where 13 is the MLE and (3 is zero or is zero except for coefficients of 
A 

al ternati ve dummies. This measure is zero when L(G) = L(S) and r::2 = 1 

when the model is a perfect predictor. In terms of consistency and 

statistical properties, the p2 index appears to provide a practical and 

theoretically sound index of goodness of fit. 

The second type of measure of fit is based on the accuracy of 

the model in forecasting observed responses. According to McFadden 

(1975), the iog likelihood function 6 in (5.78) has a convenient 

statistical distribution in large samples, and can be given an intuitive 

interpretation using information theory as discussed in Theil (1967, 

6 
It is essential to note that the log-likelihood function of the 

multinomial logit model (MNL), log L(S), is a concave function. This 
property facilitates the search for G and is used in existing MNL 
calibration codes such as the or Berkman et al., (1977) have used. 
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1970, Hauser (1977), and Judge, G. G., Griffiths, Hill, and Lee (1980 

p. 602). Hauser (1977) has also shown that a measure of the "empirical 

information" provided by the modal can be compared to the total 

uncertainty in the syste~. According to him, the pseudo-R 2 or p2 in 

Equation (5.79) may be interpreted as the percent of uncertainty 

explained by the empirical results. 

MLE of the Conditional Probit Hodel 

Daganzo (1979) has pointed out that in writing the likelihood 

function of a MNP problem, one needs to know the procedure that was 

followed to gather the data since the likelihood function is the 

probability density of the data. He identified likelihood functions for 

three different data-gathering procedures: attribute-based sampling, 

choice-based sampling, and random sampling with alternative ranking. In 

the first case the sampling process is carried out without knowing the 

choice of the sampled individuals beforehand, but in the second case the 

choice is known before hand. In the third case the observations are 

sampled independently of their choices, and the data corresponding to an 

observation consist of a vector of attributes and a ranking of the 

alternatives by order of attractiveness. For a detailed discussion of 

these likelihood functions see Daganzo (1979 p. 36). Following Hausman 

and Wise (1978), the likelihood function for attribute-based sampling 

process can be written as 

(5.80) 
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where Yij = 1 if person i chooses alternative j, and Yij = 0 otherwise; 

and Pij is the relevant probability for the probit model. That is, 

Pij(Xij , ai) (5.81) 

where for an 

= ZloJoS and covariance matrix [(Xoo, a o). 
E lJ 1 

Daganzo has also shown that 

= prob [V, L] 
i E 

(5.82) 

. where 

Prob [V, [E] = prob {Ui > max(UjIE(Uj) : = V, cov(U) = IE} (5.83) 
i j~1. 

denotes the probability that the ith component of MVN variate with mean 

V and covariance matrix [ is the largest. For the binary example, 
E 

mentioned earlier, the MNP function Prob (V, IJ reduces to a cumulative 

normal distribution function. In the case of three alternatives, the 

relevant probabilities for the probit model are given by equations 

corresponding to (5.48). For the multinomial probi t model, Equation 

(5.83) can be expressed as 
(5.84) 

Frob (V, [) 

= IUEU(i)<P (uIV,L:) dU 

Uo = + co 

=1 1 1 1 [(2IOI lL
E
r1!2 • exp [-1!2(U-V~;1(U_V) ']dU1 ••• dUI' 

U1 < Ui U2 < Ui Ui = - 00 UI < Ui 

where <P( Iv,D represents the probability density function of MVN random 

variable (U) with mean V and covariance matrix I; and U(i) represents 

the set of values of U for which Ui > maxj~i (Uj). Three different 

approaches have been proposed in the literature to calculate prob 

(v, D. These are (1) numerical integration [Hausman and vlise (1978), 

Andrews and Langdon (1976); (2) Monte Carlo simulation [Lerman and 
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Manski (1977)]; and (3) numerical approximation [Daganzo et al., (1977), 

and Bouthelier (1978)]. Each one of these methods has advantages and 

disadvantages, which are reviewed in Daganzo (1979 p. 42). 

The first approach is particularly useful for problems with three 

alternatives since the probability of choice must be estimated several 

thousand times. However, the simulation approach, according to Daganzo, 

seems unsuitable for calibration purposes because it would be very 

costly; but it is very useful for prediction purposes. The approximation 

method is computationally attractive even for problems with more than 

three alternatives. 

Evaluation of the likelihood function in (5.80) involves 

calculation of a choice probability, Pi(V,L€), for each one of the 

observations in the data set, which must, of course, be done with one of 

the evaluation methods above. The related discussion regarding the 

calculation of a choice probability of attribute-based samples can be 

seen in Daganzo (1979 p. 58). A Fortran computer program has been 

developed by Daganzo et al., (1977) and Daganzo and Schoenfeld (1978) to 

evaluate the log-likelihood function, log L(S), using a systematic search 

technique (discussed in Daganzo (1979, p. 60) by moving to different 

points S until a value ~ that maximizes the likelihood is found. Once a 

log-likelihood evaluation method has been adopted, it is possible to find 

the maximum of log L(S) using standard optimization procedures such as 

the Newton-Raphson "steepest-ascent" and "variable-metric" methods. In 

addition, one can use search methods that have been specifically 

developed for maximum-likelihood problems [such as the one used by 
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Hausman and Wise (1978)]. To obtain likelihood values Hausman and Wise 

used a modification of an algorithm first introduced by Owen (1956). The 

method used by them to maximize the likelihood function is that proposed 

by Berndt, Hall, Hall, and Hausman (1974). In most studies, the 

recommended search procedure is the Newton-Raphson method, since it 

requires a minimum number of log-likelihood evaluations. The 

approximation method (Daganzo et al., (1979» can be economically applied 

to general problems with more than three alternatives and several hundred 

data points. A variable-metric or similar algorithm that does not 

require Hessian calculations seems most appropriate according to Daganzo. 

There are a few computer programs for estimation of MNP models. 

CHOMP is a research-oriented computer program developed by Daganzo and 

his associates that uses the approximation method and a variable metric 

algorithm. The output of CHOMP includes the MLE, 8 and an estimate of 

its covariance matrix. The user's manual and listing of CHOMP are given 

by Daganzo and Schoenfeld (1978). If a global maximum of the log 

likelihood function is assumed, then under the regularity conditions 

defined in Daganzo (1979, p. 99), the maximum-likelihood estimator of a 

MNP model is consistent, asymptotically MVN distributed and 

asymptotically efficient. [See Cox and Hinckley (1974)]. 

Given the covariance matrix of the estimates, it is possible to 

derive confidence regions and also to obtain large sample terms of 

coefficient values in the usual way. The diagonal elements of the 

inverse of the covariance matrix of the gradient of the likelihood 

function provide consistent estimates of the variances of the unknown 

parameters [see Bernt, Hall, Hall, and Hausman (1974)]. Tests on model 
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specification can also be constructed. Hypotheses about the B's may be 

tested by the likelihood ratio method. One interesting test of the model 

specification might be that B = O. The appropriate test statistic is 

Therefore, the null hypothesis can be rejected at level if 

,.. 
where Br is the value of B that maximizes the log-likelihood function 

subject to the restriction that the components of BO that correspond to 

the parameters that are being tested be set equal to the tested values, 

and r is the number of parameters tested. 
,.. 

Since the calculation of Br is rather expensive in a MNP model 

(it requires a second calibration) Daganzo (1970 p. 113-115) has 

recommended an alternative procedure for testing hypothesis. That is, a 

null hypothesis can be rejected at the a significance level if 

(St> - BOt>)[t>' EBlI]-1 (St> - BOt»' ~ Xl_a, r 

where 

(5.87 ) 

t>is an arbitrary matrix of constants with as many rows as 

parameters and the linear combination SlI is approximately distributed as 

follows: 
,.. 
Bt> - MVN(BOll, t>'EBt» (5.88 ) 

<BOll is a known vector of dimension r). 

It is essential to note that for a model satisfying the regularity 
,.. 

conditions, (3 is approximately MVN distributed with mean B 0 and 

covariance matrix Leo 
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As in regression analyses, tests of whether the coefficient of a 

certain attribute is significntly different from zero can be used to help 

decide whether the attribute should be included in the model on the basis 

of statistical fit. Measures that can be used to ascertain the overall 

goodness of fit of MNP models have been reviewed by Daganzo (1979 p. 

115). According to him, a logical candidate for an indicator of goodness 

of fit is the log-likelihood function itself, Log L(S). This indicator 

is always negative and approaches zero with a perfect fit. However, 

Daganzo has pointed out that a model that has been calibrated with much 

data will usually exhibit larger log-likelihood values, which makes it 

difficult to compare models calibrated with different data sets. In view 

" of this difficulty, some normalization of Log L(B) has been proposed by 

Daganzo (1979 p. 119) and Tardif (1976) (for the binary case). 

To normalize log L(S), one has to calCUlate the highest log-

likelihood that could be obtained from a model excluding all explanatory 

variables, and compare that with the log-likelihood of the original 

model. The difference iwll be the improvement in log-likelihood due to 

the explanatory attributes. The maximum possible value of the log-

likelihood function, obtained by Daganzo, if no explanatory variables are 

included (called the background log-likelihood) is: 

Log L (5.89) 

where Mi is observations in the sample, M, choosing alternative i. The 

normalization is given by 

" " 
p 2 = log L(B) + log L 

log L = 
log L(B) 

log L 
+ 1 (5.90) 
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which represents the fraction of background log likelihood that is 

explained by the model, is independent of sample size. It ranges from 

zero (or negative for a model without constraints in the specification of 

measured attractiveness) to one. 

Some authors have proposed to use different measures of goodness 

of fit Stopher (1975) proposed the use of a "correlation ratio" and Burns 

et al., (1976) the use of a "correlation coefficient." These measures, 

according to Daganzo, require that data are grouped before computation, 

and therefore may be difficult to apply in cases where there are several 

attributes and more than two alternatives. Another measure of goodness 

of fit proposed by Daganzo (1979 p. 120) also ranges from zero to one but 

has a more intuitive physical interpretation. The expression 

N 
= exp t]-log L(S)} = [1T 

i=1 
p. (X .. , a.)] 1 IN 

1 1J 1 
(5.91) 

can be interpreted as the average choice probability in the sample and 

thus ranges from zero to one. Analogously 

p = exp{N-1 log L} (5.92) 

can be interpreted as the average choice probability of the chosen 

alternative without any explanatory variables. However, 1 - p, is the 

average background probability of rejected alternatives, representing the 

overall amount of uncertainty in the data, and 

2 
Pp = [P(ai) - p]/1 - P (5.93) 

can be interpreted as the reduction in such uncertainty resulting from 

the new model. 



CHAPTER 6 

SOURCES OF DATA AND MEASURES OF VARIABLES 

Sources of Data 

The data used in this investigation were drawn from the UCLA 

Danfa data files which comprise some 12 to 15 million items of 

information obtained by the Danfa Comprehensive Rural Health and Family 

Planning Project staff in Ghana for over nearly ten years of field 

activity in health services delivery, demography, epidemiology, health 

education, and economics. 

The Danfa Comprehensive Rural Health and Family Planning Project 

was a service, research, and training project designed to help find 

solutions to health problems and to demonstrate feasible methods of 

delivering effective health and family planning services in rural Ghana. 

It was a joint project of the UCLA School of Public Health and the 

University of Ghana Medical School in cooperation with the United states 

Agency for International Development and the Ministry of Health in 

Ghana. The name "Dan fa" was adopted because of the location of the 

project adjacent to the village of Danfa in the Greater-Accra Region of 

Ghana. 

While definitely a rural area, the region around Danfa is not 

nearly as isolated as most villages of Ghana are from the urban 

influence. Accra, the capital of Ghana and unquestionably its most 

influential population center, is only about 25 miles to the south, 

about an hour's ride by public transport. 

140 
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An important objective of the Danfa Comprehensive Rural Health 

and Family Planning Program was to change the knowledge, attitudes, and 

practices (KAP) of the rural population served. One of the methods used 

to measure this change was a series of longitudinal KAP surveys of a 

sample of the population in each of the four research areas. Using six 

different KAP surveys, the Danfa Project was able to monitor, over a 

five-year period, changes in morbidity patterns in the local population 

and changes in the knowledge, attitudes, and practices concerning 

maternal and child health. 

The sampling frame for these six surveys was designed to use the 

individual respondent as the sampling unit. The technique was 

essentially one of randomized cluster sampling on households. 

Samples were stratified by village size (in terms of number of 

households) and household size. For stratification, village size was 

classified in terms of "large" and "small" on the basis of the number of 

households they contained. Since, about 80 percent of the villages had 

fewer than 60 households, the Danfa Project Staff adopted 60 as the line 

of demarcation; thus, villages containing 59 or fewer households line 

considered "small," those containing 60 or more, "large." Data were 

initially generated in the field as responses to interview instruments. 

To reduce the inaccuracy which may characterize these KAP 

surveys, the Ghanaian interviewers were trained to be pleasant with the 

village respondents, to avoid an overbearing attitude, and to avoid 

leading the respondents with approving or disapproving reactions to 

responses. The interviewers were also trained to use the survey 

instruments under careful supervision in the field by even more 
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intensively trained Ghanaian research assistants. Because of the 

multiple language problems of the Danfa area, the survey instrument was 

translated from English into three local languages: Ga, Ewe, and Twi. 

Each interviewer was trained in the local languages he or she spoke. 

The instruments were roughly checked in the field by the supervisors, 

and then more thoroughly edited and partially coded by research analysts 

in the Project Office at the University of Ghana. Final editing and 

coding for electronic data processing was accomplished at U.C.L.A. 

Health Sciences Computing Facility in the United States. 

The data (variables) in this study were directly selected from 

the Village Health Survey, the Morbidity Survey, Socioeconomic Survey 

(1975), Health Practices Survey, and the Baseline census. The main 

purpose of the Village Health Survey (VHS) was to obtain accurate, up

to-date information about the health of residents in selected rural 

communities. The VHS was also designed to determine utilization rates 

and to explain why respondents could not use the services of the Health 

Centers. The overall purpose of the Health Practices Survey was to 

provide information about the health related behaviors of the 

respondents in the Danfa Project district. These behaviors included 

maternal and child health practices, nutrition and environmental 

sani tat ion. The Morbidi ty survey consisted of a series of questions 

about health problems experienced by the respondent in the preceding two 

weeks. Most of the questions in this survey dealt with the nature of 

the illness, its duration, resultant restriction of normal activity, 

type of help sought, distance travelled (to the health care provider), 

and expenses incurred. 



143 

Variables and Variable Forms 

This section describes the range of variables available for the 

empirical analysis for uSe in explaining the choice of health care 

facilities by the individual respondents. The data set used in the 

estimation of a disaggregate demand model can be logically divided into 

three categories. First, it is necessary to know the actual choices 

made by a sample of decision-makers. Second, one needs to know 

something about the decision-makers in terms of their socioeconomic 

characteristics and the alternatives they had availabl~ Finally, one 

needs to know the attributes of the alternatives they faced when making 

their decisions. 

The variables employed in this study can be categorized in a 

manner which facilitates considerations of causality in relation to the 

dependent variable. These categories are variables describing the 

respondent's willingness to secure medical care, ability to secure care 

and perception or existence of real or supposed physiological needs. 

Dependent Variable 

The dependent variable in this analysis is the person or place 

consulted by the respondent for illness episode. Respondents were asked 

whom they consulted for treatment and these were classified in the 

morbidi ty questionnaire as self/no one, relati ves, drug heeler, 

herbalist/traditional healer, fetish priest, sanitarian, medical doctor, 

petty trader, health center/post/clinic, maternity home, drug store 

dispensary, hospitals. Respondents stating that "no one" was consulted 

were classified as "self." In this study an attempt will be made to 
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classify the above persons or places consulted into five categories: 

self; family; drug seller; herbalist/traditional healer; and clinic. 

Often a relative, usually father, mother, aunt, or uncle was 

cited, particulary for children. Thus, previous studies in the Danfa 

project have combined self and family into one class because, given 

close relationships with households, it is unlikely that for any illness 

no one in the household would be consulted, even for adults. 

Drug seller was a health facility that respondents admitted 

outright that they often consulted. The project's field supervisors 

also agreed that this term wri tten in English on the survey forms has 

been translated by the Ghanaian interviewers from the ethnic language 

words for seller of tradi tional/nati ve drugs. Previous stUdies in the 

Danfa project have classified consultations with petty traders who sell 

aspirins, phensic, A.P.C. and similar simple drugs and self/family in 

order not to confound other factors. Similar procedure will be followed 

in this analysis. 

Herbalist/Traditional healer was quite often a straightforward 

response. Respondents stating that fetish priest was consulted were 

classified under herbalist/traditional healer. Other aids in the form 

of spiritual churches were also classified under this. 

Health Center/Post usually meant the Danfa Rural Health Center 

or one of the two satelli te clinics which runs once weekly in each of 

the two villages some distance from Danfa, one north and one south. 

Respondents who consulted either a sanitarian or a maternity home were 

classified under Health Center/Post/Clinic. 
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Pharmacy is a health care facility that has its roots in the 

industrial world. It meant an establishment purveying packaged drugs of 

the type sold in drug stores in America or Europe, as well as more 

potent prescription drugs. Some respondents visited pharmacies in 

Accra. 

The classification "Hospital" in this study really means an 

outpatient department of a government, private, or mission hospital. 

The use of a hospital outpatient clinic was classified separately from 

the health center because of an assumption that it may have represented 

a higher level of care to respondents, if only because there were 

doctors and much more equipment in evidence. Respondents who sought 

medical care from a medical doctor or physician were classified under 

hospital. 

Information concerning the dependent variable (i.e., person or 

place consulted) was obtained directly from the 1973 village health 

survey morbidity form. 

Explanatory Variables 

It is evident that a wide variety of these variables will be 

relevant to physiological, psychological, social, economic, and even 

geographic conditions. The variables which seem to be most relevant 

were classified as follows: 

1. Existence of Real Physiological Needs: 

(a) Age (b) Sex 

Age and sex are used as crude measures of real needs with the 

assumption that many physiological needs are age-specific or sex-
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specific. However, these are still regarded as poor predictors of 

needs, since, in practice it might be possible to subject each 

individual in a sample to a physical examination and measure his needs 

along a scale ranging from acute to negligible. 

2. Perception of Real or Supposed (Felt) Needs: 

(a) Age (b) sex (c) Level of Education 

Although the type of treatment sought is based upon felt needs, 

and if no needs are felt, there will be no effort to obtain treatment, 

it is difficult to find operational variables which attempt to measure 

directly these mental conditions. However, age, education, or 

intelligence may be relevant. In addition, average education of the 

neighborhood or environment may be relevant; i.e., access to health 

information or medical advice. Individuals could also be asked to 

estimate their state of ill-health (i.e. health status--fair, good, or 

bad). In this study, because of the problem mentioned above, the 

health-care seeking model will not utilize any variables which measure 

felt needs. Instead, age, sex, and level of education of the respondent 

will be used as crude measures of real needs. These variables were all 

taken directly from the Baseline Census Form f/12 and the 1915 

Socioeconomic Survey. 

3. Willingness to Meet Felt Needs by Securing Care 

(a) Level of education (e) Literacy status 

(b) Ethnic ( f) Health experience/ 
condition 

(c) Religion 
(g) Health knowledge 

(d) Type of illness 
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The respondent may be aware of a need and yet be unwilling to 

seek treatment from a particular source. The measure of willingness may 

range from complete trust in the source of treatment at one extreme to 

complete hostility at the other. 

The level of education is a relevant measure, on the assumption 

that a highly educated individual may better appreciate the treatment in 

a hospital. 

Ethnicity is also considered on the assumption that where 

respondents go for treatment may depend upon values absorbed during 

their upbringing or it is part of the local mores or customs. 

Religion or belief may have some explanatory importance on the 

assumption that Christians seek treatment from the non-traditional 

sources and shun the indigenous mode of treatment. 

Type of illness may be a relevant measure, on the assumption 

that certain diseases (e.g., infertility, impotence, venereal, etc.) 

because of the shame attached to these conditions, may be taken to 

indigenous practitioners in preference to modern ones. Associated with 

the type of illness are the following: suspected cause of illness (e.g. 

wi tchcraft); chronici ty of illness (e.g. rheumati sm); seriousness of 

illness may lead from one mode of treatment to another; urgency of 

complaint (e.g. snakebites and convulsions); and superficiality of 

complaint (e.g., common skin infections may be self treated). 

Heal th experience!condi tion of a respondent may be a relevant 

measure of willingness to seek treatment from a particular source. That 

means, the respondent's description of his condition, whether the 

condition had been present less or more than two weeks, the number of 
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days in which normal activity had been restricted, the number of days in 

which the person actually was disabled, and the number of days lost from 

school or work may influence his willingness to seek treatment from a 

particular source. 

Health knowledge is also considered on the assumption that the 

willingness to seek treatment from a particular source may depend on the 

habitual or routine practices (e.g., treatment of drinking water or 

refuse disposal; i.e., awareness of preventive care) in the respondent's 

neighborhood. It may be possible to use such variables as "average 

neighborhood health education/know ledge" so as to make a rough 

distinction between areas where people go for treatment. 

Level of education, ethnic origin, and religion were available 

directly from the Baseline Census Form #12, health experience, type of 

illness, and literacy status were taken from the morbidity survey (VHS 

1973). The variable related to health knowledge/condition was obtained 

from the "1974 Household-Related Health Behavior Survey." 

4. Ability to Secure Treatment 

(a) Total income/value of assets; 

(b) Personal/institutional expense 

(c) Medication expense 

(d) Travel expense 

(e) Distance travelled 

(f) Occupation. 

Total income or value of liquid assets is a relevant measure of 

the ability to secure treatment, on the assumption that a respondent's 

source of treatment may depend in part on his income and wealth. This 
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variable has been adjusted for the rate of inflation of transport fares 

and food prices (with 1914 as base year). Liquid assets include bank 

accounts, deposits in savings, loans from associations or cooperatives 

or money-lenders. 

The price or cost of treatment, which is measured by medication 

and other institutional expenses, determines the access to treatment 

facilities. For instance, charges levied for the services of a doctor, 

herbalist, fetish priest, health center, etc. 

Distance traveled and travel expenses are relevant measures of 

the ability to secure treatment, on the assumption that proximity of 

services may influence the sources of treatment of respondents. The 

need to travel long distances or to pay high transport fares may for 

some households be positive deterrents to the seeking of treatment from 

a particular source. 

Occupation or the economic activities normally carried on by the 

members of the household determines a respondent's ability to generate 

income, which in tUrn influences the individual's ability to secure 

treatment from a particular source. 

Variables measuring total income/value of assets, personal/ 

institutional expense, medication expense, travel expense, distance 

travelled and occupation were taken directly from the 1973 Village 

Health Survey and the 1915 socioeconomic survey. 

Derivation of the Final Data Set From the Questionnaire 

This section explains the derivation of the data set finally 

used for the statistical analysis in the next two chapters. Given the 
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nature of the model to be constructed, a questionnaire had to contain 

certain basic information in order to be usable for the purposes of 

analysis. For ease of presentation, the variables are classified as: 

(1) dependent variable and (2) the explanatory variables. The 

explanatory variables are further classified into three categories; 

i.e., those describing the individual's: 

1. Needs and perception; 

2. Willingness to secure care; and 

3. Ability to secure care. 

These are presented in Tables 6.1 to 6.4 below. In each of the 

four tables, there are four columns. Under column one, we have the 

variable name (dependent or the explanatory variable). The type of 

questionnaire which provides information about each variable is listed 

under the heading "source" in column two. The column from which one can 

obtain this information from the computer punch card is stated under 

column three. The last column indicates the type of code used for each 

variable in each questionnaire. 
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Table 6.1 Dependent Variable--Describing Person or Place Consulted for 
Treatment 

Variable name Source (questionnaire) Column Code No. 
Morbidity 

1. Self/no one 1973 V.H.S. Form Card 3 43-51 001 

2. Relatives x x x x x x 001-009 

3. Drug feeler x x x x x x 010 

4. Herbalist! 
traditional x x x x x x 011 

5. Fetish priest x x x x x x 012 

6. Sanitarian x x x x x x 013 , 
I 

7. Medical doctor' x x x x x x 014 

8. Petty trader x x x x x x 019 

9. Health centre/ 
clinic x x x x x x 020-039 

10. Maternity home x x x x x x 040 

11 • Drug store/ 
dispensary x x x x x x 049 

12. Hospital x x x x x x 050-059 

13. Other aid 
(spiritual 
church) x x x x x x 060 

'" 
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6.3 Explanatory Variables--Describing Willingness to Secure Treatment 

Variable Name ISource (questionnaire) I Column Code No. 
I 
I 

1. Total income I 1975 Socio-Econ Card 2 44-47 As recorded I 

value of assets 

2. Monthly income x x x 22-24 x x 
31-33 
40-42 

3. Personal/ 
institutional 
expense 1973 VHS Morbidity Card 1 61-63 x x 

4. Medication 
expense x x x x 64-65 x x 

5. Travel expense x x x x 66-67 x x 

6. Other expense x x x x 68-69 x x 

7. Total expenses 1973 VHS Morbidity Card 2 34-36 x x 

8. Source of 
treatment x x x x 37-39 x x 

47-49 
57-59 

9. Distance 
traveled x x x x 45-46 x x 

55-56 
65-66 

10. Occupation 1973 VHS Morbidity Card 1 59-60 x x 



CHAPTER 7 

EXPLORATORY ANALYSIS OF THE DAUFA SAMPLE SURVEY DATA 

The use of data collected by sample survey methods involves many 

problems. Thus, most empirical studies are inevitably required to 

resolve the basic dilemma that available data do not completely meet the 

needs of a researcher. It is, therefore, incumbent upon the analyst to 

devote much attention to exploratory analysis of the data and also to 

instigate data checks before any statistical model estimation. In order 

to create a useful data base for further analysis, information from a 

number of sources (e.g. the Danfa Morbidity Survey, Health Practices 

Survey of Rural Danfa, etc.) will be processed, checked, and or ganized 

in a form suitable for use in the discrete choice and log-linear models 

estimation process later. However, it is essential to note that the 

basic problem for the researcher is almost always one of allocating 

scarce resources to the task of data collection and processing. In this 

study, since all of the data being used is taken from previously 

gathered sources, much emphasis will therefore be placed on insuring the 

validity of the sample data and on eliminating invalid or questionable 

observations wherever possible. 

This chapter presents one of the central "exploratory data 

analysis" moves in the examination of two-way and four-way cross

tabulations (frequency tables) and also how the variables described in 

the previous chapter interact with each other in relating to the 
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selection of medical care faci1i ty. First, the crude figures are 

presented and examined for any obvious peculiarities. Second, the data 

set is checked by an examination of the frequency tables of the more 

important variables and by consideration of statistics appropriate to 

qualitative data. Finally, a statistical profile of the most 

significant attributes of the data set and the possible implications and 

interactions of these attributes for model development are presented. 

Description of the Subs ample Data by Category 

The cross-sectional survey of the general population data of 

Danfa was deemed too large to be used in its entirety. It was therefore 

decided that a subs ample of the data set should be created. To insure a 

representative subsample a cluster sampling technique was used to yield 

a sample size of about 1,000 observations (i.e., about 25 percent from 

each of the four treatment areas of the Danfa Project). 

This subsample was then verified to insure that there are no 

errors, outliers, or extreme values in the data and that all data items 

which might be required in the model estimation were available. These 

checks insured that all codes were valid. The resulting data set 

yielded 957 indi vidual morbidity reports. These comprised the basic 

file for analysis, though data were not available for every variable for 

every case. 

A useful approach to analyzing the data is to provide a total 

picture of the Danfa population by providing a compact summary of the 

data (i.e., producing descripti ve statistics for some important 

variables for all cases, e.g., mean or averages). These statistics, 
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which are also reported separately for each level of some grouping or 

qualitative variables, are summarized in Tables 7.1 through 7.3. 

The Population 

Frequency counts and means (averages) were obtained for each 

variable on which information had been collected. These tabulations and 

statistics in Tables 7.1 through 7.3 were used to describe the 

interviewed population and the variables associated with the 

individual's (1) needs and perception, (2) willingness to secure care, 

and (3) ability to secure care. 

These variables include: 

1. Sex 

2. Occupation 

3. Age 

4. Highest grade attended 

5. Source of treatment (choice) 

6. Ethnic origin 

7. Religion 

8. Duration of illness (health condition) 

9. Disease (type of illness) 

10. Literacy (can read or not) 

11. History of injection 

Many of the variables used in further analyses were broken down 

into two or more subgroups on the basis either of divisions made in 

other studies such as Barnet, Creese, and Ayivor (1980) and Blumenfeld 

(1973) or according to some appropriate dividing point such as the mean 
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Table 7.2 Summary of Survey Response For Subpopulations: 

Choice,Ethnic, Religion, Durat.ion of Illness. 
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Table 7.3 Summary of Survey P.espor.se For Subpopulatior.s: 

Disease, Literacy, Ir.jectior.. 
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Table 7.4 Details of Categories--Occupation •. 

SUBGROUP 

Not Active 

Unemployed 

D ETA I L S o F SUB G R 0 U P 

Student, apprentice, disabled, infant, preschool, old 
age, retired, an~ homemaker, etc. 

Voluntary, not voluntary, i.e., cannot obtain work. 

Subprofessional Teachers, clergy, artists, sculptors, nurses, midwives, 
technicians, herbalists, pharmacists, fetish priests, 
Plumbers, road foremen, draftsmen, etc. 

Salesmen 

Farmer 

Driver 

Artisan 

Petty traders, 
retail traders, 

shop bar keepers, 
etc. 

shop assistants, 

Farmers, fishermen, hunters, woodburners palm wine 
tappers, loggers, firewood cutters, coal burners, etc. 

Canoernen, lorry drivers, tractor drivers, radio 
operators, messengers, and other workers in 
transportation and communications, etc. 

Craftsmen, weavers, knitters, potters, toolmen, 
fitters, goldsmiths, blacksmiths, butchers, bakers, 
distillers, dryers, etc. 
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Table 7.5 Details of Categories--Disease. 

SUBGROUP D ETA I L S o F SUB G R 0 U P 

Fever Infective and parasitic i.e., cholera, diarrhea, 
. tuberculosis, leprosy, tetanus, measles, chicken pox, 

malaria, tapeworm, yellow fever, etc. 

Mental Madness, schizophrenia, nightmares, sleep disorders, speech 
disturbances, etc. 

Eye-Ear Eye diseases, earache, deafness, blindness, paralysis, 
epilepsy, etc. 

High Blood Hypertension, high blood pressure, hemorrhoids, heart 
diseases, stroke, et~ 

Asthma Cold, catarrh, sore throat, pneumonia, bronchitis, asthma, 
etc. 

Stomach Constipation, belching, heartburn, hernia, appendicitis, 
stomachache, toothache, etc. 

Boils Sores, skin rash/irritation, baldness, blisters, boils, 
etc. 

Waist Pains Rheumatism, spinal curvature, deformed, crippled, 
stiffness, waist pains, etc. 

Jaundice Jaundice, depression, old age, bedwetting, palpitation, 
fatigue and other ill-defined conditions, etc. 

Pregnancy Prenatal cramps and fever, premature, abortions, 
infertility, sterility, impotence, and other diseases of 
genito-urinary system. 

Dizziness General weakness, loss of weight, vomiting, loss of 
appetite, nosebleeding, fainting, coma, dizziness, etc. 

Injury Vehicle accident, sprain, bruiser fracture, bites, poison, 
toxic effects of snakes, insects, etc. 
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Table 7.6 Details of Categories--Choice (Source of Treatment). 

SUBGROUP D ETA I L S o F SUB G R 0 U P 

Self Self, no one 

Family Relatives, father, mother, uncle, cousin, etc. 

Drug Seller Drug feeder, petty trader, etc. 

Herbalis.ts Traditional healers, spiritualists, fetish priests, etc. 

Clinic Health centre posts, clinics, maternity homes, dispensaries 
or pharmacists, hospitals. 

The subgroups above average include: 

Sex Subgroup of females (51.8%) 

Occupation Subgroups of unemployed (3.3%), subprofessional (1.2%), 
salesmen (11.9%) and Artisans (6.8%). 

Age Subgroups of age 16 to 20 (9.5%), age 21 to 30 (13.6%) and 
age 31 to 40 (12.3%) 

Grade Subgroups of never attended (57.2%) and sec tech (1.9%) 

Choice Subgroups of drug sellers (5.4%), herbalists (1.2%) and 
clinics (9.6%) 

Ethnic Subgroups of Akwapim (19.2%), Ashanti (0.9%) and Fanti 
(1.8%) 

Religion Subgroups of Catholic (4.3%) and Traditional (36.3%). 

Duration Subgroup of Over 2 weeks (health condition) of illness 
(54.3%) 

Disease Subgroups of eye-ear (6.3%), high blood (0.8%), jaundice 
(5.4%) 

Literacy Subgroups of past--can read (14.4%) and past--can't read 
(3.6%) 

Injection All Subgroups i.e., yes (10.8%) and no (89.2%). 
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or median of their distributions. The details of the subgroups are 

presented in Tables 7.4 through 7.6. 

For the purposes of describing the various subgroups in the 

population, the basic information required for each subgroup was 

1. Average total cost of medical care per outpatient visit 

2. Average total cost of travel (journey) per outpatient visit 

3. Average total cost of drugs (medication) per outpatient visit. 

4. Average total cost of consultation fees per outpatient visit. 

5. Average number of days lost from work/school per outpatient 

visit. 

6. Average number of days restricted from usual activities per 

outpatient visit. 

7. Average number of days completely disabled per outpatient visit. 

8. Average distance travelled per outpatient visit. 

9. Total subgroup frequency. 

10. Relative frequency (percent of total) for each subgroup. 

11. Average age of each subgroup. 

The question now is to find out, on the basis of the above 

information summarized in Tables 7.1 through 7.3, which subgroups, in 

their health-care seeking behavior, posses some important character

istics which can be regarded as either above or below group average 

(behavior) of the Danfa population in Ghana. 

From Table 7.1, it can be seen that for all groups the average: 

1. Total medical expenses per outpatient visit is 1.82 cedis (i.e., 

18 percent of the minimum weekly wage rate in 1974-75 ($1 = 1.15 

cedis in 1975». 
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2. Total cost of travel to the source of treatment (choice) per 

outpatient visit is 39 pesewas or 0.39 cedis (i.e. 21.43 percent 

of average total cost of medical care). 

3. Total cost of medication (drugs) per outpatient visit is 77 

pesewas or 0.77 cedis (i.e., 42.31 percent of average total cost 

of medical care). 

4. Consultation fees paid per outpatient visit is 40 pesewas or 

0.40 cedis (i.e., 21.97 percent of average total cost of medical 

care). 

5. Distance travelled to the source of treatment (choice) per 

outpatient visit is 5.47 miles. 

6. Number of days lost from work/school due to ill health per 

outpatient visit is 11.49 days. 

7. Number of days restricted from performing usual activities per 

outpatient visit is 0.87 days. 

8. Number of days completely disabled per outpatient visit is 0.19 

days 

9. The average age of the popUlation as a whole is 35 years. 

From Tables 7.1 through 7.3, values which are above group 

average are indicated with a superscript symbol n*n. For instance, in 

the case of males, the average total medical expenses per outpatient 

visit of 1.83 cedis is above the group average of 1.82 cedis for the 

whole population. In this study subgroups with five or more asterisks 

n*" may be classified as subgroups posessing characteristics above group 

average within the Danfa population. 



Cross Tabulations and Tests of Hypothesis 
About the Sample Data 

Before beginning the estimation of the discrete choice models, a 

number of cross tabulations (frequency tables) were created to summarize 

the results from the entire household sample survey so as to give a 

picture of the number and percentage of cases in specified categories. 

The cross tabulation summary sta~istics of the choice of treatment 

source with each of the independent variables are presented in Table 

7.8. Apart from providing another useful way of further checking the 

data for validity, these two-way frequency tables help to explain 

variations in the health-seeking behavior through the discussions of 

statistics appropriate for the analysis of contingency tables and tests 

of hypotheses about qualitative or categorical data. For ease of 

presentation, the variables are identified by their computer-acceptable 

names. A glossary of these names is presented in Table 7.7 

The purpose of this section is to discuss the tests of 

independence between choice (columns) and the explanatory variables 

(rows) or of equality of proportions between choice of treatment source 

(columns) or each explanatory variable (rows) and also measures of 

prediction and uncertainty as summarized in Table 7.8 through 7.10. The 

formation of the frequency tables and the computation of statistics and 

measures were carried out using the appropriate subprogram available in 

the packaged system of computer programs called BMOP Statistical 

Software (1981). 
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Table 7.7 Glossary of Computer Names. 

NAME 

1. AGE 

2. SEX 

3. YDAYSLOS 

4. OCCUP 

5. PERSONX 

6. MEDICALX 

7. XTRAVEL 

8. FOTHERX 

9. CHOICEA 

10. HINJECT1 

11. ZDISTANT 

12. ETHNIC 

13. RELIGION 

14. DISEASE 

;5. VDURATIL 

16. WRESTDAY 

17. QDISADAY 

18. LITERACY 

19. GRADE 

20. TOTALX 

A--Age of individual 

S--Sex of individual: 1 = male, 2 = female 

Y--Number of days lost for work/school 

O--Occupation of individual 

P--Consultation fees 

M--Medication (Drug) expenses 

X--Travel expenses 

F--Other expenses e.g. on food etc. 

C--Source of treatment or place consulted 

Injection received: Yes or No 

Z--Distance travelled 

E--Region of birth or ethnic origin 

R--Religious worship or belief 

D--Type of illness or health condition 

V--Duration of health condition or illness 

W--Number of restricted days 

Q--Number of days completely disabled 

L--Any formal education or reading capability? 

G--Highest level of school attendance or Number of years 

in school 

T--Total cost of medical care 
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Table 7.8 Summary of Statistics and Measures For the Two-Way Tables 

Variable X2 Probe 

AGE 0.00 

SEX 0.69** 

YDAYSLDS 0.00 

OCCUP 0.01 

PERSONX 0.00 

MEDICALX 0.00 

XTRAVEL 0.00 

FOTHERX 0.00 

TOTALX 0.00 

HINJECT1 0.00 

ZDISTANT 0.00 

ETHNIC 0.35** 

RELIGION 0.08** 

DISEASE 0.00 

VDURATIL 0.00 

WRESTDAY 0.00 

QDISADAY 0.00 

LITERACY 0.00 

GRADE 0.00 

Lambda 
(%)* 

0.0 

0.0 

0.0 

0.0 

7.5 

16.1 

32.3 

13.4 

26.3 

0.0 

28.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Uncertainty 
(%)* 

5.6 

0.2 

8.8 

3.2 

6.4 

19.5 

23.9 

9.4 

35.0 

4.4 

26.3 

1.9 

1.8 

7.6 

5.3 

7.3 

2.7 

3.1 

1.9 

Tau 
(%)* 

1.9 

0.1 

9.5 

1.4 

7.1 

21.0 

28.8 

11.8 

37.3 

4.3 

27.5 

0.8 

0.8 

3.4 

3.4 

7.5 

2.2 

1.5 

1.6 

Cramers V 
(%) 

14.4 

4.8 

23.0 

11.9 

33.6 

46.0 

53.5 

36.0 

48.6 

28.4 

41.2 

8.2 

7.8 

16.6 

26.8 

25.3 

10.1 

11.8 

10.2 

It Values shown considers choice (source of treatment) a dependent 
variable to each of the explanatory variables. 

** Reject the null hypothesis of independence between choice and the 
explanatory variable at 5 percent significant level. 

NB. all values, except x2-probability, are in percentages 
(i.e., range is 0 percent to 100%) 
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Table 7.9 Summary of Variables with Measure Exceeding 5 Percent. 

Uncertainty(Ur) Tauh p) Lamda (As) 

AGE YDAYSLOS PERSONX 

YDAYSLOS PERSONX MEDICALX* 

PERSONX MEDICAL" FOTHERX* 

MEDICALX* XTRAVEL** XTRAVEL** 

XTRAVEL** FOTHERX* TOTALX** 

FOTHERX TOTALX** ZDISTANT** 

TOTALX** ZDISTANT** 

ZDISTANT** WRESTDAY 

DISEASE 

VDURATIL 

WRESTDAY 

* Variables with measures exceeding 10 percent. 

** Variables with measures exceeding 20 percent. 

For Cramer's Vall variables except SEX have measures above 5 percent. 
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Table 7.10 Formulas For Tests and Measures (Independence and Prediction) 

Test or Measure 

Chi-square test (X2) 

Crammer's V 

Likelihood Ratio Test (G2) 

Goodman and Kruskal Tau (1) 

Optimal Prediction Lamda (A) 

Uncertainty Coefficient, ( ) 

Range of 
Values 

(0, (0) 

(0, 1) 

(0, (0) 

(0, 1) 

(0, 1) 

(0, 1) 

Formula 

G2 
aij 

= 2 Il:a· .Ln(-) 
1,1 eij 

2 NIl: ai/ri -
j/i = 

N2 _ C2 

aij :: observed frequency count in row i and column j; 

i = 1, • • ., R; j = 1, • • ., C. 

r i = aij :: row totals; c j = aij - column totals. 

N = aij :: table total. 

eij = riciN :: expected frequency count in row i and column j. 

LC~ 
J 
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Tests of Independence and Association 

The most familiar tests of independence between two variables 

(e,g., CHOICE and AGE) are the (Pearson) chi-square test and the 

likelihood ratio chi-square statistic G2• The latter one is based on 

maximum likelihood estimation and is used more than any other test 

statistic in the analysis of frequency tables, although it is 

computationally more expensive. These test statistics are computed from 

the observed and expected frequencies (i.e. by the formula given in 

Table 7.10) under the null hypothesis that the choice of source of 

treatment is independent of the variables describing the individual's: 

(1) needs and perception e.g., age, sex, etc., (2) willingness to secure 

care e.g., ethnic, disease, etc., (3) ability to secure care e.g., 

travel expense, medication costs, etc. 

Table 7.8 presents the values of the likelihood ratio chi-square 

probabili ty (i.e. the probabili ty of a more extreme result under the 

hypothesis of independence or the probability of observing a computed X2 

value> a cri tical -1- value). To test a hypothesis at a gi ven level of 

significance (say 0.05 or 5 percent), a probability less than this level 

implies a significant result. That is, if the null hypothesis, Ho, is 

given by: 

Ho: Choice of medical care is independent of age; then a 

probability less than 0.05 is a significant result (a probability that 

X2 value> critical X2 is very small e.g., 0.01). That means, there 

exists a relationship between the t\'lO variables choice and age. (i.e., 

when the model of independence is not appropriate or is rejected--if 

probability exceeds 0.05--then the row variable is related to the column 
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variable). Table 1.8 indicates that on the basis of the 2 test, three 

variables--sex, ethnic, and religion--have no significant relationship 

with the choice of the source of treatment. This indicates that on the 

basis of this Danfa sample data, sex, ethnic, and religion have little 

or no influence on the type of medical facilities chosen. 

One major drawback of the chi-square test is that it is sensitive 

to the sample size, N. If the sample size is large enough, a 

signi ficant relationship can be established between almost any 

variables. In view of this a number of measures of association, such as 

the Cramer's V, and Phi coefficient, and the contingency coefficient, 

are functions of the chi-square that do not increase wi th the sample 

size, N. In this analysis, we will consider only Cramer's V since it 

can be used to compare tables of any size, while phi coefficient applies 

only to 2 x 2 tables, and the upper limit of the contingency coefficient 

changes size as the size of the table increases. That means, the 

contingency coefficient cannot be used to compare tables of different 

dimensions. 

When the model of independence is not appropriate, the expected 

value of the chi-square statistic is proportional to the sample size N. 

All three measures are zero if (and only if) the chi-square test is zero 

or if there is no relationship at all between the variables (i.e. 

observed and expected values are identical). In this case, X2 = 0 and 

Cramer's V = O. A perfect association between the variables gives a 

Cramer's V of 1 or 100 percent. It is a measure of the strength of 

association between the two variables. The closer V is to the value of 

1.0 or 100 percent, the stronger the level of association between the 
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variables. For example, in Table 7.8, the Cramer's V of 4.8 percent 

between SEX and CHOICE indicates the lowest level of association, while 

that of 53.5 percent between XTRAVEL and CHOICE indicates the higher 

level of association. The hypothesis that all the above measures are 

equal to zero can be tested by the chi-square test for independence. 

From Table 7.8 the X2 test of independence for three variables--sex, 

ethnic, and religion--have no significant relationship with the choice 

of the source of treatment. This indicates that on the basis of this 

Danfa sample data, the above measures for sex, ethnic, and religion are 

not significantly different from zer~ Next, we consider measures of 

association not based on the chi-square test. 

Measures of Prediction and Uncertainty 

The most popular predictive measures when either or both factors 

are qualitative/categorical are: Goodman and Kruskal tau (T), optimal 

prediction lambda (A), and the uncertainty coefficient (U). The values 

of these measures, as presented in Table 7.8 attempt to measure the gain 

in predicting one categorical variable of the table, e.g., CHOICE, when 

the second categorical variable, e.g. AGE, is known relative to when it 

is not known. The details of the formulas discussed in Goodman and 

Kruskal (1954) and Brown (1975) are presented in Table 7.10. These 

measures assume no ordering of the categories or subgroups. They are 

inherently asymmetric, but the values of A and U in Table 7.8 have been 

computed considering choice dependent and the tabulated variables 

independent. Symmetric versions of these measures are ignored in this 

study. 
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Goodman and Kruskal Tau (~ compares the random proportional 

prediction of one index, e.g. CHOICE, with conditional proportional 

prediction based upon knowledge of second index, e.g. AGE. Our model of 

activity is the following: An individual is chosen at random from the 

population, and we are asked to guess his CHOICE subgroup either (1) 

given no information or (2) given his AGE subgroup. This may be 

accomplished using a table of "random numbers." The resulting 

distribution of guessed or predicted subgroups will usually be different 

from the original distribution in the population. If one makes many of 

such guesses independently, then the relative decrease in the long-run 

proportion of incorrect predictions or guesses as one goes from AGE 

group unknown to AGE group known is measured by TAU (T). For example, 

in Table 7.8, the value of TAU for the AGE variable is 1.9 percent. 

That is, the relative decrease in the long-run proportion of incorrect 

predictions as between AGE group unknown and AGE group known is 1.9 

percent. The highest value of TAU is by TOTALX Whose measure exceeds 35 

percent using this sample data. 

It is clear that TAU takes values between 0 and 1 or 0 and 100 

percent; it is 0 if and only if there is independence, and 1 if and only 

if knowledge of, for instance, AGE subgroup, completely determines 

CHOICE subgroup. 

On the other hand, Optimal Prediction LAMBDA (A) is a measure of 

predictive association. That is, it measures the relative degree of 

success with which one index e.g. PERSONX--consul tat ion fees--can be 

used to predict a second index e.g. CHOICE. To put this another way, A, 
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gives the proportion of errors that can be eliminated when predicting 

into which subgroup in the dependent variable, e.g. CHOICE, an 

individual might fall given that the subgroup in the independent 

variable, e.g. PERSONX, is known versus unknown. Hence, A is defined as 

= (Probability of error:rndep. 1.lI'll<nam) - (Probability of errorlIndep. k\nm) 
(Prob. of error I Independence U1known) 

From Table 7.8, in predicting CHOICE from PERSONX, A equals 7.5 percent. 

Thus, one has reduced the error in prediction by 7.5 percent by taking 

account of knowledge of the PERSONX subgroups rather than given no 

information. An important property of A is that it takes values between 

o and 1 or 0 percent and 100 percent. That means, A= a if and only if 

knowledge independent variable is of no help in predicting the subgroup 

Qf the dependent variable; and it takes the value 1 if and only if 

knowledge of the subgroup of the explanatory variable completely 

specifies the class of the dependent variable. 

The Uncertainty Coefficient (U) measures the amount of shared 

information between the dependent variable, e.g. CHOICE, and the 

independent variable e.g. DISEASE, or the relative reduction in 

uncertainty about the dependent variable from getting to know the 

explanatory variable. To put this in another way, the measure U can be 

interpreted as the uncertainty in knowing the category i of the 

dependent variable, e.g. CHOICE, (subgroup) given the know ledge of the 

category j of the explanatory variable, e.g. DISEASE, (subgroup). The 

details of the formula are presented in Table 7.10. In Table 7.8, the 

independent variable, DISEASE, for instance has a value of U = 7.6 

percent. That means in predicting the subgroup of CHOICE, the relative 
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reduction in uncertainty as between DISEASE group unknown and DISEASE 

group known is 7.6 percent. The highest value of the measure U is 

obtained for the explanatory variable TOTALX, whose value is 35 percent. 

The measure U takes values between 0 and 1 or 0 percent and 100 percent. 

The summary of explanatory variables with measures of LAHBDA, 

TAU, and UNCERTAINTY exceeding 5 percent are presented in Table 7.9. 

Log-Linear Model Analysis and Variable Interactions 

In the analysis of data, interactions are commonly ignored by 

most researchers for the simple reason that this assumption results in a 

very efficient analysis procedure and avoids a great deal of complexity. 

This assumption, according to Hensher and Johnson (1979), is probably a 

very risky one, when a large number of explanatory variables are 

involved, because: (1) the real world is full of many interactions; and 

(2) the variables, being used, may have to interact to produce a single 

theoretical construct which is really an important factor in explaining 

behavior. They fUrther pointed out that models which ignore the possi

bility of interactions, especially when behavior is being investigated, 

are very likely to be unspecified and thus give misleading results. 

The purpose of this section is to obtain a description of the 

relationships between the explanatory variables, either by forming a 

model for the data or by testing and ordering the importance of the 

interactions between the factors. The analysis is based on fi tting a 

(hierarchial) log-linear model to the cell frequencies; that is, the 

logarithm of the expected cell frequency is written as an additive 

function of main effects and interactions in a manner similar to the 
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usual analysis of variance model. The computational details of the log

linear model are not enlightening, and they are discussed in texts by 

Goodman (1970), Fienberg (1977) and Bishop et ale (1975). A brief 

exposition of the logic of the analytical approach in this study is 

useful, however. 

The log-linear model for contingency table analysis is best 

introduced by considering again the classical chi-square test applied to 

the two-way table. A generalized form of this test applied to the M-way 

table (M > 2) tests certain kinds of hypotheses about the table's M 

variables. According to Goodman (1970), the classical chi-square 

approach has been criticised because: (1) it does not provide estimates 

of the "effects" of the table's M variables on each other; and (2) its 

application to the M-way table is complicated when M > 2. 

One of the alternatives to the classical approach, as shown in 

Bishop (1969) and Dyke and Patterson (1952), is an analysis based on 

"logi ts." This analysis is applicable when: (1) the M variables can be 

viewed in an asymmetric way, i.e., a dependent variable and M-1 

independent variables; and (2) the dependent variable is dichotomous. 

Another al ternati ve, according to Goodman (1970), is an 

extension of the above analysis to the case where the dependent variable 

is not dichotomous but is polytomous. This is the log-linear model. 

For a different extension, one can see the work of Bock (1969). 

Estimation of Interactions Among Variables 

In the two-way table the test of independence is equivalent to 

testing the fit of the model, 
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(7.1) 

i.e., the expected cell frequency D(fij ) is the product of the row 

effect (u i ) and the column effect (~j). In a higher way table E(f ij ) 

may be expressed as the product of several terms, each representing an 

"overall mean," "main," 01" "interaction" effect. The logarithm of the 

expected frequency can be expessed as a linear model, hence the name 

"log-linear model." 

In case of higher way table, let us consider a 4-way I x J x K x 

M contigency table, where the four indices pertain to categorical 

variables A = age, B = religion, C = choice, and D = disease, 

respectively. Let f ijkm be the observed frequency in cell (i, j, k, m) 

of the table. Then the log-linear model may be written as 

loge F i jkm = e + A 1 + A ~ + A ~ + A g + A t~ + A t~ + A t~ 

+ ABC + A~D + ACD + A~~D + A~CD + A~CD + A~~CD <7.2) jk Jm km lJm lkm Jkm lJkm· 

where log refers to natural logarithm throughout and Fijkm = E(fijkm) is 

the expected value of the observed cell frequency and the A'S satisfy 

the constraints 

Ei A~ = 0, . . , L. A~~ = EA4B = 0, . . . , 1 1 lJ j J 

~. A~~~ = ~j A~~~ = ~A~~~ = 0, . . . , 
1 lJ lJ lJ 

(7.4) 

_ ~1 ABeD __ ° 
- /.../\ ijkm • (7.5) 

m 

In a manner paralleling the classical analysis of variance 

(ANOVA), the expected odds under a given model, Fijkm, may be described 

as the product of "main effects" and "interaction effects" pertaining to 
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the explanatory variables. In Goodman's (1910) notation, the full or 

"saturated" model containing all possible effects for the above example 

would be 

where 

El -

At -

A.(\~ 
lJ -

Fijkl 

overall mean effect on 

the main effect of the 

the interaction effect 

and B 

Fijkm; 

ith category 

"ABeD ijkm 
• e 

of variable A 

(1.6) 

on Fijkm; 

between subgroups i and j of variables A 

An interaction effect in this case means that Age (A) and 

Religion (B) are not independent in a statistical sense, but rather they 

are interrelated. That is, a person's age influences his religious 

belief, and thus, in order to calculate the expected frequency, one 

needs to incorporte this interaction in the model finally. In addition, 

A t represents deviations from the overall mean resulting from being in 

the ith category of variable A. 

This model differs from the ANOVA model because of the following 

reasons presented in Goodman (1910) and Markus (1919): (1) this model 

is multiplicative in the effects coefficients, whereas the ANOVA is an 

additive model; (2) the product, rather than the sum, of the effects of 

this model is constrained to "cancel out," i.e. to equal unity (or sum 

of logs equal 0); (3) the ANOVA model represents the effects of 

treatment variables on an internal level criterion measure, whereas this 

model uses logarithm of the odds, log Fijkm, favoring classification in 

a particular category of the dependent variable as the cri terion, (4) 
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this model deals with a sample from a cross classification rather than 

with independent observations from populations that are normally 

distributed and homoscedastic. 

The full model is referred to as "saturated" because it includes 

as many effects as there are degrees of freedom in the cross

classification, and hence, reproduces the observed odds exactly. If, on 

theoretical or empirical grounds, certain trivial effects were set to 

zero, then different models are formed. The log-linear model provides a 

model building strategy. When one applies these theoretical models to 

actual data, one calculates the expected values implied by that 

particular model and then tests the goodness of fit of these expected 

values via either the usual Pearson chi-square statistic or the 

likelihood ratio statistic. If the model does not fit adequately then 

one tries an alternative. 

Generally, the researcher attempts to develop a model which is 

parsimonious while maintaining a close fit to the data. This 

,Erinciple of parsim~ is very important in this model building 

strategy; that is, one starts by fitting simple models with a few 

parameters and extra parameters only if the simple models do not 

adequately fit. In practice, however, permissible models are restricted 

by Reynolds (1911) hierarchy principle: If higher order interactions of 

variables are included in a particular model, then all lower order 

effects containing these variables must also be included. For example, 

if ABC interaction effect is to be retained in the model, then it means 

that AAB, ABC, AAC, >A, AB, AC and Gare all present. 
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Obviously, a model containing four, five, or six variables has a 

very large number of possible specifications, and even with the aid of a 

computer, the detailed analysis of all possibilities is not really 

feasible. Goodman (1970) has shown that there are 167 possible models 

in the four-variable case, and many thousands of models in the five- and 

six-variable cases. In a five- or six-variable model, the researcher is 

most unlikely to observe a fifth-order interaction effect, and a fourth

order effect is not very likely either, so that one can name the range 

of possibilities, using perhaps only two-variable interactions to begin 

with. As with all multivariate analysis, the model building procedure 

involves a mixture of theoretical, statistical, and common sense ideas. 

The primary purpose, therefore, of using the log-linear model is to 

understand the relationships among the factors. The analysis will 

proceed as follows: (1) screening for an appropriate model by using 

tests of marginal and partial association, or (2) testing, comparing, 

and understanding the models under consideration. Estimates of the 

parameters of the model and the chi-square statistics, including their 

probabilities, are obtained via an iterative maximum likelihood 

approach--a computer program available in the BMDP statistical software 

(1981). 

Fitting and Testing Hierarchical Models 

According to Goodman (1970), the main effects, ,can be used in 

making inferences and also to guide the selection of the hypotheses that 

are fitted to the data. In the present section, we shall consider only 

hypotheses (models) pertaining to certain sets of A's i.e., hypotheses 
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that can be tested by the more conventional chi-square methods. Since 

only hierarchical hypotheses (models) are considered, each hypothesis is 

described by its minimal hierarchical form. That is, the hypothesis 

(AB, BC) represents the log-linear or hierarchical model 

8 + ), ~ + \ BJo + A kC + A ~E} + ABe 
1 /\ lJ jk 

where the parameters At, A~, , ),AJ39 will be denoted here, for 
lJ 

short, by the symbols (A), (B), • •• , (ABC) respectively throughout 

this chapter. Letting Hn denote the nth hypothesis, we present below 

four different kinds of hypotheses that can be tested by conventional 

chi-.square methods, expressing each hypothesis in its minimal 

hierarchical form. 

H1: (A, B, C); which states that the three variables are 

independent. 

H2: (e, AB); which states that the third variable, C, is independent 

of the first two variables. 

H3: (AB, Be); i.e., two pairs of variables are related or variables 

A and C are conditionally independent, given the level of 

variable B. 

H4: (AB, BC, AC) i.e., all pairwise relationships are present or all 

three-factor interactions are zero. 

Before screening for an appropriate hierarchical model, it is 

important to discuss questions of notation and also the need for 

interactions of a certain order, i.e., to justify the need for a 

particular interaction of a given order (i.e., a second or third order 
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effect) in a specified model. For ease of presentation, each term in a 

model is identified by a series of symbols which represent the first 

letters of the computer-acceptable variable names presented in Table 

7.7. For instance, the letters A, S, Y, C, and Z are used as symbols 

for AGE, SEX, YDAYSLOS, CHOICEA, AND ZDISTANT respectively. 

Our next purpose is to use tests of simultaneous and association 

described in Brown (1976) to screen the various interaction effects to 

determine whether they are necessary in the model for the data being 

used. The resul ts of these tests are presented in Tables 7.11 through 

7.13. Before discussing these results, we need to consider the question 

of the selection of a contingency table of a given order (i.e., a subset 

of indices) to describe relationships between the variables, and the 

interpretation of the resulting subset or M-way contingency table. 

Thus, our focus, at this stage, is on the problem of selecting a subset 

of indices pertaining to variables indicating the individual's (1) need 

and/or perception, e.g. SEXeS), (2) ability to secure case, e.g., 

ZDISTANT(Z) or TOTALX(T), (3) willingness to secure care, e.g. 

DISEASE(D) or RELIGION(R). 

In this study, we considered a four-dimensional I x J x K x M 

contingency table, where the indices pertain to a subset of four 

variables described in Table 7.7. Each subset of these four variables 

can be viewed in an asymmetric way, with one of the variables, CHOICEA = 

C, considered the "dependent" variable and the other three variables 

considered "independent" variables describing Need/Perception, Ability 

and ![illingness of an individual seeking care. For instance, in 

deriving the 24 subsets of indices presented in Tables 7.11 through 
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7.13, various combinations of variables describing need and Ability, 

e.g., TS, ZS, VS, and YS are each paired with the variables describing 

Willingness e.g., AGE = A, G = GRADE, E = ETHNIC, R = RELIGION, 0 = 

OCCUP and D = DISEASE. Each of the resulting subset of three indices, 

are then combined with the dependent variable, C = CHOICEA to obtain a 

subset of four indices, e.g., ACTS, ACZS which represent subsets (1) and 

(2) in Table 7.11. This approach was adopted so as to limit the number 

of models, since in a four-way table there are as many as 166 different 

hierarchical models which may be fitted to the data (Goodman 1970). 

Tests-of-Fit of Models of Full Order K 

According to Brown (1976), it is useful to compute the tests-of-fit 

of the full kth-order models for all where a model of order K is defined 

as the model containing all interactions having K factors or less, i.e., 

a model that contains all of the K-factor interactions but no higher 

order terms. These provide tests that all K + 1 and higher order 

interactions are simultaneously zero. In this case, our null 

hypothesis, HO' becomes: 

HO: All K + 1 and higher order interactions = O. 

For instance, a test that all effects greater than order 2 are zero is 

performed by fitting the model that includes all 0, 1st, and 2nd order 

effects. Tests of models of full order for our sample data on the 

choice of medical care are presented in Table 7.11. 

In the output each line represents a different model. For 

example, the line beginning with order = 2 gives the results of fitting 
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Table 7.11 Full Order Tests-of-Fit of Models of Order K. 

Indices Order LR. CHISQ 1 Indices Order LR. CHISQ 
I 1 

(1) ACl'S O-MEAN 3,635.97 (0.00) 1 (2) ACZS o-MEAN* 293.97 (0.84)* 
I 1 

670.24 (0.00) 1 1 163.77 (1.CX» 
I 1 

2* 73.61 (1.00)*1 2 70.16 (1.00) 

3 20.70 ( 1.CX» 3 15.78 (1.00) 

4 0.0 (1.00) 4 0.0 (1.00) 

(3) ACVS O-MEAN 1,989.61 (0.00) (4) AC')[S O-MEAN 3,038.83 (0.00) 

2Zl.31 (0.00) 1 481.15 (0.00) 

2* 56.44 (0.99)* 2* 123.81 (1.00)* 

3 11.61 (0.99) 3 31.61 (1.00) 

4 0.0 (1.00) 4 0.0 (1.00) 

(5) a:;rs O-MEAN 4,369.33 (0.00) (6) a:;zs O-MEAN 308.94 (0.00) 

654.54 (0.00) 1* 127 .21 (0.89)* 

2* 42.68 (1.00)*1 2 31.27 (1.00) 
I 1 

3 8.68 (1.90) 1 3 3.59 (1.00) 
I 1 

4 0.0 (1.00) I 4 0.0 (1.00) 

(7) a:;vS O-MEAN 2,598.93 (0.00) (8) GCYS O-MEAN 3,631.32 (0.00) 

224.02 (0.00) 369.58 (0.00) 

2* 26.52 (0.98)*1 2* 60.06 (0.99)* 

3 5.39 (0.94) 1 3 16.76 (0.99) 
I 1 

4 0.00 (1.00) 1 4 0.0 (1.00 

Probabilities are in parentheses. 

*Maximum K (order) at which model is not significant at Prob. = 0.05 (i.e. all 
OI"ders greater than this max K are not needed in the m:>del) 

A = AGE, C = CHJICEA, T = 'lUfALX, S = SEX, Z = ZDISfANT, V = VOORATIL, 
Y = YDAYSWS, G = GRADF. 



185 

Table 7.11 Full Q-der Tests-of-Fi t of Models of Order K Continued. 

Indices Order LR. aITSQ Indices Order LR. CHISQ 

(9) ECTS D-MEA.N 4,538.98 (0.00) (10) ECZS O-MEAN 346.38 (0.00) 

1 712.58 (0.00) 1· 141.16 0.00)* 

2· 86.64 (1.00)* 2 55.47 (1.00) 

3 19.35 (1.00) 3 13.56 (1.00) 

4 0.0 (1.00) 4 0.0 (1.00) 

(11) ECVS O-MEAN 2,823.36 (0.00) (12) ECYS O-MEAN 3,809.84 (0.00) 

1 171.68 (0.01 ) 401.45 (0.00) 

2* 49.21 (0.99)* 2* 90.92 (1.00)* 

3 8.3:> (0.99) 3 20.83 (1.00) 

4 0.0 (1.00) 4 0.0 (1.00) 

(13) RCTS O-MEAN 4,127.96 (0.00) (14) RCZS O-MEAN 308.98 (0.00) 

1 599.92 (0.00) 1* 123.44 (0.99)* 

2* 52.66 (1.00)* 2 39.83 (1.00) 

3 11.66 (1.00) 3 6.73 (1.00) 

4 0.0 (1.00) 4 0.0 (1.00) 

(15) RCVS O-MEAN 2,375.81 (0.00) (16) RCYS O-MEAN 3,409.50 (0.00) 

1 147.41 (0.00) 321.59 (0.00) 

2* 34.42 (0.99)*. 2· 78.96 (0.99)* 
I 

• 
3 4.13 (0.99) : 3 32.70 (0.96) 

I 

• 4 0.0 (1.00) : 4 0.0 (1.00) 

Probabilities are in parentheses 

*Maxirrrum K (order) at which model is not significant at probe = 0.05 
(i.e., All order greater than this max K are not needed in the roodel). 

E = ETHNIC, R = RELIGION. 
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Table 7.11 Full Order Tests-of-Fit of Models of Order K(Continued) 

Indices Order LR. OITSQ Indices Order LR. CHISQ 

(17) ocrs O-MEAN 4,652.20 (0.00) (18) OCZS O-MEAN 358.97 (0.00) 

824.80 (0.00) 1* 166.78 (1.00)* 

2* 85.46 (1.00)* 2 62.78 (1.00) 

3 17.34 (1.00) 3 8.19 (1.00) 

4 0.0 (1.00) 4 0.0 (1.00) 

(19) OCVS O-MEAN 2,955.39 (0.00) (20) OCYS O-MEAN 4,090.66 (0.00) 

301.68 (0.00) 1 681.27 (0.00) 

2* 43.92 (0.99)*1 2* 121.19 (1.00)* 

3 7.63 (0.99) 3 19.41 (1.00) 

4 0.0 (1.00) 4 0.0 (1.00 
1 1 

(21) OCTS O-MEAN 4,413.52 (0.00) 1 (22) OCZS O-MEAN* 393.57 (0.99)* 
1 1 

882.06 (0.00) 1 191.72 (1.00) 
1 1 

2* 98.93 (1.00)*1 2 73.10 (1.00) 

3 22.92 (1.00) 3 13.56 (1.00) 

4 0.00 (1.00) 4 0.0 (1.00) 

(23) DCVS O-MEAN 3,026.61 (0.00) (24) DCYS O-MEAN 3,743.53 (0.00) 

468.62 (0.00) 1 586.22 (0.00) 
1 1 

2* 66.38 (1.00)*1 2* 109.66 (1.00)* 
1 1 

3 12.13 (1.00) 1 3 26.11 (1.00) 
1 1 

4 0.0 (1.00) 1 4 0.0 (1.00) 

Probabilities are in parentheses. 

*Maxirm.nn K (order) at which model is not, significant, at probe = 0.05 (i.e. all 
orders greater 'than this max K are not needed in the model. 

o = OCQJP, D = DISEASE 
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all main effects and two-factor interactions i.e., all three-factor and 

higher order interactions are set to zero. 

The adequacy of fit of a model is tested by the likelihood ratio 

statistic, LR CHISQ (which for log-linear model is equivalent to the 

minimum discriminant information statistic (KU and Kullback 1974).· 

Decision Rule: RejeQt HO for the maximum K for which probe is 

less than 0.05, i.e. a model is significant for the maximum K for which 

the probe (of a more extreme result under HO) < 0.05. 

To put this in another way, a model is not-significant if prob > 

0.05. These tests help us judge the number of all significances attained 

when each effect and each model is tested separately. 

From Table 7.11, one can notice that with the exception of all 

models containing the index, ZDISTANT = Z, (i.e., subsets (indices) 2, 

6, 10, 14, 18, and 22) the maximum K (order) at which each model is not 

significant at probe = 0.05 is K = 2. That means, it may not be 

necessary to include any three-way interactions in the final model, 

according to this test, using our available data. 

Simultaneous Tests That all Interactions 
of the Same Order are Zero 

The difference between the test-of-fit of the models of full 

order K and order K-1 is a test that all K-factor interactions are 

simultaneously zero. The simultaneous tests of order K, for this sample 

survey data are presented in Table 7.12. The maximum K for which the 

simultaneous test is significant identifies the order at which some (but 

not necessarily all) of the K-factor effects are needed for an adequate 
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model. Therefore, one can compute differences between models of full 

o~der in Table 7.11 in order to test the hYP9thesis that all 

interactions of a given order are simultaneously zero in Tables 7.12. 

For example, in Table 7.12, the line beginning with order = 3 is the 

difference between the lines beginning with order 2 and order 3 in Table 

7.11, i.e. the CHI-SQUARES in Table 7.12 are the differences of CHI

SQUARES in Table 7.11. In this case, our null hypothesis, HO' becomes: 

HO: All K-factor interactions = O. 

Under the null hypothesis, the test statistics are asymptotically 

distributed as CHI-SQUARE. 

Decision Rule. Reject HO for the maximum K for which probe is 

less than 0.05, i.e., the simultaneous test is significant for the 

maxi mum K for which probe < 0.05. 

From Table 7.12 one can again notice that with the exception of 

subsets (indices) 2, 10, and 22, the maximum K (order) for which the 

simultaneous test is significant is K = 2 (prob < 0.05). That means, 

some (or all) two-factor interactions are necessary but the three-way 

interactions are most likely not necessary. 

Hence, on the basis of the above two tests, a model containing 

only one and two factor terms will provide a "simple" model that fits 

the current Danfa data under investigation. 

Tests of Partial and Marginal Association 

Brown (1976) proposed two ad hoc tests which can be used to 

determine the importance of an effect. These tests, called marginal and 

partial association, indicate the order of magnitude of the change in 



Table 7.12 Simultaneoos Tests That All K-Factor Interactions Are Simultaneously Zero 

Indices Order 

(1) ACTS 1 

2* 

3 

4 

(3) ACVS 1 

2* 

3 

4 

(5) GCTS 1 

2* 

3 

4 

(7) OCVS 1 

2* 

3 

4 

LR. CliISQ Indices 

2,965.74 0.000 (2) ACZS 

596.62 0.000* 

52.91 1.000 

20.70 1.00 

1,762.30 0.000 (4) ACYS 

170.87 0.000* 

44.83 0.983 

11.61 0.997 

3,714.79 0.000 (6) OCZS 

611.86 0.000* 

34.00 0.999 

8.68 1.000 

2,374.91 0.000 (8) OCYS 

197.50 0.000* 

21.13 0.909 

5.39 0.944 

Order 

1* 

2 

3 

4 

1 

2* 

3 

4 

2* 

3 

4 

2* 

3 

4 

LR. 0030 

130.20 0.000* 

93.61 0.717 

54.38 1.000 

15.78 1.000 

2,557.69 0.000 

355.34 0.000* 

94.20 0.999 

31.61 1.000 

181.76 0.000 

95.93 0.000* 

27.68 1.000 

3.59 1.000 

3,261.74 0.000 

309.52 0.000* 

43.30 0.993 

16.76 0.997 

*Maximum order K for which the test is significalt (JrOb. < 0.05). i.e., order at 
which sane or all K-order interactions are necessary. 
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Table 7.12 

Indices 

(9) ECTS 

(10) ECVS 

(13) RCfS 

(15) RCVS 

Sinultaneous Tests That All K-Factor' Interactions Are Simultaneously 
Zero Continued. 

Order 

2* 

3 

4 

2* 

3 

4 

2* 

3 

4 

2* 

3 

4 

I 
I 

LR. CHISQ I Indices O!"der 
I 
I 

3,826.40 0.000 I (10) ECZS 1* 

625.94* 0.000 2 

67.29 1.000 3 

19.35 1.000 I 4 

2,651.68 0.000 (12) ECYS 

122.48 0.000* 2* 

40.91 0.957 3 

8.30 0.999 4 

3,528.03 0.000 (14) RCZS 

547.27 0.000* 2* 

40.99 1.00 3 

11.66 1.00 4 

2,228.40 0.000 (16) RCYS 1 

112.99 0.000* 2* 

30.29 0.867 3 

4.13 0.999 4 

LR.ooSQ 

2C5.23 O.CXXl* 

85.68 0.062 

41.91 1.000 

13.56 1.000 

3,408.39 0.000 

310.53 0.000* 

70.09 0.999 

20.83 1.000 

185.53 0.000 

83.61 0.003* 

33.10 1.000 

6.73 1.000 

3,087.91 0.000 

242.63 0.000* 

46.26 0.999 

32.70 0.955 

*Maximun Order K for which the test is signifiC<l11t (prob. < 0.05) i.e., order at 
which sare or all K-order interactions are necessary. 
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Table 7.12 Simultaneous Tests That All K-Factor Interactions Are Sirrrultaneously 
Zero Continued. 

Indices Order LR. (}USC) Indices Order 

(17) ocrs 

(19) OCVS 

(21) OCTS 

(23) OCVS 

3 

4 

2* 

3 

4 

2* 

3 

4 

2* 

3 

4 

3,827.40 0.000 (18) OCZS 1 

739.34 0.000* 2* 

68.12 0.999 3 

17.34 1.000 4 

2,653.71 0.000 (20) OCYS 1 

563.71 0.000 2* 

36.27 0.989 3 

7.63 0.999 4 

3,531.46 0.000 (22) DSZS 1* 

783.13 0.000* 2 

76.01 1.000 3 

22.92 1.000 4 

2,557.99 0.000 (24)DCYS 1 

402.24 0.000* 

54.26 0.999 

12.13 1.000 

2* 

3 

4 

LR. ClITSQ 

192.18 0.000 

104.00 0.002* 

54.59 1.000 

8.19 1.000 

3,409.39 0.000 

560.08 0.000* 

101.79 0.944 

19.41 1.000 

201.86 0.000* 

118.61 0.208 

59.54 1.000 

13.56 1.000 

3,157.31 0.000 

476.56 0.000* 

83.55 1.000 

26.11 1.000 

*Maximum order K for which the test is significant (prob. < 0.05) i.e., order at 
which sorre or all K-order interactions are necessary. 
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Table 7.13 Tests of Marginal arxI Partial Association For Tenns of Order '!Wo. 

Indices Effect Partial .srl. Prob. Marginal (X 2) Prob. Necessary+ 

(1) ACfS AC 34.29 o. 192 35.50 0.156 

AT 26.57 0.186 27.61 o. 15 

AS 20.85 0.004** 21.09 0.004** Yes 

CT 509.49 0.000** 510.25 0.000** 

es 1.42 0.841 1.24 0.871 

TS 1.94 0.584 1.73 0.631 
---------------------------------------

(2) ACZS AC 19.14 0.406 31.28 0.305 

AZ 14.61 0.842 16.80 0.723 

AS 3.92 0.788 4.12 0.766 

CZ 39.85 0.000** 41.78 0.000** 

CS 1.17 0.883 1.11 0.893 

ZS 0.73 0.865 0.72 0.869 
---------------------------------------

(3) ACVS AC 38.82 0.084 45.40 0.020* 

AV 42.73 0.000** 48.64 0.000** Yes 

AS 23.17 0.002** 22.69 0.002** Yes 

CV 52.16 0.000** 58.67 0.000** 

es 1.32 0.859 1.44 0.837 

VS 0.57 0.449 0.02 0.882 
---------------------------------------

(4) ACYS AC 33.74 0.209 35.50 0.156 

AY 93.14 0.000** 93.87 0.000** Yes 

AS 21.96 0.002** 21.09 0.004** Yes 

CY 199.48 0.000** 200.46 0.000** 

es 1.87 0.759 1.24 0.871 

13 4.99 0.173 3.33 0.343 

II Significant at probe < 0.05 
** Highly Significant at probe < 0.01 
+ <A1ly interactions bet~n explanatory variables are of prime interest. 
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Table 7.13 Tests of Marginal and Partial Association For Terms of c:rder Two 
Continued 

Indices Effect Partial Jx2. Prob. Marginal Jx2. ~ Necessary+ 

(5) ccrs GC 22.26 0.035* 52.42 0.000** 

GT 20.60 0.015* 50.18 0.000** Yes 

GS 69.95 0.000** 65.25 0.000** Yes 

cr 432.13 0.000** 465.70 0.000** 

CS 2.18 0.702 1.45 0.835 

TS 3.50 0.320 2.~ 0.531 
---------------------------------------

(6) (l;ZS GC 12.09 0.439 11.11 0.519 

GZ 11.56 0.239 10.47 0.314 

GS 15.61 0.001** 15.24 0.002** Yes 

CZ 56.05 0.000** 55.26 0.000** 

CS 1.29 0.864 1.21 0.~6 

ZS 1.20 0.753 1.02 0.797 
---------------------------------------

(7) GCVS GC 36.50 0.000*1< 38.49 0.000** 

GV 19.89 0.00011* 23.65 0.000** Yes 

GS 73.64 0.000** 68.24 0.000** Yes 

CV 59.54 0.000** 65.40 0.000** 

CS 4.86 0.302 1.58 0.812 

VS 1.54 0.215 0.02 0.877 
---------------------------------------

(8) GCYS GC 42.31 0.000** 52.42 0.000** 

CY 19.43 0.022* 35.97 0.000** Yes 

GS 67.28 0.000** 65.::5 0.000** Yes 

CY 149.34 O.ooofif 162.32 0.000** 

CS 7.04 0.134 1.45 0.8351 

YS 3.04 0.386 3.88 0.275 
---------------------------------------

II significant at Prob. < 0.05. 
*11 Highly significant at probe < 0.01. 
+ 011y interactions bet~n explanatory variables are of Jl"ime interest 
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Table 7.13 Tests of Marginal and Partial Association For Terms of Q-der Two 
Continued 

Indices Effect Partial (X 2
) Prob. Mar~inal ~ Prob. Necessary'" 

(9) ECI'S EC 19.69 0.715 76.26 0.000** 

ET 36.85 0.006** 92.62 0.000** Yes 

ES 9.81 0.133 9.30 0.158 

cr 443.83 0.000** 500.05 0.000** 

CS 1.78 0.777 1.29 0.863 

TS 2.70 0.441 1.83 0.810 
---------------------------------------

(10) ECZS EC 18.44 0.781 12.88 0.968 

EZ 25.18 0.120 19.30 0.374 

ES 1.19 0.977 1.48 0.961 

CZ 50.25 0.000** 44.34 0.000** 

CS 0.87 0.929 1.13 0.889 

ZS 0.83 0.843 0.77 0.856 
---------------------------------------

(11) ECVS EC 42.88 0.010** 45.70 0.005** 

EV 4.08 0.666 6.96 0.325 

ES 11.07 0.086 11.03 0.088 

CV 57.24 0.000** 60.12 0.000** 

CS 1.50 0.826 1.47 0.831 

VS 0.01 0.925 0.02 0.881 
---------------------------------------

(12) ECY'S EC 46.53 0.004** 46.26 0.000** 

EY 27.90 0.064 57.97 0.000** Uncertain 

ES 9.05 0.171 9.30 0.158 

CY' 162.59 0.000** 191.59 0.000** 

CS 2.12 0.714 1.29 0.863 

YS 3.93 0.270 3.45 0.327 
---------------------------------------

if significant at Prob. < 0.05. 
H Highly significant at probe < 0.01. 
b G1ly interactions between explanatory variables are of Jrime interest 
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Table 7.13 Tests of Marginal and Partial Association For Terms of Q-der Two 
Continued 

Indices Effect Partial ex 2 ) Prob. Mar~inal 12Cl Probe Necessary+ 

'13) RCI'S RC 16.72 0.404 33.85 0.006** 

FIT 21.96 0.038* 38.24 0.000** Yes 

RS 10.67 0.031* 10.07 0.039* Yes 

cr 460.55 0.000** 477 .42 0.000** 

CS 1.47 0.832 1.38 0.847 

TS 2.91 O.lJ06 2.02 0.567 
---------------------------------------

(14) RCZS RC 21.36 0.165 18.32 0.306 

RZ 10.43 0.578 7.23 0.842 

RS 1.68 0.795 1.77 0.778 

CZ 54.15 0.000** 50.90 0.000** 

CS 1.17 0.883 1.19 0.880 

ZS 1.05 0.790 0.92 0.820 
---------------------------------------

(15) RCVS RC 22.57 0.126 23.83 0.093 

RV 12.38 0.015* 13.75 0.008** Yes 

RS 11.51 0.021* 11.37 0.023* Yes 

CV 62.31 0.000** 63.71 0.000** 

CS 1.63 0.803 1.53 0.821 

VS 0.03 0.864 0.0lJ 0.850 
---------------------------------------

(16) RCYS RC 26.69 0.0lJ5* 33.85 0.006** 

RY 20.30 0.062 28.17 0.005** lhcertain 

RS 9.97 0.0lJ1* 10.07 0.039* Yes 

CY 165.82 0.000** 172.28 0.000** 

CS 2.70 0.609 1.38 0.847 

Y3 4.37 0.225 3.75 0.290 
---------------------------------------
* significant at Prob. < 0.05. 
** Highly significant at probe < 0.01. 
+ Chly interactions between explanatory variables a-e of p-ime interest 
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Table 7.13 Tests of Marginal and Partial Association For Terms of Q-der Two 
Continued 

Indices Effect Partial (X 2) Prob. Marginal Jx 2} Prob. Necessary+-

(17) OCTS OC 38.25 0.033* 92.25 0.000** 

or 36.42 0.006** 90.41 0.000** Yes 

OS 107.20 0.000" 107.17 0.000** Yes 

cr 446.44 0.000** 500.05 0.000** 

CS 1.72 0.788 1.29 0.863 

TS 2.24 0.524 1.83 0.609 
---------------------------------------

(18) Eezs OC 23.64 0.482 22.53 0.548 

PZ 19.49 0.362 18.67 0.413 

OS 15.23 0.019* 15.65 0.016* Yes 

CZ 45.61 0.000** 44.34 0.000** 

CS 1.16 0.885 1.13 0.889 

ZS 0.50 0.919 0.77 0.856 
---------------------------------------

(19) OCVS OC 57.04 0.000** 61.72 0.000** 

ov 14.56 0.024* 18.84 0.004** Yes 

OS 120.12 0.000** 120.02 0.000** Yes 

CV 55.59 0.000** 60.12 0.000" 

CS 1.32 0.858 1.47 0.831 

VS 0.27 0.607 0.02 0.881 
---------------------------------------

(20) OCYS OC 62.28 0.000** 92.25 0.000** 

OY 163.61 0.000** 192.27 0.000** Yes 

Q'3 107 .81 0.000** 017.17 0.000** Yes 

CY 162.38 0.000** 191.59 0.000** 

CS 1.38 0.847 1.29 0,863 

13 4.85 0.183 3.45 0.327 
---------------------------------------
* significant at Prob. < 0.05. 
** Highly significant at probe < 0.01. 
+ O1ly interactions between explanatory variables are of p-ime interest 
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Table 7.13 Tests of Marginal and Partial Association For Terms of Q-cler Two 
Continued 

Indices Effect Partial <x 2
) Prob. Mar~inal teL Prob. Necessary+ 

(21) ocrs DC 69.83 0.008* 142.75 0.000** 

IJl' 38.28 0.242 110.88 0.000" Uncertain 

OS 53.48 0.000** 54.64 0.000** Yes 

cr 473.74 0.000** 545.49 0.000** 

CS 0.81 0.938 1.09 0.895 

1'3 1.43 0.699 1.42 0.701 
---------------------------------------

(22) DCZS DC 51.03 0.217 50.11 0.244 

DZ 26.66 0.775 25.22 0.831 

DS 6.04 0.871 6.47 0.840 

cz 35.79 0.000** 34.27 0.001** 

CS 0.66 0.956 1.01 0.908 

ZS 0.72 0.870 0.55 0.907 
---------------------------------------

(23) DCVS DC 109.06 0.000** 113.46 0.000** 

DV 172.85 0.000** 176.13 0.000** Yes 

OS 60.73 0.000** 61.75 0.000** Yes 

CV 50.58 0.000** 53.91 0.000** 

CS 0.21 0.995 1.33 0.857 

VS 0.03 0.868 0.02 0.887 
---------------------------------------
(24) DCYS DC 100.92 0.000** 142.75 0.000** 

DY 43.63 0.102 82.94 0.000** Uncertain 

DS 54.80 0.000** 54.64 0.000** Yes 

CY 191.38 0.000** 231.85 0.000** 

CS 0.10 0.999 1.09 0.895 

YS 4.48 0.215 2.96 0.399 
---------------------------------------

* significant at Prob. < 0.05. 
** Highly significant at probe < 0.01. 
+ O'lly interacticos between explanatory variables are of Jrime interest 
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the test-of-fit produced by entering the effect into the model. There

fore, they are used to categorize the effects 01" interactions by 

importance. 

Partial Association Test. The partial association test between 

K factors is defined as the difference between the tests-of-fit of the 

model of order K and the same model excluding the K-factor interaction 

of interest. That is, the test that partial K-factor interaction is 

zero. For example, the test that the partial association between A and 

B is zero in a four-way table with indices A, B, C, D is the difference 

between the fi t of the model (AB, AC, AD, BC, BD, CD) and the model (Ae, 

AD, BC, BD, CD) (i.e., the term AB is excluded in the second model). 

In this case, the null hypothesis, HO' is given by: 

HO: Partial Association between A and B is zero. 

Decision Rule: Reject HO if prob. < 0.05; i.e., the partial 

association test is significant if prob. < 0.05. 

Marginal Association Test that the marginal K-factor interaction 

is zero is defined as a test that the K-factor interaction is zero in 

the marginal table formed by these K factors. For example, the test 

that the marginal association between A and B is zero in a four-way 

table is obtained by calculating the difference between the tests-of

fi ts of the two models (AB) and (A, B) on the original frequency table. 

This is an unconditional test of the interaction, "AB, since it ignores 

the "effect" of the other variables, C and D. However, the above 

E~ii~l-~~~~£iaii~£ test is rather a conditional test of the 

interaction, "AB, adjusted for all other effects of the same order, 2, 

in this example. The above decision rule also applies here. 

The tests of marginal and partial association for only two-way 

interactions for our sample data appear in Table 1.13. Third order 

interactions are excluded because they are not significant when tested 
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for association and also on the basis of full order and simultaneous 

tests. 

According to Brown (1976), both tests can be used in several 

ways to select base models. A base model could be composed of all 

effects with significant tests of marginal association (i.e., probe < 

0.05), or of all effects with significant tests of partial association 

(i.e. probe < 0.05), or another strategy to include all effects 

significant according to both tests. 

In this study, both tests are simultaneously used to screen the 

various two-factor interactions in Tables 7.13 to determine whether they 

are: (1) necessary in the model for the data being used (i.e., both 

tests are highly significant, probe < 0.05), (2) not necessary (i.e., 

both tests are nonsignificant, probe > 0.05; or (3) "uncertain" or 

"questionable" (i.e., one test is significant and the other is not). 

A summary of this classification of interaction effects appears 

in the last column of Table 7.13. Due to theoretical and design 

constraints, only interactions between explanatory variables (i.e. 

excluding CHOICEA = C) are of prime interest. The above tests indicate 

that the following 17 effects or interactions are definitely needed in 

our discrete choice models: AS, AV, AY, GS, GV, GY, GT, as, OV, OY, OT, 

RS, RV, RT, DS, DV, and ET. 

Perhaps, these "uncertain" effects may also be included: DY, DT, 

RY, and EY. 



CHAPTER 8 

EMPIRICAL ANALYSIS OF THE DISCRETE CHOICE MODELS 
AND THE SUBGROUP DEMAND CURVE ESTIMATES 

For the purpose of selecting, from the different methods of 

statistical analysis described in Chapter 5, the most suitable for the 

analysis of medical care choice models the following factors will be 

taken into account: 

1. The use of ordinary least-squares regression methods to estimate 

the linear probability function allows predictions of the 

dependent variable to run outside the unit interval, thus 

destroying the probability interpretations. 

2. It is impossible to test the assumption of normality, on which 

Probit Analysis rests, since the threshold (or critical) values 

of the linear combination of independent variables are 

unobservable. 

3. Discriminant analysis can be used to produce estimates of 

probabilities and it was designed to solve classification 

problems; however, in discrete choice models the aim is not to 

classify individuals as belonging to one group or another. 

4. Logit analysis avoids the use of a stochastic error term and the 

necessi ty for assumptions about the distribution of the error 

term. 

200 
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5. In terms of their statistical properties, it is difficult to 

distinguish between the Probit and Logit analyses. Both are, 

however, better than Discriminant Analysis and the Linear 

Probability Function. 

In the light of the above observations, the Logit analysis is 

selected as the main analytical tool for the discrete choice models, 

since it is somewhat easier to work with and the results easier to 

interpret. However, in this chapter, the final analysis of our sample 

data will involve the use of Stepwise Logit Regression, Discriminant 

Analysis, and Multiple Regression to undertake three main 

investigations. The first will consider the use of Stepwise Logit 

Regression to select predictor variables and to estimate the parameters 

of the discrete choice model, equation (5.40), using: (i) individual 

and system characteristics alone; and (ii) various interactions of 

certain individual characteristics selected on the basis of the 

Association tests in the previous chapter. The second investigation 

will use a Stepwise Discriminant Analysis Program to determine which 

variables or attributes discriminate best among groups or to find a 

subset of explanatory variables that maximizes group differences. 

Finally, the derivation of an empirical demand curve for medical care 

with total medical expenditures as dependent variable, using Multiple 

Regression techniques, will be examined. 

This chapter also presents the empirical results of some of our 

efforts above in terms of the parameter estimates, measures of the 

statistical reliability of the parameter estimates (i.e., t-statistics), 

various measures of the ability of model to explain the data (e.g., R2-
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values, likelihood ratio tests), and measures of the sensitivity of the 

choices modeled to changes in the different policy variables. 

Empirical Estimates of the Logit Choice Hodel 

In this section, two groups of choice models will be presented, 

Le., models with and without two-factor interactions. The variables 

included in these two groups of models represent combination of 

variables and variable forms which reflect different hypotheses about 

the way in which an individual, seeking treatment, chooses a particular 

source of treatment. That is, they represent variables indicating the 

individual's: 

1. Need and/or perception; 

2. Ability to secure care; and 

3. Willingness to secure care. 

Initially, no attempt will be made to compare these two groups 

of models in terms of their statistical efficiency, but they will all be 

closely examined to ensure that the models do not have undesirable 

implications. SpeCifically, there is a need to consider the effects of 

small changes in the explanatory variables on the dependent variable, 

which is the probability of choosing a particular source of treatment. 

Should the inclusion of the explanatory variable be unjustified or the 

sign of the co-efficient be incompatible with the underlying hypothesis, 

then changes in the independent variables will produce implausible 

effects on the dependent variable. 

For ease of presentation, the variables are identified by their 

computer-acceptable names. A glossary of these names are presented in 
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Table 7.7 and 8.1. The basic empirical results of the Logit Choice 

Models are presented in Tables 8.2 through 8.11. 

The basic Logit Choice Model was estimated using the maximum

likelihood method with a computer program available in the BMDP 

Statistical Software (1981). The BMDP program selects predictor 

(independent) variables in a stepwise manner and estimates the 

coefficients of the Logit Model. 

A number of different empirical Logit Choice Models were 

investigated. That is, Logit Choice Model, including: 

1. No interactions of independent variables, with emphasis on 

"ability" variables, or system characteristics; 

2. No interactions of independent variables with emphasis on 

"willingness" variables, or 

3. Interactions of explanatory variables with SEX; 

4. Interactions of predictor variables with VDURATIL. 

A summary of the stepwise results of the 'Best' subsets of 

predictor variables are given in Tables 8.2, 8.5 and 8.7 for each model 

above respectively. 

Model outputs, at each step, include, the log-likelihood and the 

results for the following tests: 

1. Goodness-of-fit Chi-square: Used to test the null hypothesis 

that the model at that step fits data adequately. 

2. 'Hosmer' Goodness-of-fit Chi-sguare: Used to compare observed 

and predicted frequencies of ten cells defined by the predicted 

values. 
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Table 8.1 A Glossary of Computer Names of New Variables For Estimating 
Choice and Demand Models (i.e., Ability Variables). 

Variable 
Name 

1. MAVX 

2. PAVX 

3. TAVX 

E x P I a nat ion 

Area average cost of medication at own source of treatment 

Area average cost of consultation at own source of treatment 

Area average cost of travel at own source of treatment 

Drug Seller (4, 5, & 6) 
4. MDRUG Area average cos~ of medication at substitute source 

5. PDRUG Area average cos~ of consultation at substitute source 

6. TDRUG Area average cost of ~ravel at substitute source 

Herbalist (7, 8, & 9) 
7. MHERB Area average cost of medication at substitute source 

8. PHERB Area average cost of consulta~ion at substitute source 

9. THERB Area average cost of ~ravel at substi~ute source 

Clinic (10, 11, & 12) 
10. MCLIN Area average cost of medication at substitute source 

11. PCLIN Area average cost of consultation at substitute source 

12. TCLIN Area average cost of travel at substitute source 

13. MINDX Area index of medication cost 

14. PINDX Area index of consultation cost 

15. TINDX Area index of travel cost 

Classification of Predictor Variables 

1. Need/Perception Variables: Age, Sex, Literacy 

2. Ability Variables: Occup, Mavx, Pavx, Tave, MDrug, PDrug, TDrug, 
MHerb, PHerb, THerb, MClin, PClin, Telin, MindX, PindX, TindX, 
PersonX, MedicalX, XTravel. 

3. Willingness Variables: Grade, YDaysLos, VDura~il, QDisaday, 
Disease, Religion, E~hnic, Hinject, Wrestday 
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Table 8.2a Stepwise Results of "Best" Subsets of Predictor Variables 
Selected for the Logit Choice Model With Area Average Costs 
(i.e., with Emphasis on Ability Variables or System 
Characteristics) 

-- N 0 I N T ERA C T ION S --

DRUG 
§ill FAMILY SELLER HERBALIST CLINIC 

MAVX MAVX MAVX MAVX MAVX 

TDRUG AGE TAVX TAVX PAVX 

PDRUG YDAYSLOS MCLIN PAVX TCLIN 

AGE VDURATIL MCLIN 

YDAYSLOS AGE 

VDURATIL YDAYSLOS 
Log 
Like- -74.16 -92.44 - 0.01 -96.12 
lihood 

LR CHI-
SQUARE 148.33 ( 1 "00) 184.88 (1.00) 30.28 (1.00) -- 192.25 (1.00) 

HOSMER 
QHISQ. 3.18 (0.37) 2.47 (0.29) 38.42 (0.00) 

BROWN 
CHISQ. 0.94 (0.63) 1.89 (0.39) 4.95 (0.08) -- 1,634.98 (0.00) 
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Table 8.2b Stepwise Results of "Best" Subsets of Predictor Variables 
Selected for the Logit Choice Model Wit.h Emphasis on 
Willingness Variables or Individual Characteristics. 

N 0 I N T E R ACT I o N S-

DRUG HERB-
SELF FAMILY SELLER ALIST CLINIC 

YDAYSLOS YDAYSLOS YDAYSLOS YDURATIL YDAYSLOS 

YDURATIL VDURATIL VDURATIL AGE DISEASE 

QDUSADAY AGE MAVX QDUSADAY ETHNIC 

DISEASE RELIGION OCCUP LITERACY 

GRADE ETNHIC 

Log 
Likli-
hood -346.03 -92.58 -149.77 (1.0) -202.81 

LR CHI-
SQUARE 679.16 (0.97) 176.54 (1.00 ) 229.56 (0.63) 397.32 (1.00) 

HOSMER 
(0.00) 8.33 (0.32) 4.12 (0.09) 4.47 (0.07) 5.15 (0.42) 

BROWN 
CHISQ. 1.94 (0.64) 1.35 (0.93) 12.85 (0.01) --- 2.78 (0.26) 

In parenthesis are probability values for each chi-square test. 
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Table 8.3 Parameter Estimates for Logit Choice Model With Emphasis on 
System Characteristis or Area Average Costs at Own and 
Substitute Sources of Treatment 

Explanatory 
Variables SElF FAmLY DROO SElLER HERBALIST CLINIC 

1. MAVX 9.23 (4.26)** 0.28 (1.86) -6.91 (3.21)** -35.10 (0.00) -1.54 (8.82)** 

2. TAVX -15.50 (3.41)** -23.80 (0.00) 

3. PAVX -62.00 (0.00) -0.25 (5.19)** 

4. MDROO 

5. TDROO 1.00 (1.49) 

6. PDRUG -1.45 (2.14)** 

1. MHERB 

8. THERB 

9. PHERB 

10. MCLIN 1.21 (2.61)** 96.80 (0.00) 

11. TCLIN 4.90 (6.59)** 

12. PCLIN 

..... ' 13. AGE 

Under 16 0.89 (0.35) 5.59 (0.93) -1.48 (0.00) 
16 - 20 -0.19 (0.08) -0.86 (0.01) -6.99 (0.00) 
21 - 30 -15.87 (0.36) 6.10 (0.01) -1.62 (0.00) 
31 - 40 0.83 (0.34) -1.85 (1.38) -6.39 (0.00) 
41 - 50 -0.99 (0.38) -1.15 (0.11) -0.49 (0.00) 
51 - 60 0.94 (0.88) 0.94 (0.39) 14.20 (0.00) 
Over 60 2.12 (0.88) -2.16 (2.06)** -6.84 (0.00) 

14. YDAYSLOS 0.35 (4.96)** -0.28 (3.85)** -0.01 (0.00) 

15. VOORATIL -0.52 (1.98)** 0.61 (2.41)** 0.001 (0.00) 

16. GRADE 0.001 (0.00) 
COOsrANT -15.90 (2.39)** 6.39 (5.15)** 20.10 (3.11) -144.00 (0.00) -10.30 (5.32)** 

In parentheses are student t-values. 

!t*T-values significant at 5 percent level. 
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Table 8.4 Parameter Estimates for Logit Choice Model (With Emphasis on 
Willingness Variables) or Individual Characteristics 

Explalatory Salrce of Treatlrent 
Variables SElF FAMILY -oRlt Sw..ER HER8AUST CLINIC 

1.~ 0.258 (7.Cm" -o.2Z3 (3.22)" -0.175 (3.99) -0.193 (II.TT)" 

2.~(New) -0.628 (5.36) 0.560 (2.28)" 1.33 (5.05)" -o:no (1.07) 

3.JIGE 
Uiider 16 6.111 (0.00) -a>.3 (0.73) 
16<0 -1.10 (0.72) -16.8 (0.59) 
21-3> 6.16 (1.20) -7.119 (0.00) 
31..l10 -1.82 (1.115) 21.6 (0.00) 
41-50 -1.110 (0.00) 41.3 (0.37) 
51-60 -1.22 (0.85) 21.5 (0.00) 
Over 60 -2.95 (2.117)" -19.8 (0.71) 

4.~ 0.3111 (1.88) -0.531 (0.65) 

5. DISEASE 
~ -0.003 (0.2ll -1.39 (0.27~ 
~e-£ar -0.559 (0.50) -1.16 (0.22 
Highblood 1.110 (11.56)" -3.15 (0.61) 
kthna -1.580 (2.86)" 0.23 (0.04) 
Stamch 0.0911 (0.32) 0.)) ~0.06~ 
8>115 0.037 (0.12) -1.24 0.24 
Waist pain 0.1IlI9 (0.80) -0.93 (0.18) 
JaI'ldice 0.395 (0.38) 8.38 (0.18) 
Dizziness 0.026 (0.06) -1.92 (0.37) 

6.~ 8.243 (3.39)" 0.246 (1.71) -6.086 (3.95)" -0.170 (4.92)" 

7. !'&! -14.95 (3.113)" 7.70 (2.19)" -0.32'1 (4.23)" 

8. TAVX -1.79 (2.25) 
!:lm'rANl' -1.98 (8.81)" 8.11 8(6.82)" 3.79 (12.8)" 36.7 (0.00) 3.20 (0.62) 

9.~ 0.C1.i7 (2.14)" 

10. E1llIllC 
~ -2.C1.l (0.00) 0.6117 (1.46) 
EUe -6.05 (0.00) -1.21 (2.04)" 
Akwapin 7.22 (0.00) -0.67 (0.99) 
Ashalt1 -17.3> (0.00) -0.65 (0.82) 
Fanti -13.9 (O.SO) 0.93 (2.60)" 
Ibthern 44.9 (0.8ll 0.37 (1.06) 

11. REUGlOO 
~t -1.55 (0.00) 
catholic 01.89 (2.61)" 
Ibslem -2.111 (2.88)" 
'Jraditional 6.88 (3.116)" 

12. CXXlJP 
lIOt"Acti ve 11.5 (0.02) 
tklenployed -lJ.7 (0.06) 
&!b Profes:rlooal 0.48 (0.00) 
Sale:m!n -0.02 (0.01l 
FIII'1Jl)f' 10'3 ~0.02~ 
1rt1!!an -2. 1 1.110 

13.UTERACY 
~ 1.34 (2.15)" 
~'t -0.43 (1.36) 
Ncu-Can -0.112 (0.96) 
Ncu-Can't -0.50 (1.59) 
Past-Can -0.00 (2.98)" 

In p<rentheses are stuJent t-valJJes. 
I"T-'Ial.ues signif1CC1lt at 5J level. 
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Table 8.5a Stepwise Results of 'Best' Subsets of Predictor Variables 
Selected for the Logit Choice Model with Interactions--Sex 

SELF 

DISEASE(D) 
LITERACY(L) 
ETHNIC(E) 

FAMILY 

AGE (A) 
SEXeS) 
GRADE(G) 
OCCUP(O) 
DISEASE(D) 
LITERACY(L) 
ETHNIC(E) 
E(*)SEX 

DRUG SELLER 

SEXeS) 
OCCUP(O) 
DISEASE(D) 
ETHNIC(E) 
O(*)SEX 

HERBALIST 

AGE (A) 
SEXeS) 
GRADE(G) 
RELIGION(R) 
OCCUP(O) 
DISEASE(D) 
LITERACY(L) 
ETHNIC(E) 
A(*)SEX 
G(*)SEX 
R(*)SEX 
O(*)SEX 

CLINIC 

OCCUP(O) 
DISEASE(D) 
LITERACY(L) 
ETHNIC(E) 



Table 8.5b Tests of Gxxiness of Fit Chisquare for LDgit Choice fudel-Inter~tions (SEX) 

SElF FAMILY DRlri SEllER HERBAUSI' CLINIC 

LDg Likelihood -392.423 -80.75 -163.98 -5.41 -233.49 

L Ratio O1i-square + 636.66 (0.60) 123.54 (1.00) 266.96 (1.00) 4.23 (1.00) 392.8 (1.0) 
Hosner G.O.F. 

Chi-square+- 9.92 (0.13) 2.82 (0.24) 2.96 (0.56) 7.28 (0.29) 

ITOW'! G.O.F. O1i-square+- 1.31 (0.52) 4.35 (0.11) 1.36 (0.51) 81.50 (0.0) 4.31 (0.11) 

+In parentheses are PRCB-values for e~h chi-square test. 
(*)-Indicates interactions are stated with asterisks in parentheses connecting the nares of the variables. 

N 
f-' 
a 
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Table 8.6 Parameter Estimates of Logit Choice Hodel With Interactions--
SEX 

Explalatory Sotrce of Treatment 
Variables FAMILY --oou:; SillER IlER!lAUSl" CLINIC 

1. DISEASE 
Fever 0.374 (1.68) -2.00 (0.25) -1.75 (0.31) -2.'ZT (0.23) -1.34 (0.22) 
E¥e-Ear -0.623 (0.64) 4.49 (0.11) 6.01 (0.13) 1.16 (0.03) -1.34 (0.22) 
Highblood 0.979 (2.79)" 4.09 (0.20) 6.10 (0.28) -11.50 (0.29) -2.76 (M5) 
.Asttma -1.640 (3.28) .... -2.'ZT (0.28) 0.52 (0.09) 6.80 (0.46) 0.59 (0.09) 
Statach -0.108 (0.38) -2.01 (0.25) -1.62 (0.29) -9.10 (0.90) 0.21 (0.04) 
!hils 0.345 (1.22) -4.07 (0.50) -1.41 (0.25) 16.10 (1.04) -1.02 (0.17) 
Waist pain 1.02 0.85) 4.44 (0.13) -3.32 (0.58) -4.93 (o.a)) -0.55 (0.09) 
JW1d1ce 0.015 (0.01) 1.91 (0.04) -2.55 (0.44) -0.76 (0.01) 6.65 (0.12) 
Dizziness 0.292 (0.75) -2.02 (0.25) -0.64 (0.11) 2.59 (0.13) -1.53 (0.25) 

2. SEX (Male) 0.61 (0.12) 0.46 (0.72) 6.11 (0.26) 

3. AG: 
Under 16 4.70 (0.23) -9.61 (0.60) 
16-20 -0.92 (0.26) -7.63 (1.09) 
21-3> 5.40 (0.42) 5.06 (0.35) 
31-40 -1.25 (0.36) 6.44 (0.54) 
41-50 -0.21 (0.06) 4.00 (0.28) 
51-60 -0.21 (0.06) -1.78 (0.25) 
Over 60 -2.46 (0.70) -3.3> (0.21) 

4.~ -0.18 (1.21 ) 2.67 (0.64) 

5. RELIGION 
~t 1.04 (0.12) 
Qrt:hol1c -1.61 (0.24) 
Ho.slEIII -1.38 (o.al) 
Trad1 tiona! 6.02 (0.32) 

6. occuP(I)SEX 
Not Active(·)~n 3.64 (0.31) .. <11.5 (0.62) 
lhaJployed(')~n -5.69 (0.00) -6.22 (0.00) 
aabProf.(·)~n -0.64 (0.95) -2.71 (0.20) 
Sale:mm(') r-at 0.23 (0.00) 0.66 (0.02) 

Fanrer(')~n 2.74 (0.14) 1.67 (0.04) 
1.rt1san(·)~n 0.26 (0.01) 12.10 (D.69) 

7. Ll'I'ERAC'i 
~ -0.032 (0.09) 6.16 (0.28) 0.546 (1.01) 
Never--Can't 0.285 (1.30) 0.99 (0.20) -6.80 (0.49) -0.346 (D.60) 
~ 0.098 (0.34) -0.62 (0.16) -13.50 (D.69) -0.353 (0.60) 
~'t -0.177 (0.64) 0.11 (0.02) -11.50 (0.66) -0.239 (0.51) 
Past-Can -0.694 (3.93)"-1.29 (0.03) 13.20 (0.86) -0.670 (2.79) 
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Table 8.6 Parameter Estimates of Logit Choice Model With Interactions--
SEX Continued 

Explmata-y SalI're of Treatlrent 
Variables FAMILY --oRffi SEllER 

8. E'IHNIC"SI:X 
GlPhla(·)~n ..{I.2'l (0.47) 
EloIe(·)~n -6.21 (0.33) 
1Ikwap1n( ')~n 3.45 (0.00) 
Ashalti(I)~n 1.19 (0.04) 
Fant1(·)~n ..{I.01 (0.003) 
N:rlhern(I)~ 3.01 (0.36) 

9. RELIGION(I)SEX 
Protestant (. )!-En 
cathol1c(I)~n 
Ho3lem(I)~n 
'ITOO1t100al(·)~n 

10. CXXlJP 
NOtACtive 5.ar (0.36) 2.70 (0.23) 
U1mployed ..{I.56 (0.02) ~.33 (0.00) 
&lbProfessional -3.3) (0.00) -0.67 (0.59) 
Salesren -2.86 (2.71)" -1.41 (0.96) 
Farner 1.14 (0.00) 1.63 (0.08) 
Artisan 2.28 (0.10) 6.14 (0.28) 

11. J\GE(I)SEX 
lklder 16(·)~n 
16-20(I)M!n 
21-30(I)~n 

31-40(·)~n 
41-50(·)~n 
51-60(·)~n 
Over 6O(1)~n 

12. E'IHNIC 
~ 0.086 (0.3) -2.'37 (0.47) -1.79 (3.24)" 
S/e 0.253 (0.50) 0.93 (0.05) 6.60 (2.59)" 
Akwt¢n 0.834 (1.66) 0.34 (0.00) -1.16 (1.03) 
k!ha1ti 0.205 (0.30) 3.79 (0.13) -0.94 (0.71) 
Fanti -0.53) (2. 17> 1Il..2.49 (0.50) -0.70 (0.00) 
tb1:hern ..{I.380 (1.48) 1.31 (0.16) -1.16 (2.22)" 

13. GRAOC(I)SEX 

14. CCNSTANT ..{I. 877 (3.'37)"14.1 (1.25) 5.81 (1.00) 

In pa-entheses are stu:!ents' ~values. 
"Indicates t-values a-e sign1f1caJt at 5~ level. 

IIERIWlST a.INIC 

..{I.22B (0.03) 
1.81 (0.26) 

-2.90 (0.17> 
1.62 (0.09) 

12.9 (0.76) -2.Z7 (2.78)" 
1.01 (0.03) 5.74 (1.87) 
4.39 (0.35) -1.60 (2.10)" 
~.85 (0.24) -2.Q3 (2.52)" 

-11.0 (0.21) -3.10 (0. eX» 
-9.18 (0.49) 4.82 (0.00) 

11.96 (0.72) 
6.96 (1.02) 

-3.75 (0.26) 
1.96 (0.17) 

-3.38 (0.23) 
-3.39 (0.47) 
-1.82 (0.12) 

2.93 (0.11) 0.333 (0.83) 
-3.33 (0.09) ..{I.693 (1.16) 
:'1.98 (0.22) ..{I.98 (1.66) 
~.oo (0.03) ..{I.70 (0.87) 
..{I.79 (0.(1) 0.89 (2.71)" 
-0.50 (0.Q3) 0.45 (1.38) 

-2.01 (0.50) 

10.4 0.38) 4.15 (0.68) 

(I)-IndiCates interactions are stated with astErisks in parentheses comect~ the nare:s of the viriables. 
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Table 8.7 Stepwise Results of 'Best' Subsets of Predictor Variables 
Selected for the Logit Choice Model with Interactions-
VDURATIL 

SELF FAMILY DRUG SELLER HERBALIST CLINIC 

VDURATIL (New) AGE VDURATIL(New) AGE VDURATIL (New) 

DISEASE VDURATIL DISEASE VDURATIL GRADE 

LITERACY RELIGION ETHNIC GRADE OCCUP 

D(*)VDURATIL RELIGION DISEASE 

OCCUP ETHNIC 

DISEASE O(*)VDURATIL 

LITERACY 

ETHNIC 

A(*)VDURATIL 

R(*)VDURATIL 

D(*)VDURATIL 



Table 8.8 Test of Goodness of Fit Chisquare for Logit Choice Model With Interactions (VOORATIL) 

SElF FAMILY DRill SEllER HERBALISl' CLlNIC 

Log Likelihocx:l -370.22 -94.97 -155.91 -5.92 -233.28 

L Ratio Chlsquare+ 602.30 (0.91) 149.06 (1.00) 258.90 (1.00) 4.57 (1.00) 405.20 (1.00) 

Hosner G.O.F. O1i-square+ 1.07 (0.99) 1.95 (0.37) 1.75 (0.63) 5.28 (0.63) 

ErCMl G.O.F. O1i-square+ 0.40 (0.82) 2.00 (0.35) 6.80 (0.03) 104.27 (0.00) 2.87 (0.24) 

+In parentheses are PROB-values for each chi..,square test. 

(*)-Indicates interactions are stated with asterisks in parentheses connecting the nares of variables. 

t.) 
I-' 
-I'-
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Table 8.9 Estimates of Logit Choice Model Parameters With Interactions-
VDURATIL 

Expl.a1atory Soo..rce of Treatment 
Va-iables SELF FAMILY --DRlXi ::illER IERBAl.IST a..INIC 

1. VOORAm (New) -1.49 (0.21) 0.63 (2.59)1' 1.23 (4.56)" 0.58 (0.02) -0.66 (2.06)" 

2.J\GE 
Under 16 4.94 (0.94) -8.01 (0.33) 
16-20 -1.40 (0.99) -2.65 (0.13) 
21-:Jl 6.09 (0.00) 3.00 (0.18) 
31.Ji0 -1.66 (1.35) 6.62 (0.41) 
41-50 -0.90 (0.00) 3.05 (0.21) 
51-60 -0.90 (0.64) 0.08 (0.06) 
Over 60 -2.60 (2.21)" -4.42 (0.21) 

3.~ 2.11 (0.60) -0.10 (2.87)" 

4. DISEASE 
FeVer 1ST (0.23) -1.09 (0.19) 7.94 (0.46) -1.15 (0.19) 
~e-Ea:r -2.09 (0.08) 5.70 (0.13) 5.63 (0.11) -1.56 (0.25) 
Hishblood -1.94 (0.00) 4.96 (0.23) -12.0 (0.24) -2.75 (0.1l5) 
Asttma -3.70 (0.18) -0.03 (0.005) 2.00 (0.08) 0.46 (0.08) 
Stonach 1.1j1j (0.21) -1.08 (0.19) -6.73 (0.112) 0.1)} (0.02) 
Ibils 1.22 (0.18) -0.75 (0.13) 5.50 (0.30) -0.88 (0.15) 
Waist pain -1.91 (0.19) -2.34 (0.112) -4.01 (0.05) -0.23 (0.04) 
Jarx11ce 2.23 (0.05) -3.11 (0.54) -4.17 (0.05) 6.71 (0.12) 
Dininess 1.50 (0.22) -0.17 (0.03) 4.70 (0.22) -1.52 (0.25) 

5. RFl.IGION 
~t -1.47 (0.00) -6.64 (0.16) 
cath:U1c -1.97 (2.78)" 1.24 (0.09) 
Jobslem -2.32 (2.77>" 6.60 (0.35) 
'1l-a:I1tIonal 6.74 (3.42)" 1.95 (0.10) 

6. miNIC 
~ -1.67 (0.00) 0.69 (0.04) 0.40 (1.01) 
EUe 6.38 (2.43)" -3.65 (0.11) -0.74 (1.26) 
~1n -0.89 (0.79) -0.78 (0.02) -0.85 (1.45) 
k!ha1tI -1.11 (0.89) 2.29 (O.OS) -0.71 (0.88) 
Fanti -0.00 (1.1jIj) 0.60 (0.04) -0.76 (2.35)" 
N:rthern -1.09 (2.00)" 1.35 (0.09) -0.49 (1.47) 

7. AGEtIIJOORAm 
lklder 16(I)New -4.00 (0.20) 
16-2Q(1)1lew 0.13 (0.06) 
21-30(1)1lew -2.23 (0.14) 
31.Ji0(1)1lew 4.10 (0.26) 
41-50(1)/lew -0.14 (0.01) 
51-60(0)1lew -2.99 (0.22) 
Over 6OCI)New -3.23 (0.15) 
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Table 8.9 Estimates of Logit Choice Model Parameters With Interactions-
VDURATIL Continued 

Explmatory Source of TreatllB'lt 
Variooles FAMILY --DRlG SElLER IIDlBAUSI' a.INIC 

B. D"VDJRA'ln. 
Fever( ')New 0.91 (0.13) B.52 (0.51) 
Eye-f.ar(' ) New -3.46 (0.13) -11.2 (0.22) 
Hi~lood(I)New 5.87 (0.63) 4.87 (0.10) 
Asthra( I) New 5.19 (0.26) 4.36 (0.16) 
Stamch(I)New 1.26 (0.18) -11.9 (0.70) 
1b1ls(')New 0.49 (0.D7) 0.20 (0.01) 
"'aist paine I)New -2.99 (0.00) 0.33 (0.004) 
Ja.ndl.ce(I)New -7.55 (0.17) -2.63 (O.Q3) 

Dizziness ( I) New 0.74 (0.11) 1.44 (0.07) 

9. ocaJP 
Not Active 1.17 (0.06) -1.55 (0.98) 
Ulerrployed -3.0B (0.06) -0.85 (0.55) 
SJb Professional 4.77 (0.37) -0.85 (0.55) 
Salesren -10.9 (O.Bll -1.20 (0.75) 
Fanrer -6.01 (0.46) 5.52 (0.00) 
Artisan -6.01 (0.46) 5.52 (0.00) 

10. L1TERAC'{ 

~ -0.01 (0.28) 11.5 (0.59) 
Never can't 0.33 <1.45) -0.34 (0.02) 
New Can 0.11 (0.36) -16.00 (0.07) 
New Can't -0.16 (0.76) -12.00 (0.55) 
Past Can -o.1f7 (2.59)" 14.70 (0.73) 

11. O'VOOMTIL 
Not Active(')New 0.48 (0.9B) 
lheI1ployed( II)New -0.50 (0.00) 
SJbProf. (I)New 0.98 (2.74)" 
Salesren(e)New 0.75 (0.00) 
Fanrer( I)New -3.74 (3.53)" 
Artisan(' ) New 0.99 (0.00) 

12. R'VOORATn. 
Protestart; ( I)New -6.48 (0.45) 
CatInl.i c( II)New -2.42 (0.19) 
I'bslem(' ) New 9.9Il (0.52) 
Traditional(I)New -0.96 (0.05) 

13. a:wI'ANT -2.79 (0.41) 7.41 (6.30)11 5.30 (0.94) 7.53 (0.27) 4.04 (0.64) 

In parentheses a"e stu:lents' t-values. 
"Indicates t-values are Sign1f1ca1t at 5~ level. 
(Il-Indicates interactions are stated with asterisks in p<rentheseS ccmecting the nanes of the va"iables. 



Table 8.10 Rank of Variables/Attril:ut~ in Tenns of Choice Fascination 

Type of Source of Treatment (Positive Significant Coefficients 
I..ogi t M:xiel SELF FAt1ILY DRUG SEl.lER HERBAUST CLINIC 

1. No interactions MAVX VIAlratil TAVX TClin 
(enphasis on YDaysI..ost 
ability) 

(Log-Like1ihood) -74.16 -92.44 -0.01 -96. 12 

2. No interactions Highblcod Traditional VLUratil (New) Never-Can 
(enphasis on YDays Lost Vfuratil (New) Fanti 
willingness) Grade 

(Log-Likelihood) -346.02 -90.56 -149.77 -13.90 -202.81 

3. With SEX Highblood Ewe Fanti 
Interactions 

(Log-Likelihood) -392.423 -80.75 -163.98 -5.41 -233.49 

4. With Ewe &lbProf. *New 
VDURATIL Traditional Vfuratil (New) 
Interactions VDuratil (New) 

(LDg-I.ikelihx>d) -370.22 -94.97 -155.91 -5.92 -233.28 

N ..... 
...... 



Table 8.11 Rank of Variables/Attritutes in Terns of Choice Avoidance 

Type of Source of Treatment N~ative Significant Coefficients 
Logi. t Mxlel SElF FAMILY DRUG SEllER HERBAlJST CLINIC 

1. No interactions PIrug YDayLost Mavx Mavx 
(EiTl>hasis on VIAlratil Age over 60 Mclin Pavx 
ability) 
(ITam's CHISQ) 0.94 (0.63) 1.89 (0.39) 4.95 (0.08) 1,634.98 (0.00) 

2. No interactions Asthna Age over 60 YDays Lost Ewe 
(Eiqilasis on Vfuratil (New) MJslan Past-Ccm 
ability) CatOOlic 

YDaysLost 
(Pram's CHISQ) 0.94 (0.62) 0.36 (0.83)+ 13.18 (.001) 2.74 (0.25)+ 

3. With SEX Asthna Salesnen Ga-Ada Not Active 
Interactions Past-Can Northern SaleSIen 

Fanti SubProfessional 
Past-Can 

(PrOWl'S CHISQ) 1.31 (0.52) 4.35 (0.11) 1.36 (0.51)+ 81.50 (0.0) 4.31 (0.11) 

4. With VDURATIL Past-Can Age over 60 tbrthern Fanrer*New 
Interactions MJslem Fanti 

Catholic VIAlratil (New) 
Grade 

(PrOYll'S CHISQ) 0.40 (0.82)+ 2.00 (0.35) 6.80 (0.03) 104.27 (0.00) 2.87 (0.24) 

+J3est Logic O1oice t-bcIel in terns of the highest PROB-value (in brackets). N ...... 
OJ 
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Decision Rule: A small PROB-value means that predicted values 

do not fi t the data. 

3. "Brown" Goodness-of-fit Chi-square: [See Prentice (1973)]--used 

to compare the fit of data to the Logit Choice Model. 

Decision Rule: A small PROB-value indicates that the Logit 

Choice Model is not appropriate for the data under investigation. 

A summary table of the above test statistics for each final step 

is presented in Tables 8.2, 8.5 and 8.8 for each model above 

respectively. With the exception of the modal choice--HERBALIST--the 

results indicate that predicted values do fit the data and also the 

Logit Choice Model is appropriate for the data under investigation with 

little doubt about the modal choice DRUG SELLER (with emphasis on 

"willingness" variables) and CLINIC (with emphasis on "abili ty" 

variables) and 0.00 respectively. 

The remaining model output produced with the above program--the 

estimate parameters/coefficients and their t-values--are reported for 

each final step in Tables 8.3, 8.4, 8.6 and 8.9. In these tables, all 

the explanatory variables were selected using Stepwise Regression 

Analysis which seeks out those variables with the best or strongest 

statistical relationship to the dependent variable--CHOICE. At each 

step, the set of coefficients B for the included variables are estimated 

as the value that maximizes the likelihood function. After estimating 

a decision is made whether to enter or remove any variable in the next 

step. This decision is based on MLR - the log of the ratios of 
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maximized likelihood function, from which an approximate X2 value = 

2!log(L( B current)/L(B candidate» I and PROS-values are computed. 

The variable with the largest PROS-value is removed if its PROS

value is > specified REMOVE limit, e.g., 0.15. If not, the term with 

the smallest PROS-value is entered if its PROS-value is < ENTER limit, 

e.g., 0.10 by convention. 

To interpret these results in Tables 8.3, 8.4, 8.6 and 8.9, it 

is essential to note that if the coefficients of a variable have a 

positive sign it indicates that the probability or the likelihood of 

choosing that particular source of treatment increases whilst negative 

signs clearly imply a reduction in the odds of selecting that mode. For 

instance, in the case of a continuous or internal variable, e.g. YDAYLOS 

(in Table 8.3)--a parameter which measures the effect of an increase in 

the number of days lost from school or \Olork on the odds of selecting a 

particular source of treatment--resul ts in Table 8.3 indicate that as 

number of days lost increases the odds of choosing a FAMILY care for 

treatment goes down whilst the likelihood of adopting the method of 

SELF-treatment increases. However, in the case of a categorical 

variable, e.g., VDURATIL--a parameter measuring the effect of whether 

the condition is new or not--results indicate that if the poor health 

condition is "new" (i.e., less than two weeks) relative to not being new 

the probability of seeking treatment from a FAMILY care increases whilst 

there is a likelihood of avoiding the method of SELF treatment. A 

summary of both positive and negative siznificant coefficients (i.e., at 

5 percent probability level) are presented in Tables 8.10 and 8.11, 

respectively. 
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Furthermore, the size of a coefficient for one source of 

treatment relative to the coefficient of another medical facility for 

the same variables gives an indication of the odds of using one source 

over another (e.g., in Table 8.6 for variable No. 10--0CCUP results 

indicate that if an individual falls into the subgroup of "salesmen" the 

odds of avoiding FAMILY care is greater than that of CLINIC care since 

2.86 > 2.03). The variables are ranked according to the size of the 

coefficients in Tables 8.10 and 8.11. 

In addition, if coefficients of a variable for four sources are 

of the same sign (e.g., OCCUP-Salesmen in Table 8.6) the effect of that 

variable on the 5th source (SELF) is of the opposite sign (e.g., if the 

individual is in the subgroup of "Salesmen," the greater the probability 

of SELF care). Analysis of coefficients of the remaining continuous and 

categorical variables is similar to that described above. 

Results of Stepwise Discriminant Analysis 

Another method of analysis to be considered is Discriminant 

Analysis. In this section, one can see the task of this analysis as 

answering a number of questions: 

1. Which type of explanatory variables provides the best 

explanation of the observed choices of medical care facilities? 

2. Do the factors which discriminate best between groups represent 

variables describing an individual's need, willingness or 

ability? 

3. What is the relative importance of the various factors in 

affecting the choice of treatment? 
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4. How well can the discriminant function explain the choice of 

medical facility in terms of the best set of factors discovered? 

5. Are there significant differences in the result obtained among 

choices? 

In discriminant analysis, the cases are divided into groups, and 

the analysis is used to find classification functions (i.e., linear 

combinations of the variables) that best characterize the differences 

between the groups. The functions are also useful for classifying new 

cases. However, the use of discriminant analysis requires' the 

assumptions that: 

1. The distributions of the variables for each group are 

multivariate normal; and 

2. The covariance matrices of each group be equal. 

In this study, the BMDP Stepwise Discriminant Analysis computer 

program is used to find the subset of variables that maximizes group 

differences. The variables used in computing the linear classification 

functions are chosen in a stepwise manner. At each step the variable 

that adds the most to the separation of the groups is entered into the 

classification or discriminant function until the group separation 

ceases to improve notably (i.e., on the basis of a one-way analysis of 

variance F-statistic). This analysis considered three sets of different 

combinations of the explanatory variables: i.e., combinations of: 

1. Variables describing ability to secure care; (i.e., with respect 

to own and/or substitute sources of treatment) 

2. Variables describing willingness to secure care; 
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3. All explanatory variables together; (i.e., with and without 

average costs at substitute sources of treatment). 

The results are presented in Tables 8.12 through 8.14. A 

summary of the estimation results indicate that in Table 8.12, TAVX is 

the 'Own Ability' variable that discriminates best between groups, while 

in Tables 8.13 and 8.14 HINJECT is the best if 'Willingness' as well as 

all explanatory variables are considered. From the point of view of 

this study, one can conclude that the subset of variables in Table 8.14 

are the most important variables influencing the health-care seeking 

behavior of individuals within the Danfa population. 

A classification test can be carried out to determine how well 

the discriminant functions explain the choices in terms of the "best" 

subsets of explanatory variables. 

Classification (discriminant) functions can be used to classify 

individual cases into the groups used in the analysis as follows. For 

each case, compute the classification score for each group from the 

classification function coefficients (i.e., multiply the data by the 

coefficients and add the constant term). The case is classified into 

the group for which the classification or discriminant score is highest. 

One can also convert the classification score into posterior 

probabilities: i.e., the posterior probability that case i belongs to 

group j is given by 

(8.1) 

f 
I exp(Z .. ) 
. 1 lJ 
J= 

where the classification score is 
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Table 8.12 Best Subset of Discriminant "Ability" Variables (Including 
Own Area Averages of Cost Variables. 

step Variable 
Number Entered F-Statistic D. F. 

TAVX 1,909.09 4, 948 

2 PAVX 1,215.40 8, 1,894 

3 MAVX 1,273.87 12, 2,503 

4 OCCUP 812.54 16, 2,888 

5 ZDISTANT 600.99 20, 3,132 

Table 8.13 Best Subset of Discriminant "Ability" Variables (Including 
Area Averages of Substitute Sources of Treatment). 

Step Variable 
Number Entered F-Statistic D. F. 

ZDISTANT 180.28 4, 952 

2 TOTALX 101.35 8, 1,902 

3 MCLIN 68.04 12, 2,514 

4 OCCUP 51.39 16, 2,900 
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Table 8.14 Best Subset of All Discriminant Explanatory Variables 
(Including Own and Substitute Area Averages of Cost 
Variables). 

Step 
Number 

2 

3 

4 

5 

6 

Step 
Number 

1 

2 

3 

4 

5 

With Own Averages 

Variable 
Entered F-Statistic 

HINJECT 5,731.03 

TAVX 2,398.59 

PAVX 2,020.19 

MAVX 1,818.53 

TOTALX 1,400.73 

AGE 1,083.28 

With Substitute Averages 

Variable 
Entered F-Statistic 

HINJECT 6,300.01 

TOTALX 1,214.71 

ZDISTANT 721.59 

QDISADAY 486.44 

MCLIN 310.32 

D. F. 

4, 844 

8, 1,686 

12, 2,228 

16, 2,569 

20, 2,181 

24, 2,928 

D. F. 

4, 952 

8, 1,902 

12, 2,513 

16, 2,899 

20, 3,145 
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(8.2) 

p and Xpij are the weighting coefficients and the explanatory 

variable for the pth factor, of the jth person in the ith group. Each 

case is assigned to the g~oup in which the value of the posterior 

probability is maximum. The translation of discriminant score into a 

probability statement is very essential if the aim the analyst is not so 

much to classify individual's action so that the sum of such 

probabilities may be used as an estimate of the proportion of the 

population taking a given action. 

The discriminant analysis procedure is successful if few cases 

are classified into the wrong groups. If a large percentage of cases 

are classified correctly (i.e., if the posterior probability assigns 

them to their original group) then this indicates that group differences 

do exist and that one has selected a set of explanatory variables that 

exhibit the differences. 

The empirical results of this classification information 

(indicating how many cases from each original group are assigned to each 

of the possible groups) are presented in Tables 8.15 through 8.17 for 

the three sets of different combinations of the explanatory variables. 

The results in Table 8.15b indicate that the discriminant analysis does 

not perform well when the "best" subset of "ability" variables are 

considered alone. In this case, the discriminant analysis of our sample 

data correctly classifies approximately 64.1 percent for the SELF group 

and 59.1 percent of all cases for the "best" subset of "substitute 

ability" variables alone in Table 8.15b. In Table 8.15a, where "best" 

subset of "own ability" variables are considered alone, discriminant 
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Table 8.15a Classification Matrix for Discriminant "Own Ability" 
Variables. 

Group 

Self 

Family 

Drug 
Seller 

Herbalist 

Percent 
Correct 

100.00 

29.00 

73.10 

60.00 

I 
I 
I 
1 
I 
1 
I 
1 
I , 
I 
1 
I 
1 
I 
1 

Number of Cases Classified Into Group 
Drug 

Self Family Seller Herbalist Clinic 

168 o o o o 

14 9 8 o o 

o 14 38 o o 

o o 4 6 o 

Clinic 100.00 I 0 0 0 0 92 -----------1--------------------------------------------------
Total 95.80 182 23 50 6 92 

Jacknifed Classification for Discriminant "Own Ability" Variables 

Group 

Self 

Family 

Drug 
Seller 

Herbalist 

Clinic 

Percent 
Correct 

100.0 

29.0 

73.1 

60.0 

100.0 

I , 
I 
1 
I 
1 
I , 
I , 

Self 

768 

14 

o 

o 

o 

Number of Cases Classified Into Group 
Drug 

Family Seller Herbalist Clinic 

0 0 0 0 

9 8 0 0 

14 38 o o 

o 4 6 o 

o o o 92 
-----------1--------------------------------------------------

Total 95.8 I 782 23 50 6 92 
I 

-------- ---------,--------------------------------------------
Classification Functions for Discriminant "Own Ability" Variables 

Variable Self 

OCCUP 0.055 

ZDISTANT -0.034 

MAVX 0.279 

TAVX -1.311 

PAVX 0.271 

CONSTANT -2.631 

Group Source of Treatment 
Drug 

Family Seller Herbalist 

0.029 

-0.126 

3.265 

-10.998 

2.154 

-3.091 

0.060 

-0.412 

12.656 

-34.473 

7.174 

-22.897 

0.066 

-0.224 

12.525 

-47.917 

15.703 

-77.645 

Clinic 

0.010 

-0.073 

-24.686 

145.327 

26.447 

-168.045 
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Table 8.15b Classification Matrix for Discriminant "Substitute Ability" 
Variables. 

Group 

SELF \ 

FAMILY 

DRUG 
SELLER 

HERBALIST 

CLINIC 

TOTAL 

Percent 
Correct 

64.1 

64.5 

7.7 

30.0 

47.8 

1 
I 
1 
1 
1 

Self 

495 

10 

26 

4 

14 

Number of Cases Classified Into Group 
Drug 

Family Seller Herbalist Clinic 

275 2 0 0 

20 0 1 0 

9 4 6 7 

3 o 3 o 

18 8 8 44 
-----------:--------------------------------------------------

59.1 : 549 325 14 18 51 
I 

------------------1--------------------------------------------
Jacknifed Classification for Discriminant "Substitute Ability" Variables 

Number of Cases Classified Into Group 
Percent Drug 

Group Correct Self Family Seller Herbalist Clinic 

SELF 64.1 495 275 2 0 0 

FAMILY 64.5 10 20 0 1 0 

DRUG 
SELLER 7.7 26 9 4 6 7 

HERBALIST 30.0 4 3 0 3 0 

CLINIC 47.8 14 18 8 8 44 
-------- ---------- --------------------------------------------------
TOTAL 59.1 549 325 14 18 51 

Classification Functions For Discriminant "Substitute Ability" Variables 

Group = Source of Treatment 
Drug 

Variable Self Family Seller Herbalist Clinic 

OCCUP 0.052 0.025 0.056 0.043 0.044 

TOTALX -0.023 -0.001 0.090 0.526 0.127 

ZDISTANT -0.100 -0.099 0.121 -0.277 0.859 

MCLIN 1.025 1.054 1.054 0.930 0.690 

CONSTANT -5.662 -5.082 -6.572 -10.456 -8.377 



229 

Table 8.16 Classification Matrix for Discriminant 'Willingness' Variables 
------------------------------------------------------------------------------

Number of Cases Classified Into Group 
Percent Drug 

Group Correct Self Family Seller Herbalist Clinic 

SELF 100.0 682 0 0 0 0 

FAMILY 77.8 0 21 2 2 2 

DRUG 
SELLER 57.1 0 17 28 2 2 

HERBALIST 20.0 3 4 2 0 
1 

CLINIC 1 26.2 0 35 23 4 22 1 
I ---------1----------- -------------------------------------------------------

TOTAL I 88.6 683 76 57 10 26 1 
I 
1 

Jackknifed Classification for Discriminant 'Willingness' Variables 

Number of Cases Classified Into Group 
Percent Drug 

Group Correct Self Family Seller Herbalist Clinic 

SELF 100.0 682 0 0 0 0 

FAMILY 77.8 0 21 2 2 2 

DRUG 
SELLER 57.1 0 17 28 2 2 

HERBALIST 20.0 3 4 2 0 

CLINIC 1 23.8 o 35 24 5 20 
---------1----------- --------------------------------------------------
TOTAL 1 88.4 683 76 58 11 24 

I --------1--------- ___________________________________________ _ 

Classification Functions for Discriminant "Willingness" Variables 

Group = Source of Treatment 
Drug 

Variable Self Family Seller Herbalist Clinic 

AGE 0.066 -0.002 0.040 0.058 0.031 

HINJECT 0.990 96.980 94.619 89.097 88.366 

VDURATIL 6.409 6.941 6.096 8.797 7.401 

QDISADAY 0.242 1.999 1.680 5.775 1.749 

CONSTANT -7.902 -103.225 -98.481 -99.188 -88.061 
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Table 8.17a Classification Matrix for All Discriminant Explanatory 
Variables (Including Own Costs) 

Number of Cases Classified Into Group 
Percent Drug 

Group Correct Self Family Seller Herbalist Clinic 

Self 100.00 680 0 0 0 0 

Family 81.5 0 22 5 0 0 

Drug 
Seller 73.5 0 13 36 0 0 

Herbalist 66.7 0 0 3 6 0 

Clinic 100.0 0 0 0 0 84 
-------- ---------- --------------------------------------------------
Total 97.5 680 35 44 6 84 

Jacknifed Classification For All Discriminant Explanatory Variables 
(Including Own Costs) . . 

Number of Cases Classified Into Group 
Percent Drug 

Group Correct Self Family Seller Herbalist Clinic 

Self 100.0 680 0 0 0 0 

Family 81.5 0 22 5 0 0 

Drug 
Seller 73.5 0 13 36 0 0 

Herbalist 66.7 0 0 3 6 0 

Clinic 100.0 0 0 0 0 84 
---------1----------- --------------------------------------------------
Total 1 97.5 680 35 44 6 84 1 

1 
1 

Classification Functions For All Discriminant Explanatory Variables 
Group = Source of Treatment 

Drug 
Variable Self Family Seller Herbalist Clinic 

TOTALX -0.017 1.238 1.186 1.276 1.372 

MAVX 0.341 -0.992 8.769 7.499 -26.446 

TAVX -1.140 3.398 -22.189 -30.906 146.135 

PAVX 0.280 0.333 5.702 14.370 -25.650 

AGE 0.090 0.014 0.060 0.105 0.027 

HINJECT -0.599 123.888 128.249 129.404 130.835 

CONSTANT -3.258 -125.853 -138.529 -226.288 -294.111 
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Table 8.17b Classification Matrix for All Discriminant Explanatory 
Variables (Including Substitute Costs) 

Number of Cases Classified Into Group 
Percent Drug 

Group Correct Self Family Seller Herbalist Clinic 

Self 100.00 772 0 0 0 0 

Family 93.5 0 29 0 

Drug 
Seller 25.0 0 28 13 4 7 

Herbalist 40.0 0 6 0 4 0 

Clinic 55.4 0 19 17 5 51 
-------- ---------- --------------------------------------------------
Total 90.8 772 82 31 14 58 

Jacknifed Classification For All Discriminant Explanatory Variables 
(Including Substitute Costs) 

Number of Cases Classified Into Group 
Percent Drug 

Group Correct Self Family Seller Herbalist Clinic 

Self 100.0 772 0 0 0 0 

Family 93.5 0 29 0 

Drug 
Seller 15.4 0 33 8 4 7 

Herbalist 30.0 6 0 3 0 

Clinic 54.3 0 19 18 5 50 
-------- ---------- --------------------------------------------------
Total 90.1 773 87 27 13 57 

Classification Functions For All Discriminant EX~lanatory Variables 
Group = Source of Trea ment 

Drug 
Variable Self Family Seller Herbalist Clinic 

HINJECT -0.619 116.579 116.837 116.868 109.845 

QDISADAY 0.079 0.676 0.279 1.685 0.271 

TOTALX -0.023 1.171 1.272 1.692 1.238 

ZD!STANT -0.069 -0.381 -0. 146 -0.550 0.605 

MCLIN 1.042 0.844 0.850 0.730 0.496 

CONSTANT -4.743 -121.539 -122.48 -128.961 -111.089 
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analysis correctly classified 100 percent for the SELF group and 95.8 

percent of all cases. However, Table 8.16 indicates there were no 

misclassifications for SELF group and 11.4 percent misclassifications 

for all cases for the "best" subset of "willingness" variables. The 

lowest "net misclassification" figure of 2.5 percent is provided in 

Table 8.11 when the "best" subset of all explanatory variables including 

average costs of own sources of case (given in Table 8.14) are 

considered. That is, the discriminant analysis appears to perform well 

in Table 8.17a, since, on aggregate, the numbers predicted correctly for 

each source of treatment are the highest (i.e., 97.5 percent of all 

cases predicted correctly). 

A pseudo-jackknife classification table is presented for each of 

the four sets of different combinations of explanatory variables in 

Tables 8.15 through 8.11 below each classification matrix. This 

procedure is required to reduce the bias in group classifications. For 

each case, a classification function is computed with the case omitted 

from the computations. The function is then used to classify the 

omitted case, which results in a classification with the less bias. The 

empirical results presented in Tables 8.15 through 8.17 indicate no 

significant difference between the classification matrix and the 

jackknifed classification for number of cases classified correctly. The 

classification functions used to classify cases into groups are also 

presented in Tables 8.15 through 8.11 (i.e., below the jackknifed 

classification table). 

From the point of view of this study, it is interesting to note 

that AGE, MCLIN, MAVX, QDISADAY, TAVX, ZDISTANT, PAVX, TOTALX and 
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HINJECT are all important in influencing the health-seeking behavior of 

individuals within the Danfa Rural Population. 

Estimates of Subgroup Demand Curves for Medical Care 

This section presents empirical estimates of demand curves for 

medical care. The previous sections (including some chapters) developed 

a framework that can be employed to predict the effects of certain 

variables on the health-care seeking behavior (i.e., the choice of 

medical care) of an individual. The purpose of this section is to 

develop an empirical framework for analyzing consumers total expenditure 

in his desire to obtain "good health" (i.e., in his desire to achieve a 

certain level of good health). The consumer desires "good health" 

because the alternative, "ill health" is a source of disutility and 

reduced earnings. Our demand curve, here, is in the spirit of the more 

general consumer theory models of Lancaster (1966). When consumers 

purchase medical services p they rarely do so simply because they expect 

to deri ve pleasure directly from these services. Rather, they expect 

that these services or outlay will make them healthier and that they 

will derive satisfaction from that. Thus, one can view the individual 

as determining his consumption of medical care so as to maximize his 

utility. 

Our empirical demand curve is based on the one developed in 

Chapter 4 (i.e., equation 4.49); however, the dependent variable, in 

this section, is total value of medical expenditures (not a binary 

type). Total medical expenditures include outlays on doctors, 

herbalists, spiritualists, prescribed and nonprescl"ibed drugs, 
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travelling and other expenses incurred during the attempt to secure 

care. These outlays are a more desirable measure of medical care than 

quantity indexes for two reasons. First, cedi (Ghana's currency) 

outlays allow one to combine the various components of medical care into 

an aggregate index of the utilization of this care in a simple way. 

Second, part of the variation in expenditure/price across individuals 

reflects either variations in the need, ability and willingness on the 

part of the individual to purchase medical care or variations in the 

quality of services purchased. 

In the empirical estimation of the demand curves for different 

subgroups, two types of functional relationship were investigated: 

1. A linear demand function--where the dependent variable is 

TOTALX; and 

2. A semi-log demand function--where the dependent variable is log 

TOTALX. 

The independent variables that are considered to be important in 

explaining variations in TOTALX include AGE, YDAYSLOS, RESTDAY, GRADE, 

MINDX, TINDX, and PINOX. The last three variables are the area cost 

indices of medication, travel, and consultation, respectively. For each 

area j and each type of cost variable K, each INDEX (j, k) can be 

obtained as follows: 

INDEX (j, k) = ESiXijk , where 
i 

Si ~ proportion of consumers selecting the source of treatment 

i, (i = 1, 2, 3, 4, 5); 
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Xijk = area average cost of variable k for own source of 

treat.ment i in area j; (k = 1, 2, 3, and j = 1, 2, 3, 4). 

The results of the estimates of the cost. indices of medication, 

travel and consultation are presented in Table 8.18. Each result. is 

expressed as a percentage. Tables 8.19 and 8.20 present the mul tiple 

regression estimates of medical care demand curves for each subgroup 

(one with the emphasis on system characteristics or ability variables, 

i.e., area cost indices and the other wit.h emphasis on individual 

character istics, e.g., health condition var iables). 

To discuss and illustrate the application of the estimated 

results, we shall summarize the analysis of the effects of the above 

explanatory variables on t.he demand for medical care. In Tables 8.19 

and 8.20, the results of the estimated R2 values indicate that the 

"semi-log" relationships are a bett.er fit to our dat.a than the linear 

funct.ions. In terms of compatibility of coefficient signs with the 

underlying hypothesis, the net effect. of these predictor variables on 

the demand for medical care is difficult to determine a priori but it 

can be determined empirically. It will be obviously clear in t.he next 

section-dealing with the economic and behavioral implications of our 

analysis--that the net change in the demand for medical care will be 

different under different assumptions. That is, the signs of the 

estimated coefficients can either be negative or positive depending on 

the type of assumption made. 

The results in Table 8.19 indicate that the estimated 

coefficients for the variables AGE, GRADE, MINDX, TINDX AND PINDX are 

not. significantly different from zero for most of t.he estimated demand 
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Table 8.18 
if 

Estimates of Area Cost Indices for Medical Care Demand 

Index:!: Area Area 2 Area 3 Area 4 

PINDX 10.30 49.15 24.30 54.10 

MINDX 57.34 90.11 100.90 110.47 

TINDX 32.40 37.55 37.33 54.30 

+PINDX--Consultation Cost Index 
MINDX--Medicatior. Cost Index 
TINDX--Travel Cost Index 

if 
of Some the important villages in these four project areas include: 

Area 1 Area 2 Area 3 Area 4 

Danfa Pokoase Obom Mafukrom 

Boi Amasamam Fajator Krabokese 

Amrahia Nsaldna Kwashikumaman Dokrochiwa 

Berekuso Sarpeiman Domeabra Odum-Darmang 

Kwabenya Agba Kope Adimbra Mamidede 

Peduasi Ablekuma Akotiaku Amon Krom 
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curves. This could be due to the many influences that these variables 

have on the demand for medical care. For instance, GRADE or education 

(i.e., number of years in school) in one relationship would be 

positively correlated with demand for medical care because the more 

educated (with rise in earnings) is able to purchase more care while in 

another relationship it would have a negative effect on demand for 

medical care since as an efficient producer of "good health," the more 

educated consumer may pay less for medical care. Therefore, if these 

two relationships are equally powerful, then GRADE and TOTAL X would 

appear to be uncorrelated. 

However, the results do provide some evidence that the health 

condition variables RESTDAY and YDAYLOS have important influence on the 

variations in total medical care expenditure, since most of the 

variables are significant at 1 percent probability level. In terms of 

application, the coefficients of MINDX, TINDX, AND PINDX in the "semi

log" relationship (i.e. Dependent Variable = Log (TotalX» do suggest 

that if the coefficient is 

explanatory variable will cause 

then a one percent change in the 

percent change in TOTALX (i.e. these 

are the elasticities of demand). For instar.ce, the empirical results 

shown in Table 8.19 indicate th~t for every 1 percent increase in MINDX 

(cost of drugs), then there will be a reduction of 0.680 percent in 

total medical expenses for all males. In case of the linear demar.d 

function (i.e. Dependent Variable - TOTALX), the reaction of demand to 

factor changes is constant; e.g., for everyone cedi ir.crease in the 

cost of drugs (MEDICALX), total cost of medical care will decrease by 
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0.051 cedis for males. The analysis of the remaining regression 

coefficients for all other subgroups is similar to that described above. 

The analysis of the remaining regression coefficients for all other 

subgroups is similar to that described above. 

Economic and Behavioral Implications of the Empirical Results 

The models presented in the preceding sections represent the 

effect of a broad spectrum of factors on the household's decision to 

seek medical attention. These effects are so complex in nature that 

mer~ly examining the estimates and the signs of the coefficients of the 

choice model and the demand curves provides a narrow insight into the 

behavioral and economic implications of the results. This section is an 

attempt to use the logit choice models and the demand curves to draw 

behavioral and economic inferences about group and individual health

seeking behavior and to assess the possible impact of a number of 

policies. 

Implications of the Logit Choice Model 

The random utility model as represented in the multinomial logi t 

choice function provides a very powerful mechanism for assessing the 

effects of a wide range of policies. If the estimated choice model is 

empirically sound, then one has a very flexible policy-sensitive 

analytical tool. 

The models can be used to obtain measures of the responsiveness of 

a population group to changes in the levels of particular attributes 

(i.e., elasticities of a particular choice with respect to particular 
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attributes) and also to obtain individual and group estimates of the 

likelihood of choosing a particular treatment source, given the levels 

of the attributes offered as the significant choice discriminators. 

Elasticities of Choices (or Usage of Alternatives) 

Direct and Cross elasticities can be obtained from the Logit 

Choice models. 

1. Direct Elasticity--is the percentage change in the probability 

of choosing a particular alternative in the choice set with 

respect to a given percent change in an attribute which 

describes the utility of that alternative. 

The direct point elasticities in the basic MNL model given by 

equation (5.40) in Chapter Five, can be written as 

ap, X'I 
ED -~ • -2-.!&.. 

- aX'k P, 1. g 1.g 
(8.3) 

ap, 2 
where __ ~1.~g~ = p" S"k - P1"g Sl"k' using the MNL model. ax, 19 1 

1.kg 

Therefore, an operational formulation for this elasticity becomes 

ED = Sik Xikg (1 - Pig) (8.4) 

This is interpreted as tile elasticity of probability of choosing 

alternative i for individual g with respect to a marginal (or small) 

change in the Kth variable which describes the utility of the ith 

alternative for individual g. 

2. Cross Elasticity is the percentage change in the probability of 

choosing a particular alternative in the choice set with respect 

to a given percentage change in an attribute which describes the 

utility of a competing alternative. 
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The cross point elasticities in the basic MNL model can be 

written as 

elP. X .. 
k E = ~. 1.J 

c elX.
k 

-P-.-
J g 1.g 

elP. 
where 1.g = -Po Pjg S~k using the MNL model. 

elX
jkg 

l.g u 

Therefore, an operational formulation for the above elasticity 

becomes 

(8.6) 

It is essential to note that this cross elasticity only depends 

·on variables associated with alternative j (e.g., CLINIC and is 

independent of i (e.g. FAMILY). Therefore, according to Hensher and 

Johnson (1981) cross elasticities with respect to a variable associated 

with alternative j (e.g., CLINIC) are the same for all i =I j. In their 

view, this constrained result arises because of the assumption that the 

actual utilities are distributed about their means with distributions 

that are independent and identical. 

A simple way in which the two elasticities in (8.4) and (8.6) 

may be combined to yield a single point elasticity formula for the basic 

MNL model is given by 

EPig = Sjk Xjkg (oij - Pig) (8.7) 
Xjkg 

where 

if i = j (a direct point elasticity) 

if i =i j (a cross point elasticity) 

Equation (8.7) gives elasticities for each individual. To find 
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aggregate or market demand elasticities, one has to evaluate equation 

(8.7) for each individual g and then aggregate, weighting each 

individual by the individual's estimated probability choice. The 

formula for which is 

" where Pig is an estimated choice probability. Alternatively, equation 

(8.8) can be wri tten as 

(8.9) 

where Wg is a weight giving the proportion of the total demand or usage 

for alternative j originating from individuals of type g (i.e., a 

particular subgroup of individuals). That is, the aggregate elasticity 

over market segments (i.e. population groups) equals the sum of segment 

elasticities weighted by segment shares of market. According to 

McFadden (1979), this rule assumes that the percentage change in the 

policy variable (e.g. MAVX) is the same in each segment. 

Many policy changes affect different segments of the Danfa rural 

population differently. Therefore, aggregate point elasticities with 

respect to changes in the cost of drugs--MAVX--were calculated for each 

age group and sex group. The results are presented in Table 8.21. 

Interpreting the estimated elasticities from the various segments of the 

popUlation is a straightforward task. For example, in case of direct 

elasticities from the various segments of the population is a 

straightforward task. For example, in case of direct elasticities, the 
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value under CLINIC for females = -0.236 means that a 1 percent increase 

in the average cost of medication at CLINIC, all else remaining 

constant, will cause a 0.236 percent decrease in the overall probability 

of females choosing CLINIC as a source of treatment. However, in the 

case of cross elasticities, the value of 0.236 under DRUG SELLER means 

that a 1 percent increase in MCLIN--the cost of medication at CLINIC 

will cause a 0.236 percent increase in the probability of females 

choosing DRUG SELLER as a source of treatment. Other elasticities may be 

interpreted in a similar manner for the various segments of the 

population. 

One important policy conclusion of these results is that changes 

in the cost travel (TAVX) and cost of drugs (MAVX and MCLIN) will cause 

various segments of the population to alter their frequency decisions to 

seek medical care at CLINICS or with DRUG SELLERS. A comparison between 

these estimates in Table 8.21 indicate that females and age group 41-50 

are the market segments with the highest probability of avoiding both 

CLINIC and DRUG SELLERS when there is a 1 percent increase in the cost 

of medication--MAVX. Direct elasticities or elasticities with respect 

to own price variation if negative a priori. However, our empirical 

results indicate that the values under CLINIC with respect to the cost 

of travel--TAVX have positive correlation. On the other hand, cross 

price effects have positive correlation with the choice of treatment 

source;but empirical results in Table 8.21 indicate that under SELF CARE 

estimated cross elasc.icities with respect to consultation cost of the 

DRUG SELLERS (i.e. PDRUG) have negative correlation with the source of 
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treatment SELF CARE. Although one needs to be a little cautious, a 

possible explanation for this type of correlation contrary to what one 

expects a priori may be anyone of the following: 

1. A belief or an assumption that the higher the cost or price of 

consultation the better the quality of service or the more 

efficient the provider of care; that means some consumers are 

probably prepared to pay higher to obtain a better quality of 

care or to be treated by a more efficient provider of health 

care on the assumption that variables in price reflect 

variations in the quality of services purchased. 

2. These two sources of treatment (i.e., SELF and DRUG SELLER) are 

most likely complements since a negative cross-substitution 

effect implies complementarity; that means there is a 

possibility that consumers who treat themselves depend or rely 

on DRUG SELLERS for medical care information on goods for 

treatment. 

Due to economic and statistical insignificance other policy 

variables were ignored in the estimation of the elasticities associated 

with the various sources of treatment. 

Treatment-Choice Decision Behavior 

A final point in evaluating the implications of the logit modal 

choice models concerns their ability to indicate the odds or the 

likelihood of choosing a particular source of treatment, given the 

levels of the attributes. 
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The principal motivation for estimating separate choice models 

for each medical facility was the a priori expectation that there are 

important behavioral differences with respect to preferences for each 

source of treatment among the various segments of the population. The 

differences"in the sign of the coefficient estimates in Tables 8.3, 8.4, 

8.6, and 8.9 reflects either an increasing or decreasing preference for 

a particular source of treatment by a particular segment of the 

population. 

Results in Table 8.10 indicate that certain segments exhibit an 

increasing preference for treatment at a particular source of treatment. 

These segments are: 

1. SELF--groups with high blood pressure; 

2. FAMILY--groups with local religions affiliation (Traditional) 

and those whose disease condition is new; 

3. DRUG SELLER--Ewe ethnic group and groups with new disease condition; 

4. CLINIC--Fanti ethnic group, groups who have never attended 

school but can read and sub-professionals with new disease 

condition. 

However, in Table 8.11 these segments of the population (below) 

indicate the likelihood of avoiding treatment at the following medical 

facilities: 

1. SELF--groups with Asthma, Fanti ethnic group, groups who have 

attended school and can read, and those with new disease 

condition; 

2. FAMILY--Age group over 60 years, Moslems, Catholics, and salesmen. 

3. DRUGSELLER--Ethnic groups of Ga-Ada and Northern. 
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4. CLINIC--Salesmen, Subprofessionals, Ethnic group of Ewe, Not 

Active groups (e.g. housewifes, pensioneers, children not in 

school etc.) and those who have attended school in the past and 

can read. 

Furthermore, as pointed out earlier, the differences in the size 

of the coefficient estimates in the logit choice models indicates the 

relative preference or avoidance of one source of treatment over 

another. For instance, in Table 8.6 for variable number 7--LITERACY, 

results indicate that those who have attended school in the past and can 

read are more likely to avoid treatment at a CLINIC than to seek SELF 

care since 0.87 is greater than 0.694. 

Implications of the Subgroup Demand Curves 

The demand curves as represented in the linear and semi-log 

functions provide a useful framework for assessing the effects of 

changes in the levels particular factors on the total medical outlays on 

doctors, herbalists, travelling, drugs, and other types of health care 

services. 

The estimated results of the linear and semi-log demand curves 

are presented in Tables 8.19 and 8.20. In terms of coefficient signs 

being compatible with the underlying hypothesis, the a priori 

expectation is difficult to determine, since the net change in total 

medical expenditures will be different under different assumptions for 

different segments of the population. That is, the net effect on total 

expenditures can either be positive or negative for each of some of the 

predictor variables as explained below. In terms of R2-values the 
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Table 8.19 OLS Estimates of Subgroup Medical Care Demand With Area Cost 
Indices or Emphasis on System Characteristics 

VARIAfLE DEPENDENT ------ EXPLANATORY VARIABLES------
SlJB}ROOPS VARIAELE AGE YDAYSLOS RES'IDAY GRADE MINOt'" TJ:N1))('" PINDt'" 

1. ALL 
GROUPS TotalX 0.003 1.043" -O.6CT7** 0.149 -0.020 0.025 0.028 

(0.20) (4.93) (2.79) (1.79) (0.88) (0.46) (1.07) 

logI'otalX -0.0008 0.066" -0.030** 0.004 -0.374 0.186 0.139** 
(1.23) (7.18) (3.19) (1.16) (1.66) (0.62) (2.19) 

2. SEX 

Male TotalX 0.007 1.165** -O.5iT** 0.213** -0.051 0.066 0.059 
(0.37) (4.48) (2.2) (2.07) 

logI'otalX -0.0003 0.063** -0.022** 0.008 
(0.35) (5.81 ) (2.05) (1.86) 

Female TotalX -0.0002 0.950" -0.731* 0.135 
(0.01 ) (2.68) (1.92) (0.87) 

log TotalX -0.001 0.075** -0.046** 0.021 
(1.26) (4.73) (2.70) (0.69) 

3. ocaJPATION 

Not 
Active TotalX -0.026 0.477** -0.144 -0.038 

(1.27) (2.48) (0.85) (0.49) 

log TotalX -0.003** 0.063** -0.012 0.0009 
(2.13) (4.15) (0.94) (0.16) 

Unem-
ployed TotalX 0.000 

0.000 

log TotalX 0.000 

T-values are in parentheses 

If Coefficients significant at 5 percent probability level 

If* Coefficients significant at 1 percent probability level 

+ Logs are used in case of dependent variable wg TotalX. 
(i.e •• these are elasticities in case Log TotalX). 

(1.66) (0.8'7) ( 1.58) 

-0.680** 0.454 0.226* 
(2.34) (1.54 ) (1.96) 

0.006 -0.015 -0.002 
(0.17) (0.18) (0.07) 

-0.201 0.125 0.08 
(0.06) (0.60) (0.99) 

-0.021 -0.038 0.024 
(1.06) (0.87) (1.13) 

-0.282 -0.641** 0.211 
(0.81) (2.04) ( 1.67) 

R2 

0.05 

0.11 

0.10 

0.18 

0.02 

0.06 

0.15 
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Table 8.19 OLS Estimates of Subgroup Medical Care Demand With Area Cost 
Indices or Emphasis on System Characteristics Continued 

VARIAILE DEPENDENT ------ EXPLANATORY VARIABLES------
SUffiROOPS VARIAEU AGE YDAYSLOS RESIDAY GRADE MINDt+" TINDt+" PINDx+ ~ 

Subp"o-
fession TotalX 2.769** 0.13 10.717**1.896 -4.209" -0.111 0.70 

(2.42) (0.04) (2.48) (1.75) (2.21) (0.13) 

I.DgTotalX 0.061 -0.042 0.261· 8.710 -6.975 -0.732 0.58 
( 1.69) (0.36) (1.91 ) (1.15) (1.18) (0.36) 

Sales-
men TotalX -0.088 0.630 -0.428 0.193 -0.049 -.138 -0.067 0.03 

(1.10) (0.46) (0.33) (0.38) (0.49) (0.44) (0.57) 

I.DgTotalX -0.004 0.040 -0.019 0.016 -0.582 0.414 0.034 0.07 
(1.57) (0.86) (0.43) (0.94) (0.77) (0.40) (0.12) 

Fanner TotalX -0.007 1.120** -0.588** 0.109 -0.012 0.072 0.023 0.18 
(0.47) (6.40) (3.19) (1.47) (0.59) (1.46) (0.99) 

I.DgTotalX -0.002 0.068** -0.033** -.003 -0.354 -.597 0.159** 0.19 
(1.73) (6.19) (2.84) (0.66) (1.23) (1.46) (.11) 

Artisan TotalX -0.113 0.594 -0.622 -.220 -0.052 -0.195 0.190* 0.16 
(1.73) (0.93) (0.82) (0.84) (0.64) (1.04) (2.16) 

LogTotalX -0.006 0.076** -0.048 0.005 -1.081 -0.538 0.760* 0.23 
(1.69) (2.05) (1.10) (0.31) (1.03) (0.53) (1.99) 

4. EIHNIC 

Ga-ada TotalX -0.022 0.396 -0.246 -0.166 -0.043 0.361 -0.024 0.02 
(1.25) (1.40) (0.85) ( 1.37) (1.12) (1.25) (0.74) 

I.DgTotalX -0.002** 0.051** -0.030** -0.007 -0.55 2.472** -0.072 0.07 
(2.38) (4.38) (2.56) (1.39) (1.64) (2.06) (0.71 ) 

are TotalX 0.094** 1.456 -1.201 0.719** -0.070 -0.181 0.194** 0.15 
(2.00) (1.57) (1.29) (3.00) (0.90) (1.15) (2.63) 

I.DgTotalX 0.002 0.092** -0.049 0.019 -1.330** -0.268 0.692** 0.20 
(1.02) (2.35) (1.26) (1.88) (2.02) (0.46) (3.04) 

Akwapim TotalX 0.015 2.398** -1.897** 0.388** 0.716** -0.927* -0.178 0.21 
(0.40) (5.64) (4.38) (2.06) (2.93) (1.99) (0.66) 

I.DgTotalX 0.002 0.093** -0.058** 0.019** 5.899** -5.096** -0.099 0.22 
(1.20) (5.22) (3.18) (2.46) (2.62) (3.00) (0.12) 



248 

Table 8.19 OLS Estimates of Subgroup Medical Care Demand With Area Cost 
Indices or Emphasis on System Characteristics Continued 

VARIAILE DEPENDENT ------ EXPLANATORY VARIABLES------
SUOOROUPS VARIAILE AGE YDAYSLOS RESTDAY GRADE MINDX"'" TINDX"'" PINDX"'" ~ 

Fanti TotalX -0.188· -0.681 3.418** -1.596**-0.434· - 0.115 0.93 
(2.06) (0.57) (3.45) (2.80) (2.20) - (1.04) 

LogTotalX -0.014 0.004 0.121 -O.118·*-9.1501f1f - 0.478 0.79 
(1.79) (0.q4) (1.46) (2.47) (2.41) (0.61) 

Northern TotalX -0.019 2.420*· -0.326 -0.019 0.010 0.73 
(.072) (4.67) (1.80) (0.29) (0.15) 

LogTotalX -0.002 0.253** -0.034 -0.865 0.291 0.58 
(0.50) (3.24) (1.26) (0.38) (0.37) 

Non-
Ghanaian TotalX 0.002 -0.004 0.653 0.151 -0.046 -0.256 0.226 O.Zl 

(0.05) (0.01) (1.06) (0.79) (0.81) (0.94) (1.47) 

LogTotalX -0.002 -O.Oi6 0.071 0.011 -0.052 1.133 -0.062 0.26 
(0.62) (0.42) (1.74) (0.90) (0.05) (0.75) (0.08) 

5. VOORATIL 

New TotalX 0.010 0.512** 0.045 0.020 OO.OZl 0.019 0.060** 0.12 
(0.74) (2.80) (0.23) (0.28) (1.28) (0.39) (2.59) 

LogTotalX -0.0002 0.058** -0.008 -0.0001 -0.636 0.103 0.381** 0.17 
(0.02) (4.45) (0.58) (0.01 ) (1.87) (0.31) (3.08) 

OVer 
2 Weeks TotalX -0.006 1.557** -1.153** 0.284* -0.024 0.024 0.006 0.06 

(O.Zl) (4.18) (3.18) (1.92) (0.62) (0.26) (0.13) 

LogTotalX -0.0008 0.068** -0.042** 0.008 -0.160 0.242 -0.003 
(0.97) (5.16) (3.30) (1.56) (0.54) (0.03) (0.80) 

6. DISEASE 

Fever WfALX 0.037 0.057 0.353** -0.017 0.062 0.016 0.13 
(1.41) (0.35) (2.28) (0.42) (0.65) (0.37) 

LogTotalX 0.002 0.011 0.017 -0.303 -.223 0.140 0.10 
(1.20) (0.99) (1.~) (0.51) (0.66) (0.37) 

Eye-ear TotalX -0.108 6.943** -6.865** 0.118 0.157 0.113 -0.134 0.30 
(1.14 ) (3.28) (3.20) (0.17) (0.83) (0.26) (0.69) 

LogTotalX -0.002 0.132** -0.124** 0.015 0.169 0.634 0.040 O.Zl 
(0.81) (2.0) (2.03) (0.78) (0.14 ) (0.54) (0.10) 



249 

Table 8.19 OLS Estimates of Subgroup Medical Care Demand With Area Cost 
Indices or Emphasis on System Characteristics Continued 

VARI.AaE DEPENDENT ------ EXPLANATORY VARIABLES------
SUBJROOPS VARIAELE AGE YDAYSLOS RESIDAY GRADE MINOr- TINDr- PINDr- R2 

Asthma TotalX 0.014 0.237 -0.028 0.086 -0.133 -0.021 0.23 
(0.16) (0.32) (0.08) (1.00) (0.67) (0.19) 

LogTotalX 0.005 0.035 -0.008 1.342 -1.065 0.018 0.34 
(0.49) (0.38) (0.19) (0.55) (0.48) (0.02) 

Stcxrach TotalX -0.012 0.400** 0.168 -0.020 -0.018 -0.067 0.052** 0.41 
(1.30) (3.26) (1.22) (0.34) ( 1.23) (1.76) (3.01 ) 

LogTotalX -0.001 0.059** 0.014 0.001 -0.694* -0.620 0.470** 0.49 
(1.23) (4.21) (0.91 ) (0.18) (1.92) (1.54) (3.27) 

fulls TotalX 0.056 1.867 -0.936 -0.193 -0.073 0.062 -0.011 0.13 
(1.16) (3.64) (1.83) (0.68) (0.91) (0.34) (0.11 ) 

LogTotalX 0.001 0.100** -0.036** -0.001 -0.608 -0.255 -.109 0.29 
(0.81) (6.64) (2.41) (0.18) (1.12) (0.52) (0.51 ) 

Waist-
Pains TotalX 0.001 -0.115 0.120 0.086** 0.021** -0.012 -0.016 0.15 

(0.23) (1.01 ) <1.04 ) (2.94) (2.58) (0.61) (1.72) 

LogTotalX 0.0003 -0.007 0.008 0.013** 0.739** -0.150 -0.204· 0.14 
(0.29) (0.41) (0.43) (2.81) (2.68) (0.54) (1.91) 

Jaun-
dice TotalX 0.016 6.116 7.549 0.541 0.261 -0.196 -0.212 0.20 

(0.07) (1.36) (1.01) (0.83) (1.48) (0.46) (1.12) 

LogTotalX -0.001 0.394** 0.271 0.016 1.655 -0.233 -0.606 0.24 
(0.14) (2.06) (0.85) (0.56) (1.05) (0.14 ) (1.02) 

Dizi-
ness TotalX 0.012 0.563 0.027 0.237 -0.047 0.029 0.082** 0.09 

(0.53) (1.78) (0.08) (1.98) (1.32) (0.35) (2.09) 

LogTotalX -0.001 0.055** -0.013 0.003 -0.768* 0.555 0.342** 0.14 
(0.90) (3.53) (0.82) (0.47) (1.99) (1.47) (2.38) 
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Table 8.19 OLS Estimates of Subgroup Medical Care Demand With Area Cost 
Indices or Emphasis on System Characteristics Continued 

VARIAIl.E DEPENDENT ------ EXPLANATORY VARIABLES------
SUOOROOPS VARIAEU: AGE YDAYSLOS RESIDAY GRADE MINDX'" TINDX'" PINDX'" R2 

7. RELIGION 

Protes-
tant TotalX -0.011 1.130** -0.481 -0.013 -0.002 0.071 -0.015 0.05 

(0.49) <3.49) (1.51 ) (0.11) (0.05) (0.80) (0.32) 

LogTotalX -0.0004 0.082** -0.034** 0.001 -0.112 0.234 -0.002 0.13 
(0.47) (5.84) (2.45) (0.19) (0.29) (0.67) (0.01 ) 

Cath0-
lic TotalX 0.377** -3.516 4.330 1.032 -0.284 -0.144 0.498** 0.25 

(2.08) (1.46) (1.66) (1.78) (0.87) (0.26) (2.07) 

LogTotalX 0.012 -0.120 0.196** 0.038 -2.638 0.636 1.206 0.26 
(1.85) (1.38) (2.09) (1.83) (1.17) (0.36) (1.92) 

LogTotalX 0.012 -0.120 0.196** 0.038 -2.638 0.636 1.206 0.26 
(1.85) (1.38) (2.09) (1.8) (1.17) (0.36) (1.92) 

M:>slem TotalX -0.004 0.332 -0.334 -0.248 -0.049 0.038 0.108 0.14 
(0.09) (0.45) (0.40) (1.26) (0.73) (0.16) ( 1.38) 

LogI'otalX -0.002 0.049 -0.045 -0.021 -1.077 -0.750 0,66 0.20 
(0.55) (0.98) (0.80) (1.60) (1.03) (0.67) (1.93) 

Tradi-
tional TotalX -0.0006 0.697 -0.356 0.475** -0.063 0.055 0.027 0.05 

(0.03) (1.82) (0.90) (2.00) (1.59) (0.59) (0.67) 

LogTotalX -0.001 0.050** -0.022 0.023** -0.852** 0.289 0.310** 0.14 
(0.93) <3.14) (1.32) (2.26) (2.40) (0.78) (2.50) 

Spirit-
ual TotalX -0.004 2.102** -1.708** 0.085 0.047 0.028 -0.050 0.41 

(0.18) (7.91) (5.47) (0.62) (1.39) (0.32) ( 1.21) 

LogTotalX -0.001 0.093** -0.063** -0.005 0.660 0.337 -0.235 0.24 
(0.83) (5.20) <3.02) (0.54) (1.35) (0.65) (1.14) 
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Table 8.19 OLS Estimates of Subgroup Medical Care Demand With Area Cost 
Indices or Emphasis on System Characteristics Continued 

VARIAPLE DEPENDENT ------ EXPLANATORY VARIABLES------
SlJOOROOPS VARIAPLE AGE YDAYSLOS RES'IDAY GRADE MINOr TINDr PINDr R2 

8. LITERACY 

Never-
Can TotalX -0.069 -0.265 0.222 -0.029 -0.292 0.155* 0.32 

(1.13) (0.52) (0.53) (0.42) (1.82) (2.03) 

L:>gTotalX -0.007 -0.011 0.011 -0.799 -1.946 0.865 0.24 
(1.01) (0.19) (0.24) (0.44) (1.11) (1.30) 

Never-
Can't TotalX -0.022 0.302 0.084 -0.034 0.056 0.008 0.02 

(1.13) (0.85) (0.23) (1.17) (0.76) (0.24) 

L:>gTotalX -0.002** 0.040** -0.006 -0.607** 0.347 0.195 0.10 
(1.13) (0.85) (0.23) (1.17) (0.76) (0.24) 

Now-
Can TotalX -0.008 4.317** -3.548** -0.201 -0.028 0.057 0.015 0.13 

(0.08) (4.68) (4.17) (0.73) (0.49) (0.47) (0.23) 

L:>gTotalX -0.003 0.123** -0.066** -0.003 -0.314 -0.334 0.174 0.13 
(0.80) (3.67) (2.13) (0.28) (0.67) (0.82) (1.02) 

Now-
Can't TotalX -0.010 0.839** -0.007 -0.016 -0.094 0.053 0.32 

(0.05) (3.89) (0.04) (0.47) (1.41) (1.67) 

L:>gTotalX 0.004 0.105 0.001 0.008 -1.034 0.231 0.38 
(0.18) (4.46) (0.05) (0.01) (1.49) (0.88) 

Past-
Can TotalX 0.019 1.468** -1.313** 0.711 -0.034 -0.033 0.154 0.14 

(0.29) (3.00) (2.06) (1.88) (0.38) (0.17) (1.51) 

L:>gTotalX -0.002 0.084** -0.064** 0.021 -0.438 0.970 0.236 0.19 
(0.62) (3.88) (2.29) (1.24 ) (0.50) (1.23) (0.70) 

Past-
Can't TotalX -0.027 1.943 -1.958 2.288* -0.052 -0.242 0.171xO.34 

(0.26) ( 1.05) ( 1.06) (1.96) (0.29) (0.70) (0.94) 

LCGTOTALX -0.001 0.148 -0.139 0.069 0.797 -1.250 0.050 0.21 
(0.18) ( 1.39) (1.30) (1.02) (0.35) (0.67) (0.06) 
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Table 8.19 OLS Estimates of Subgroup Medical Care Demand With Area Cost 
Indices or Emphasis on System Characteristics Continued 

VARIAILE DEPENDENT ------ EXPLANATORY VARIABLES------
SUffiRClUPS VARIAILE AGE YDAYSLDS RESIDAY GRADE MINDX"'" TINDX"'" PINDX"'" ~ 

9. OOICE 

Self TotalX 0.001 0.022 0.002 0.007 0.0001 -0.001 0.002 0.01 
(0.68) (0.81) (0.06) (0.93) (0.0'7) (0.26) (0.68) 

LogI'otalX 0.0002 0.002 -0.0004 0.001 -0.017 -0.039 0.026 0.01 
(1.26) (0.64) (0.10) (1.31 ) (0.29) (1.14) (0.66) 

Fanily TotalX -0.015 -0.273 0.100 -0.041 0.005 -0.225 0.098 0.23 
(0.32) (0.82) (0.52) (0.21 ) (0.10) (1.78) (1.68) 

LogI'otalX -0.003 -0.031 0.023 0.002 0.478 -2.647** 0.515 0.38 
(0.78) ( 1.02) (0.74) (0.09) (0.52) (2.50) (1.33) 

!rug 
Seller TotalX 0.140 0.221 -0.447 0.342 -0.103 0.292 0.008 0.20 

(1.65) (0.39) (0.72) (1.09) (0.98) 0.27) (.08) 

Herb-
alist TotalX 0.099 -1.445 4.175 0.757 0.017 0.31 

(0.11) (0.29) (0.35) (0.42) (0.01 ) 

LogI'otalX -0.002 0.039 0.063 2.033 -1.029 0.31 
(0.10) (0.33) (0.23) (0.31) (0.12) 

Clinic TotalX 0.177 -0.267 0.362 0.376 0.193 -0.327 0.072 0.06 
(1.44) (0.21) (0.29) (0.72) (0.74) (0.75) (0.31) 

LogI'otalX 0.002 0.030 -0.013 -0.017 2.826 -0.557 0.043 0.35 
(0.47) (0.87> (0.40) (1.22) (1.74) (0.48) (0.09) 
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Table 8.20 Ordinary Least Squares Es~imates of Subgroup Medical Care 
Demand with Emphasis on Individual Characteristics 

VARIAIi.E DEPENDENT - - - -- EXPLANATORY VARIABLES ------
SlJB:jROOPS VARIAPLE AGE YDAYStDS MEDICALX DISTANT RESTDAY DISADAY GRADE ~ 

1. AIL TotalX 0.020 0.040 1.061** 0.682** -0.192 1.405*' 0.170· 0.38 
GROOPS (1.36) (0.15) (15.29) (9.27) (0.75) (3.82) (2.04) 

Log TotalX -0.0004 0.020** 0.041** 0.047" -0.011 0.059** 0.0004 0.71 
(1.03) (2.92) (23.23) (25.14 ) (1.61) (6.33) (0.17) 

2. SEX 

Male TotalX 0.025 0.179 0.812** 0.873** -0.350 1.491** 0.290* 0.20 
(0.97) (0.39) (4.51) (5.95) (0.80) (2.55) (2.03) 

Log TotalX -0.0002 0.022* 0.052** 0.046** -0.020* 0.064** 0.004 0.64 
(0.47) (2.34) (14.04) (15.3'T) (2.24) (5.28) (1.22) 

Fanale TotalX -0.0009 -0.077 1.196** 0.549** 0.048 0.825* -0.130 0.76 
(0.08) (0.37) (28.32) (10.75) (0.23) (2.34) (1.72) 

Log TotalX -0.0007 0.014 0.038** 0.048** 0.0006 0.046** -0.006 0.77 
(1.39) (1.55) (20.02) (21.04) (0.07) (2.96) (1.87) 

3. ocaJPATION 

Not TotalX -0.003 0.038 0.969** 0.283** 0.003 0.545* -0.019 0.29 
Active (0.13) (0.19) (6.36) (4.15) (0.02) (2.22) (0.29) 

Log TotalX -.0008 0.013 0.099** 0.041** 0.004 0.066** 0.004 0.64 
(0.67) (1.06) (11.12) (10.31 ) (0.40) (4.54) (0.92) 

Unem- TotalX 0.000 30.33 0.000 1.00 
ployed (0.00) (0.00) (0.00) 

Log TotalX (0.00) 0.65 0.00 1.00 
(0.00) (0.00) (0.00) 

T-Values are in p;irentheses 

* Coefficients sigrificant at 5 percent probability level 

** Coefficients significant at 1 percent probability level 
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Table 8.20 Ordinary Least Squares Estimates of Subgroup Medical Care 
Demand with Emphasis on Individual Characteristics 

VARIAI:[.E DEPENDENT ----- EXPLANATORY VARIABLES ------
SlEROOPS VARIAPLE AGE YIlL\.YSLOS MEDICALX DIsrANI' RES'IDAY DISADAY GRADE R2 

Subprofes-
sional TotalX 0.846 1.475 -1.268 3.089 0.42 

(0.96) (1.0'T) (0.32) (0.90) 

Log TotalX 0.016 0.065** -0.017 0.053 0.64 
(0.88) (2.23) (0.20) (0.74) 

Sales- TotalX -0.028 -0.082 1.365** 0.979** -0.023 -0.218 -0.323 0.78 
men (0.74) (0.11) (14.49) (6.60) (0.03) (0.14) (1.43) 

Log TotalX -0.001 -0.004 0.032** 0.059" 0.005 0.039 0.004 0.79 
(0.78) (0.19) (9.82) (11.67) (0.23) (0.76) (0.46) 

Fanner TotalX 0.005 0.179* 0.966* 0.328** -0.105 1.816** -0.039 O.frl 
(0.88) (1.95) (37.80) (12.31 ) (1.12) (13.64) (1.34) 

Log TotalX -0.0006 0.031** 0.049** 0.038** 00.023** 0.056** -0.004 0.80 
(1.37) (4.28) (23.98) (17.71 ) (3.10) (5.28) (1.81) 

Artisan TotalX 0.20'7 -4.527* -0.158 2.309** 2.480 1.756 1. frl8* 0.30 
(1.18) (2.09) (0.29) (3.70) (1.09) (0.66) (2.50) 

Log TotalX 0.003 ...Q.044 0.020** 0.069** 0.041 0.022 0.020* 0.78 
(1.23) (1.66) (2.97) (8.99) (1.48) (0.66) (2.15) 

4. ETHNIC 

Ga-Ada TotalX 0.020 -0.204 1.354** 0.882** 0.031 0.199 0.223 0.34 
(0.89) (0.49) (10.63) (6.61) (0.08) (0.35) (1.49) 

Log TotalX -0.0005 0.022** 0.039** 0.048!ff -0.015 0.024* -0.0009 0.64 
(1.14) (2.51 ) (14.31) (16.60) (1.79) (1.92) (0.12) 

TotalX 0.069· -0.955 0.719** 1.141** 0.728 5.737** 0.546*8 0.55 
(2.06) (1.13) (5.28) (7.27) (O.frl) (4.37) (3.15) 

Log TotalX 0.0004 -0.023 0.043** 0.059** 0.039 0.269** 0.011* 0.83 
(0.42) (1.01) (11.63) (13.99) (1.73) (7.59) (2.26) 

Akwapim TotalX -0.014 0.459 0.808** 0.337** -0.408 2.344** 0.073 0.44 
(0.44) (0.76) (5.85) (2.58) (0.72) (3.29) (0.45) 

Log TotalX 0.0001 0.032 0.037** 0.038 -0.021 0.064** 0.002 0.71 
(0.15) (1.76) (8.99) (9.76) (1.25) (2.98) (0.36) 
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Table 8.20 Ordinary Least Squares Estimates of Subgroup Medical Care 
Demand with Emphasis on Individual Characteristics 

VARIAaE DEPENDENT ----- EXPLANATORY VARIABLES ------
SUB:lROOPS V A.R.IAIl.E AGE YDAYSl.OS MEDICALX DISTANI' RESIDAY DISADAY GRADE ~ 

Fanti TotalX 0.011 0.393* 1.061** 0.357 1.287- 0.022 0.99 
(1.28) (2.99) (42.36) (1.96) (2.87) (0.45) 

Log TotalX 0.002 0.081** -0.005 -0.071 -0.289 0.020 0.93 
(0.54) (5.82) (0.05) (1.27) (1.01) (0.82) 

Northern TotalX -0.0001 1.015** 0.363** 0.006 3.034** -0.001 -.99 
(1.05) (5.58) (4.57) (1.11) (6.13) (0.82) 

Log TotalX 0.0011 -0.067 0.121** 0.060 0.384** 0.008 0.98 
(1.05) (1.11) (4.65) (10.30)** (3.11) (0.82) 

Non-
GhCB'lainan TotalX -0.0003 -0.002 0.997** 0.465** 0.016 -0.015 0.99 

(0.14) (0.09) (18.97) (46.12) (0.46) (1.44 ) 

Log TotalX -0.001 -0.011 0.043** 0.049** 0.023 -0.002 -.81 
(1.03) (0.55) (8.67) (8.32) (1.13) (0.35) 

5. VDURATIL 

New TotalX -0.005 0.019 0.981** 0.379** 0.078 0.683 -0.0005 0.83 
(0.80) (0.18) (33.18) (13.88) (0.72) (5.16) (0.02) 

Log TotalX -0.0002 0.029** 0.055** 0.0401Hf -O.Oog 0.032** -0.002 0.77 
(0.44) <3.11) (21.55) (16.75) (0.99) (2.81 ) (0.69) 

OVer TotalX 0.022 -0.179 1.056** 1.025** -0.174 3.215** 0.339* 0.36 
(0.91) (0.39) (9.17) (7.55) (0.41) (4.40) (2.16) 

Log TotalX -0.0003 0.005 0.031** 0.056- -0.008 0.103** 0.003 0171 
(0.59) (0.55) (13.71) (20.91 ) (0.90) (7.19) (0.96) 

6. DISEASE 

Fever TotalX 0.008 1.004** 1.194** 0.0009 -0.006 0.010 0.99 
(0.58) (56.05) (28.66) (0.10) (0.22) (1.19) 

Log TotalX 0.0001 0.001 0.105** 0.069** -0.0009 -0.0002 0.99 
(0.59) (0.67) (33.25) (42.84) (0.21) (0.10) 
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Table 8.20 Ordinary Least Squares Estimates of Subgroup Medical Care 
Demand with Emphasis or. Individual Characteristics 

VARIAEl.E DEPENDENT ----- EXPLANATORY VARIABLES ------
SUOOROOPS VARIAH..E AGE YDAYSI..DS MEDICALX DISTANT RE31DAY DISADAY GRADE R2 

Eye-F.ar TotalX -0.049 0.250 -1.372 0.830 -0.120 14.526** 0.488 0.52 
(0.62) (0.11) (0.49) (1.27) (0.05) (4.11) (0.83) 

Log TotalX -0.0007 0.011 0.004 0.066** -0.002 0.306** 0.016 0.69 
(0.42) (0.22) (0.07) (4.52) (0.03) (3.88) (1.20) 

Asthna TotalX 0.0009 1.003** 0.359** -0.025** - 0.0004 0.99 
(0.963) (95.61) (11.53) (3.97) (0.14) 

Log TotalX 0.001 0.024* 0.116** 0.057 0.0007 0.99 
(0.96) (2.45) (21.69) (11.24)** - (0.14) 

stomach TotalX -0.0010 0.072 0.976** 0.404** 0.104 1.018** -0.005 0.91 
(0.27) (1.41) (13.15) (16.79) (1.84) (6.57) (0.23) 

Log TotalX -0.0001 0.018** 0.135** 0.041** 0.012* 0.103 0.001 0.93 
(0.32) (3.13) (16.47) (15.39) (1.97) (6.01 ) (0.52) 

Boils TotalX 0.002 0.084 1.770** 0.169** 0.051 2.782** -0.025 0.98 
(0.34) (0.76) (75.90) (5.27) (0.61) (19.26) (0.62) 

Log TotalX 0.0004 0.019 0.033** 0.035** -0.002 0.092 0.002 0.80 
(0.47) (1.55) (12.92) (9.83) (0.23) (5.80) (0.48) 

Waist-
paiI'.s TotalX -0.011 0.776* 1.085** 15.125** -0.874* -0.050 0.97 

(0.63) (2.17) (2.50) (55.95) (2.37) (0.49) 

Log TotalX -0.0001 -0.004 0.163** 0.211** 0.005 -0.004* 0.96 
(0.23) (0.63) (20.17) (42.93) (0.66) (2.23) 

JalJ'ldice TotalX -0.027 -5.539 0.720** 1.~** 2.064 -0.411 0.63 
(0.18) (1.39( (3.22) (4.45) (0.52) (0.89) 

Log TotalX -0.004 -0.231* 0.032** 0.071** 0.119 -0.031** 0.88 
(0.97) (2.34) (5.71) (9.90) (0.81) (2.68) 

Diziness TotalX 0.013 0.051 0.907" 0.518** -0.072 0.499 0.149 0.51 
(0.74) (0.16) (12.78) (6.60) (0.23) (1.31) (1.72) 

Log TotalX -0.001 0.011 0.046** 0.040** -0.005 0.048** -0.003 0.70 
(1.62) (0.810) (16.27) (12.67) (0.38) (3.14) (0.75) 
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Table 8.20 Ordinary Least Squares Estimates of Subgroup Medical Care 
Demand with Emphasis on Individual Characteristics 

VARIAR.E DEPENDENT ----- EXPLANATORY VARIABLES ------
SUOOROUPS VARIAIU: AGE YDAYSLOS MEDICALX DISTANI' RES'IDAY DISADAY GRADE ~ 

7. RELIGION 

Protes- TotalX -0.016 0.059 0.916** 0.484** -0.015 0.955- -0.092 0.31 
tant (0.85) (0.16) (7.14) (5.41) (0.05) (2.10) (0.91) 

Log TotalX -0.0007 0.009 0.0lI4** 0.0lI3*8 0.001 0.053** -0.004 0.66 
(1.22) (0.81) (11.53) (15.26) (0.09) (3.65) (1.13) 

Catholic TotalX 0.160 -0.964 0.669* 1.554** 0.560 0.630 0.53 
(1.10) (0.52) (2.37) (3.96) (0.28) (1.44) 

Log TotalX 0.002 -0.016 0.039** 0.063** 0.041 0.024* 0.81 
(0.46) (0.38) (6.13) (7.11 ) (0.89) (2.37) 

Moslan TotalX 0.003 0.012 1.055** 0.429** -0.015 1.411** 0.003 0.99 
(1.65) (0.31) (7.12) (1.06) (0.35) (11.39) (0.36) 

Log TotalX -0.001 -0.006 0.065** 0.027** 0.009 0.183** -0.002 0.89 
(1.32) (0.29) (10.00) (3.18) (0.40) (4.03) (0.44) 

Tradi- TotalX 0.055 0.239 1.165** 0.851** -0.692 1.008 0.929" 0.40 
tional (1.76) (0.46) (9.23) (5.05) (1.31 ) (1.08) (3.06) 

Log TotalX 0.0002 0.034** 0.037** 0.048** -0.028** 0.043*11 0.008 0.11 
(0.45) (3.21) (14.56) (14.16) (2.62) (2.29) (1.23) 

Spiritual TotalX -0.004 0.256· 0.988** 0.436*' -0.252* 2.443** 0.005 0.96 
(0.65) (2.09) (25.51 ) (12.05) (2.24) (11.81) (0.15) 

Log TotalX -0.001" 0.046** 0.051** 0.045** -0.025 0.067** -0.009* 0.84 
(2.14) (2.91) (10.49) (9.88) (1.17) (3.86) (2.14) 

8. LITERACY 

Never- TotalX 0.024 0.066 1.038 0.399** -0.079 0.65 
Can (0.80) (0.21) (1.21) (4.98) -0.38 

Log TotalX 0.002 0.011 0.258** 0.041** -0.006 0.87 
(0.93) (0.52) (4.51) (8.69) (0.45) 

Never- TotalX 0.0001 -0.024 1.310** 0.658** -0.070 1.908*11 0.18 
Can (O.08) (0.13) (31.48) (11.54) (0.37) (4.94) 

Log TotalX -0.0006 0.026** 0.039** 0.056** -0.015 0.073** 0.78 
(1.51) (3.12) (21.33) (21.82) (1.82) (4.28) 
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Table 8.20 Ordinary Least Squares Estimates of Subgroup Medical Care 
Demand with Emphasis on Individual Characteristics 

VARIAELE DEPENDENT ----- EXPLANATORY VARIABLES ------
SUffiROOPS VARIAli.E AGE YDAYSI..OO MEDICALX DISfANT RESIDAY DISADAY GRADE R2 

NcM-Can TotalX 0.007 0.134 0.818 0.233 -0.036 24.7fr7** -0.188 0.70 
(0.10) (0.23) (1.54) (1.59) (0.07) (17.22) (1.18) 

Log TotalX -0.001 0.010 0.138*· 0.028** 0.010 0.558u 0.002 0.64 
(0.49) (0.44) (6.47) (4.74) (0.44) (9.67) (0.31) 

Now- TotalX 0.064 0.096 0.979** 0.523** 0.016 0.508*1t 0.95 
Can't (1.18) (1.07) (23.67) (15.87) (0.38) (6.53) 

Log TotalX 0.006 0.042** 0.090** 0.068** 0.0002 0.042*· 0.93 
(0.79) (3.36) (15.56) (14.65) (0.03) (3.84) 

Past- TotalX 0.156 -0.197 0.572 1.023** 0.347 1.116 0.742 0.22 
Can (1.41) (0.15) (1.98) (3.83) (0.26) (0.82) (1.21) 

Log TotalX 0.002 0.024 0.042** 0.042** -0.031 0.039 0.010 0.70 
(0.90) (1.09) (8.39) (9.02) (1.33) (1.67) (0.95) 

Past- TotalX -0.017 0.535 0.783*8 0.698** -0.497 -0.626 0.339 0.99 
Can't ( 1.35) (1.53) (20.79) (14.17) (1.45) (1.18) (2.17)** 

Log TotalX -0.002 0.055 0.040** 0.039** -0.046 -0.095 -0.028 0.90 
(0.98) (0.91) (6.15) (4.58) (0.77) (1.04) (1.06) 

9. OOICE 

Drug TotalX 0.033 -0.101 0.908** 0.328** -0.068 2.819" 0.045 0.13 
Seller (0.67) (0.30) (8.72) (3.24) (0.19) (4.32) (0.25) 

Log TotalX 0.003 O.Oog 0.050** 0.025** -0.005 0.105** 0.001 0.74 
(1.10) (0.46) (8.76) (4.53) (0.23) (2.95) (0.10) 

Clinic TotalX 0.042 -0.183 1.163** 0.436** -0.150 . -0.401 0.276 0.60 
(0.52) (0.16) (9.60) (2.54 ) (0.14) (0.30) (0.82) 

Log TotalX -0.003 -0.013 0.028** 0.038** 0.017 0.014 -0.013 0.65 
(1.36) (0.38) (7.64) (7.26) (0.53) (0.53) (1.26) 
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results in Table 8.20 with emphasis on individual characteristics are 

better than the results in Table 8.19 with emphasis on system 

characteristics or area cost indices. 

Effect of Medication Cost Index--MINDX. A priori, one expects a 

rise in the index of medication cost to lead to an increase in total 

medical outlays. It is essential to note that part of the variation in 

the total cost of medical purchased across groups of individuals 

reflects variations in the quality of services purchased instead of true 

differences in the cost of standard units of serv ice delivered. 

However, the cost of standard units of service would not be constant if 

the suppliers of medical care either price discriminate according to 

wealth/socioeconomic status or derive psychic benefits or satisfaction 

from treating the poor or a relative/friend. Given this type of 

variation one is likely to overstate the quantity of medical services 

purchased provided the elasticity of the demand schedule is less than 

one as the empirical results in Table 8.19 indicate for most of the 

population segments except the Akwapim Ethnic group with an elasticity 

of 5.899. Negative elasticities with respect to index in medication 

cost--MINDX, may be an attempt by certain consumers to substitute free 

FAMILY or SELF care for out-of-pocket expenditure. Groups wi thin this 

category include males, Ewe ethnic group, Fanti ethnic group, patients 

who suffer from dizziness and stomach disease problems, tradicional 

religious group, and those who have never been to school and cannot 

read. 

Major questions concerning the consumer's ability to choose 

between different combinations of medical care have also been raised. 
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For instance, it is doubtful that he could choose the appropriate 

amounts of medical care to achieve a particular level of health since he 

may not have the specialized knowledge required to make a medical 

choice. Generally, it is the sellers of the medical care that dictate 

how much health a consumer should purchase. The supplier, therefore, 

imposses on the consumer his own decisions as to the type of and amount 

of medical care that the consumer should purchase. There may be no 

attempt on the supplier's part to balance costs against benefits, as the 

consumer might do. This has led some researchers like Wirick and Barlow 

(1964), to believe that wealth, income, price or costs of medical care 

place little restriction upon the purchase of health care as the 

empirical results in Table 8.19 indicate. In addition, when medical 

need is very serious (i.e., when the stock of health is very low), it is 

quite clear that economic variables provide little guide in determining 

the amount of medical care that the consumer will demand. In view '~)f 

this, one should be cautious about the implication of the results 

concerning MINDX in Table 8.19. 

Effect of Travel Cost Index--TINDX. As in the case of MINDX, 

one expects a rise in total medical outlays when there is an increase in 

the index of travel cost--TINDX. However, negative elasticities with 

respect to index of travel cost as in the case of MINDX might, 

similarly, be interpreted as an attempt by certain consumers to 

substitute free FAMILY or SELF care for out-of-pocket expenditures. 

Population segments exhibiting this type of behavior as indicated by 

results in Table 8.19, include occupationally not active groups (e.g., 
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housewifes, pensioneers, children not in school etc.) and the Akwapim 

ethnic group. 

Effect of Consultation Cost Index--PINDX. The implications of 

changes in the index of consultation cost are similar to those of TINDX 

and to some extent MINDX. However, wh.en one considers the effect of 

consultation cost, consumers with negative elasticities within the Danfa 

population include patients who suffer from waistpains and those with 

positive elasticities of demand includes males, farmers, Artisans, Ewe 

ethnic group, consumers with new disease condition, patients who suffer 

from stomach problems and Dizziness. 

Finally, most of the estimated elasticities are not 

significantly different from zero for most of the estimated subgroup 

demand curves (i.e, with respect to the index cost variables). As 

pointed out earlier, this could be due to the many influences that these 

variables have on the demand for medical care. For example, PINDX in 

one relationship would be positively correlated, while in another it 

would have a negative effect on demand for medical care. 

Effect of Education--GRADE. If there is an increase in the 

level of education or GRADE (i.e, the number of years in school) then 

total expenditure on medical care may either increase or decrease or 

remain unchanged. 

Assuming that there is a positive correlation between the level 

of education and search for information in the market place, then an 

increase in education also increases the consumer's efficiency in the 

production of "good" health, since he makes use of better quality 

medical care and better use of his own time. Therefore, the more 
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efficient consumer is likely to purchase less medical care than the less 

efficient consumer, in order to obtain the same increase in his stock of 

health. That means, the higher the level of education (GRADE), the 

lower the level of total medical expenditures. The results in Table 

8.20 indicate that the following population segments fall within this 

category: females, groups which suffer from jaundice and waist pains, 

and consumers who attend spiritual worships. 

On the other hand, if it is assumed that the wage rate (or 

earnings) and level of education are positively correlated, then an 

increase in the education (GRADE) will lead to an increase in demand for 

medical care since education raises his earnings or income. That is, 

the more educated consumer can afford to pay more for high quality drugs 

and services. In Table 8.19, groups which fall within this category 

are: males, Artisans, Ewe ethnic group, Catholics and Traditional 

religious groups. 

Effect of Unhealthy Days--SICKTIME. The number of unhealthy 

days in this study is measured by RESTDAY, YDAYSLOS and QDISADAY. For 

certain individuals every YDAYLOS (from school/work) is a RESTDAY (away 

from usual acti vi ties), but the converse is not true, because RESTDAY 

might occur on a Saturday, Sunday, holiday, or vacation day or because 

an individual might go to work even though he does not feel well but 

might cut down on his non-market activities. 

Although RESTDAY is a more useful measure of sick time than 

YDAYSLOS, both are included because it seems likely that YDAYSLOS is a 

more objective concept than RESTDAY. That is, individuals can more 
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easily recall and identify YDAYSLOS and with more precision than they 

can recall and identify RESTDAY. 

Theoretically, it is obvious that an increase in the number of 

unhealthy days will lead to a rise in the demand for medical care or 

total medical expenditures, since the stock of "good" health is related 

to the number of healthy days. This positive correlation between 

medical outlays and sick time, reflects the positive relationship 

between medical care and the depreciation rate of health stock. 

However, some of the empirical results presented in Table 8.19 

may be misleading in that while an increase in the number of unhealthy 

days may lead to an increase in the demand for medical care or total 

medical outlays, there may be an attempt by the individual to substitute 

free FAMILY medical care or SELF care for an out-of-pocket expenditure 

on medical care and thus, while the individual may demand more medical 

care, one may find that the number of unhealthy days and out-of-pocket 

medical expenditures (TOTALX) are negatively correlated. Population 

segments which exhibit this kind of behavior are males, Artisans, groups 

suffering from asthma and waist pains, and the spiritual religious 

group. 

Effect of Age. If age measures differences in the depreciation 

rate of health between individuals with the same stock of health, then 

age is a proxy for the probability of illness, and therefore, one 

expects that as age incregses and the probability of illness increases, 

then the consumer demands more medical care which leads to an increase 

in medical outlays. 
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If, on the other hand, age acts as a proxy for experience, or 

non-formal education, then age (informal knowledge) increases the 

consumer's awareness of medical need and different medical techniques 

which lead to an increase in consumer's expenditure on medical care for 

a given level of health. As pointed out earlier, a negative correlation 

between age and medical outlays may be an attempt by the individual to 

substi tute free FAMILY or SELF care for out-of-pocket expendi ture. A 

group within this category is the spiritual religious group. 

Effect of Socia-Cultural Groups. It is well known that an 

individual's attitude towards medical care would be correlated with his 

knowledge and his cultural assumptions. In this study, the concept of 

culture refers to the way of living that distinguishes different groups 

or societies. The factor which could not adequately be investigated 

with these data and which may be very important is perceived etiology. 

It is logical to expect that in every cultural group, individuals with 

an episode of illness will seek treatment at an agency they feel most 

likely to cure them. Regardless of culture, that agency is likely to be 

perceived as the one which understands underlying causes and hence the 

manner in which an individual enters the "sick role" can be understood 

in terms of a cultural pattern. 

Generally, ethnic and religious groups differ as to their 

knowledge of disease, attitudes towards medical care, and response to 

illness. Some groups may be least informed about disease, most 

skeptical about benefits of medical care, most skeptical about the 

providers' interest in the patient's welfare, and least likely to enter 

the "sick role". Thus, cultural assumptions can affect the type and the 
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amount of medical care that individuals will purchase. For instance, 

the more homogenous ethnic groups or groups with high degree of socio

group organization are more likely to demonstrate a greater non

scientific approach to medical care (i.e., they are more likely to 

depend upon group support, e.g. FAMILY care) and thereby reducing total 

medical expenditures on providers of health care. That is, there exists 

negative correlation between TOTALX and the number of unhealthy days for 

these groups. In Table 8.19, such population segments include the 

ethnic groups of Ewe, Ga-Adangbe, and Non-Ghanaians and the spiritual 

religious group. 



CHAPTER 9 

SUMMARY AND CONCLUSIONS 

Having completed the investigation, the aim of this chapter is 

now to summarize the main points of each of the preceding chapters and 

also to consider wha~ appropriate conclusions may be drawn from the 

empirical analysis. 

The purpose of this study was to develope a theoretical and 

empirical framework for analyzing the demand for medical care in a rural 

community. Knowledge of the demand for medical care is important for 

two reasons. First, if the consumer of medical care is primarily 

interested in achieving a l-evel of "good heal~h" because the 

al ternati ve, "ill-health" is a source of disutility and reduced earnings 

or reduced national income, then medical care is a primary input in 

obtaining "good heal ~h" or in the supply of the labor force. It would 

thus be important to know the relative extents to which certain factors 

influence the health care seeking behavior of different groups in a 

community. The second reason why knowledge of the demand for medical 

care is important concerns the fact that the medical care industry is a 

major user of resources. Thus, public policy decisions concerning the 

amount of resources that should be available for the production of 

heal th services would depend upon ~he amounts of these services that 

consumers would demand. That means, policy decisions concerning the 

production and the distribution of health services in a community will 
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be ineffective if policy makers do not understand the complex 

relationship between the demand for medical care and a number of socio

economic variables that influence consumer behavior. 

Three hypotheses formed the basis of the analysis of the data 

concerning an individual's decision in a community to select one health 

care modality rather than another. These three hypotheses were combined 

into a single and a more general one as follows: 

There is no significant difference between users of various 

health-care institutions and factors describing an individual's: 

1. Existence of real physiological needs; 

2. Perception of real or supposed physiological needs; 

3. Willingness-to meet felt needs by securing medical care; 

4. Ability to secure medical care. 

In order to develop a comprehensive operational empirical model 

for analyzing the choice behavior of individuals and groups we 

classified the sources of treatment into five categories: SELF, FAMILY, 

DRUG SELLER, HERBALIST, and CLINIC. To explain the differences in the 

health-care-seeking behavior of the different groups of consumers, a 

number of explanatory variables describing the consumer's perception, 

ability, and willingness to secure care was considered. Some of these 

were: age, sex, education level, ethnic origin, religion, type of 

disease, 11 teracy status, health condition, medication expense, travel 

expense, occupation, distance traveled, etc. With the above general 

points in mind, we will now briefly summarize the main points of each 

chapter. 
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Chapter 2 provided us with the historical background of medical 

care, medical practices and the levels of medical skills in ancient 

Africa, i.e., before contact with Europe. This chapter pointed out that 

modern presentations of ancient medicine deprive Africans of the 

knowledge of their early contributions to the world's first medical 

knowledge and literature by ignoring or subtly misrepresenting the 

African identity of the ancient Egyptians. It was obvious that there 

was no single paradigm of medical practice that applies to all of 

Africa. However, many of the essential features of the various 

traditional systems are comparable and even identical. 

Most Africans are of the view that moral, social or spiri tual 

trar.sgressior.s are likely to lead to illr.ess because they create both 

individual and communal disharmony. Without the psychospiritual cure, 

the medicinal cure in Africa is considered useless. Ir. some societies, 

it has also been ackr.owledged that the traditional African doctor is 

ofter. ar. expert psychotherapist, achieving results with his patient that 

cor.ver.tior.al Westerr. psychotherapy car.not. 

In this chapter, it was also poir.ted that although medical 

practices of Africans in ar.cier.t Egypt influenced and cor.tributed to the 

development of medicine ir. ancient Greece, there is a claim that Africa 

has been subjected to so many centuries of cor.tinuous political, social, 

economic, and cultural invasion and disruptior. that a tremer.dous amount 

of knowledge has been lost ar.d so "the state of traditior.al medicine 

today does not reflect the best of what the tradi tior.al doctors knew" 

but surviving fragmer.ts of eyewitr.ess reports still tell people quite a 

lot. 
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In Chapter 3, we presented a description of the medical 

ir.stitutions of the country Ghana, in ~lest Africa, by providing an 

insight into medical practices, medical training, the types of medical 

practitioners, and common disease conditions treated in Ghana. 

Limited reliable data make it difficult to quantify and compare 

health problems in various sectors of Ghana. However, it is indicated 

that, apart from prenatal problems, child health in Ghana is diminished 

by the interaction of malnutrition and infectious disease problems such 

as malaria, measles, and pneumonia. Accidents and hepatitis are 

important problems of the youth and middle-aged adults, while older 

people are afflicted by heart disease, hypertension, strokes, and 

pneumonia. In Ghana, a list of practitioners, whom consumers can turn 

to for their health care needs, would include relatives/family, 

traditional healers, herbalists, spiritualists, hospitals, clinics, 

private doctors, pharmacies, chemists, and retail drug stores. 

Within the context of traditional cosmology in Ghana p it was 

pointed out, in this chapter, that illness is not considered as just the 

result of pathological change but the result of forces of the 

supernatural world, because to them there are not clear cut distinctions 

between the natural and the supernatural world. That is, the concept of 

the etiology of health and illness is far more behavioral than 

biological. This chapter has also identified the various modes of entry 

into traditional medical practices in Ghana. These include: spirit 

possession, association with dwarfs, dreams and revelation, purchase of 
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herbal and medical knowledge, inheritance of medical knowledge, and the 

Institute of Herbal Medicine at Nsawam. 

In Ghana, scientific medicine which depends on observation and 

experimentation to seek the natural causes of illness, was introduced 

since 1844 amid strong opposition from the people of Ghana to the policy 

of colonial health services expansion by the Sri tish. But today, its 

acceptance is reinforced through its ability to deal with various 

tropical infections, the process of formal education, and access to 

higher income resources and opportunities. 

In Chapter 4, we attempted to derive the rationale for a mode

choice model from the theory of consumer demand. That means, we were 

concerned with the implications of the theory of consumer choice in 

regard to the dema~d for medical care. We found out that based upon the 

household objective of utility maximization and the set of constraints-

income, wealth, time, information, and health--the demand for medical 

care can be estimated as a function of those characteristics describing 

in broad terms the factors of the household's needs, perception, 

willingness to secure care, and ability to secure care. 

In this chapter, the model, which formed the basis for our 

inferences about the decision to seek medical care in a community is in 

the spirit of general consumer models of Lancaster (1966), Lesourr.e 

(1977), Taylor (1979), Auster and Ho (1977), etc. In an attempt to 

express the real constraints with which individual behavior is 

confronted, we considered the individual in the diversity of his roles 

in society and also represented him with all the variety of his tastes 

and abilities and with the wealth of the constraints on income, health, 
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time, and information that limit his access and usage of medical 

facilities in his community. In order to forecast the usage of a health 

care facility or to predict individual decisions or choices, we 

considered, in this chapter, the theoretical specification of choice 

probability functions or discrete choice models (i.e., disaggregate 

demand models). 

Chapter 5 was concerned with the appropriate method of the 

discrete choice models developed in the previous chapte~ This chapter 

was devoted to gaining an insight into the difficulties of using 

standard OLS regression procedures and the methods for dealing with such 

problems when a discrete choice model is adopted. We found out that 

specification problems concerning discrete choice models include: 

1. Zero mean assumption for the error term in the model is no 

longer valid; 

2. The homoskedasticity assumption is no longer tenable; 

3. Predictions of the dependent variable falling outside the unit 

interval is possible; 

4. Predicted probabilities can either exceed one or fall below 

zero; 

5. Estimated standard errors are not consistent and the multiple-R2 

measure is no longer meaningful. 

The statistical comparison of the available methods--linear 

probability models, inequality-restricted least squares model, probit 

model, logit model, discriminant analysis, etc.--demonstrated the 

advantages and disadvantages associated with the use of each method. 
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For instance, the linear probability model corrects for 

heteroskedasticity while the inequality-restricted model ensures that 

the predicted probability falls within zero-one interval. The 

discriminant analysis can be used if the objective is to minimize the 

probability of misprediction for a randomly selected individual. In 

terms of their statistical properties, it is difficult to distinguish 

between Probit and Logit models. Both are based on the assumption that 

there exists a monotonic relationship between choices and the attributes 

of the decision makers and the alternatives. Instead of relating the 

probability, Pi, to the measured attributes, the Logit model relates the 

log odds, log Pi/(1 - Pi), to the measured attractiveness. In addition 

to avoiding the use of a stochastic error term, the logit analysis is 

based on the assumptions of Independence from Irrelevant Alternatives 

(IIA) and a Weibull (or double exponential) distribution for the 

independent and identically distributed (IID) error terms. That is, it 

assumes that the ratio of the odds of choosing one alternative over 

another alternative remains unchanged as other alternatives are added or 

deleted from the choice set. The probit model relaxes these lID and IIA 

assumptions by substituting the multivariate normal for the Weibull as 

the distribution of the error terms. A likelihood ratio test or the 

chi-square goodness-of-fit test can be used to test the violation of the 

IIA or lID assumption under the hypothesis that the estimated model is 

correct. 

In Chapter 6, we described the sample data used in this 

investigation. This chapter focused on the study variables associated 

with the target population in the village of Danfa in the Greater-Accra 
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Regiop. of Ghap.a. Measures describip.g population and practitioner 

characteristics ap.d differep.t types of efforts made to reach 

practitiop.ers were examip.ed ip. terms of their availability ap.d 

usefulness in explaining the choice of health care facilities by the 

individual respondents. The data used ip. this study were directly 

selected from the Morbidity Survey, Health Practices Survey, ap.d Village 

Health Survey instrumep.ts available oP. tape at the UCLA Statistical Bio

mathematical Cop.sulting Clinic, Los Angeles. The sampling technique was 

essep.tially one of randomized cluster sampling on households. 

Chapter 7 devoted more attention to exploratory ap.alysis of the 

data in order to create a useful data base by organizing it in a form 

suitable for the estimation of the discrete choice models and log-linear 

models. To ensure a represep.tative subsample a cluster samplip.g 

technique was used to yield a sample size of 957 observations. A 

compact summary of the data ip.dicates that for all groups withip. the 

Danfa populatiop. the average: 

1. Total medical expenses per outpatient visit is 1.82 cedis [is 18 

percep.t of the minimum weekly wage rate ip. 1974-75 ($1 = 1.15 

cedis in 1975)]. 

2. Total cost of travel to the source of treatmep.t per outpatient 

visit is 0.39 cedis (i.e., 21.43 percent of average cost of 

medical care). 

3. Total cost of medicatiop. per outpatient visit is 0.77 cedis (is 

42.31 percent of average cost of medical care). 
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4. Consultation fees pel" outpatient visit. is 0.40 cedis (is 21.97 

percent of average cost of medical care). 

5. Distance traveled to the source of treatment per outpatient 

visit is 5.47 miles. 

6. Number of days lost from work/school due to ill-health per 

outpatient visit is 11.49 days. 

7. Number of days restricted from performing usual activities per 

outpatiel'!t visi t is 0.87 days. 

8. Number of days completely disabled per outpatient visit is 0.19 

days. 

9. Age is 35 years while the median age is 31 years. 

A discussion of the chi-square tests of independence between 

choice of treatment and the explanatory variables indicate that sex, 

ethnic, and religion have little or no influence on the type of medical 

facilities chosen. This chapter also attempted to measure the relative 

degree of success (LAMDA), the relative decrease in the lor.g-run 

proportion of incorrect predictior.s (TAU) and the relative reduction in 

uncertainty when predictir.g into which subgroup of the dependent 

variable--CHOICE, an individual might fall given that the subgroup of 

the predictor variable is known versus unknown. Variables with measures 

exceeding 20 percent in all three cases include MEDICALX, XTRAVEL, 

TOTALX and DISTANT. 

In order to examine the importance of interactions between 

factors in explaining choice behavior we fi tted a (hierarchical) log

linear model ar.d used Browr.'s tests of simultaneous and association to 

justify the need for interactions of a certair. order and to determine 
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whether the interaction effects are necessary in the model for the data 

being used. The results of the above tests indicate that some of the 

interactions definitely needed in our discrete choice models include: 

age-sex, age-durations of illness, age-days lost, religion-sex, disease

sex, occupation-sex, occupation-duration of illness, religion-duration 

of illness, disease-duration of illness, grade-sex and grade-duration of 

illness. Questionable interaction effects include: disease-days lost, 

disease-TotalX, religion-days lost and ethnic-days lost. 

In Chapter 8, we presented the results of our empirical analysis 

of the demand for medical care in Ghana, West Africa. The basic 

methodology selected for the empirical study involved the use of 

stepwise logi t regression, discriminant analysis, and multiple 

regression to undertake three main investigations. 

This chapter was partially devoted to the analysis of four 

different empirical logit choice models. That is, logit choice models 

with: 

1. No interactions of the explanatory variables with emphasis on 

"ability" variables or system characteristics; 

2. No interactions of explanatory variables with emphaSis on 

"willingnes" variables or individual characteristiCS; 

3. Interactions of predictor variables with duration of illness 

variable; 

4. Interactions of explanatory vari abIes with SEX variable. 

Separate models were estimated for each source of treatment. 
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The stepwise results of the "best" subsets of predictor 

variables indicate that, with the exception of the choice model for 

HERBALIST, the goodness-of-fit chi-square tests (Brown and Hosmer) show 

that the Logi t Choice Model is appropri ate for the sample data under 

investigation. However, there is little doubt about the choice model 

for DRUG SELLER with emphasis on individual characteristics and CLINIC 

with emphasis on system characteristics (i.e. area cost indices etc.). 

In the light of the fact that one of the aims of this study was 

to find out which type of explanatory variables provide the best 

explanation of the observed choices of medical care facilities, we used 

stepwise discriminant analysis to determine the subset of predictor 

variables that maximizes group differences. From this analysis, it is 

concluded that TAVX (area average cost of travel at own source of 

treatment) is the "own ability" variable that discriminates best between 

groups whereas "history of injection"--HINJECT--is the best if 

"willingness" as well as all explanatory variables are considered. The 

discriminant analysis appears to perform well when we consider all 

explanatory variables with emphasis on "own ability" variables rather 

than emphasis on "substi tute abili ty" variables, since most cases are 

predicted correctly for each source of treatment. Factors which 

discriminate best between groups include age, distant, average cost of 

medication at own source of treatment, average cost of medi cation at 

substitute source (CLINIC), average cost of travel at own source, number 

of disabled days, total expense, and history of injection. 

One of the aims of this chapter was to consider the effects of 

changes in the levels of the attributes of the decision makers and the 
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alternatives on the total amount that consumers spend on medical care. 

Thus, multiple regression techniques were used to estimate the demand 

curves for di fferent segments of the population. Two types of 

functional relationship--LINEAR and SEMI-LOG--were considered with total 

medical expenditures as the dependent variable. Two sets of results 

were obtained for each linear and semi-log functions (i.e. one with 

emphasis on system characteristics or ability variables e.g. area cost 

indices and the other with emphasis on individual characteristics, e.g. 

health condition variables). These explanatory variables include: age, 

area cost indices of medication, travel and consultation, number of days 

lost from school/work, number of days restricted from usual activities, 

number of days completely disabled, and number of years of schooling. 

The estimated results for the different subgroups within the population 

indicate better fit for the "Semi-Log" relationships and for models with 

emphasis on individual characteristics. 

The multiple regression results also provide some evidence that 

most of the estimated coefficients for AGE, MINDX, TINDX, PINDX, and 

GRADE are insignificant for most of the estimated demand curves. A 

probable explanation is the result of many influences that these 

variables have on the amount of medical care purchased. For example, 

GRADE, in one relationship wi th total medical expenses, would have a 

positive effect on demand because the more educated (with increased 

earnings) is able to purchase ~ care while in another relationship it 

would have a negative effect since as an efficient producer of "good 

health," the more educated consumer may pay less for medical care. 
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Therefore, if these two relationships are equally powerful for each of 

the above predictor variables, then they would appear uncorrelated or 

insignificant with amount of medical care purchased. 

Policy Implications and Conclusions 

The estimated models were finally evaluated to develop 

behavorial insights into the household's decision to seek medical 

attention. The study has revealed that some segments of the Danfa 

population in Ghana are more likely to exhibit an increasing preference 

or avoidance for certain health care facilities than others or use 

health care facilities in different ways by either purchasing more or 

less medical care than other groups. 

Some of the more interesting results from the analysis of the 

logit choice models are presented below: 

1. Consumers who suffer from high blood pressure are more likely to 

treat themselves. 

2. Population segments who believe in the African Traditional 

Religion and whose disease condition is new exhibit an 

increasing preference for FAMILY health care. 

3. The Ewe ethnic group and groups whose duration of illness is 

less than two weeks are more likely to choose drug sellers or 

pharmacies for treatment. 

4. Population segments which include sub-professionals with new 

disease condition, the Fanti ethnic group, and consumers who 

have never attended school but can read have an increasing 

preference for seeking medical care at Clinics. 
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5. Groups which are more likely to avoid treating themselves 

include Asthma patients, Fantis, indi viduals who have been to 

school and can read, and those with new disease condition. 

6. Moslems, Catholics, salesmen, and individuals beyond the age of 

60 years indicate the likelihood of avoiding their family 

members for treatment. 

7. Pharmacies or drug sellers are more likely to be avoided by the 

ethnic groups of Ga-Adangbe and Mole-Dagbani (Northern). 

8. Consumers who exhibit a decreasing preference for treatment at 

clinics include salesmen, sub-professionals, Ewes, housewives, 

pensioneers, and those who have attended school in the past and 

can read. 

Many policy changes are likely to affect different segments of 

the population differently. Therefore, aggregate point elastici ties 

wi th respect to changes 'in the cost of drugs were esti mated. Some of 

the results indicate that: 

1. A 10 percent increase in the average cost of medication at all 

CLINICS, all else remaining constant, will cause a 2.36 percent 

decrease in the overall probability of females choosing a CLINIC 

as a source of treatment but a 2.34 percent decrease in the case 

of males (i.e. direct elasticity). 

2. A 10 percent increase in the cost of drugs at all CLINICS will 

cause an 1.15 percent increase in the probability of males 

choosing DRUG SELLER as a source of treatment but 2.36 percent 

increase in the case of females (i.e. cross elasticity). 
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3. There will be a 1.85 percent decrease in the overall probability 

of all segments (considered as a single group) in selecting a 

CLINIC, if there is a 10 percent increase in the cost of drugs 

(i.e. direct elasticity). 

4. Finally, there will be a 4.73 percent increase in the overall 

probability of all segments in selecting the DRUG SELLER if 

there is a 10 percent increase in the the cost of medication at 

the CLINIC (i.e. cross elasticity). 

One important policy conclusion is that females and consumers 

within the age group 41-50 are the market segments with the highest 

probability of avoiding both CLINIC and drug sellers when there is an 

increase in the cost of medication at own source of treatment. 

The estimates of the linear and semi-log demand curves provide a 

useful framework for assessing the impact of factor changes on the 

amount of medical care a consumer is prepared to purchase. It might be 

useful, at this point, to discuss some of the more general conclusions 

that were implied by our study of the subgroup demand curves. 

The empirical results of these demand curves show that the net 

change in the amount of total medical expenditures will be different 

under different assumptions for different segments of the population. 

For instance, while an increase in the number of unhealthy days--i.e., 

days lost from school/work or restricted from usual activities or 

completely disabled--may lead to an increase in the amount of total 

medical expenditures, there may be an attempt by some segments of the 

population to substitute free FAMILY or SELF care for an out-of-pocket 

expenditure on medical care, and thus, while the individual may demand 
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more medical attention, one may find that there is a reduction in total 

medical expenditures. Such groups include males, Artisans, waist pains, 

and asthma patients groups and Apostolic religious group. 

If it is assumed that the more educated consumer earns a higher 

wage rate, then an increase in the level of education increases his 

ability to pay for higher quality drugs and services and therefore leads 

to an increase in the amount of medical care purchased. Population 

segments which fall within this category include Ewes, Catholics, males, 

Artisans, and consumers who believe in the African Traditional religion. 

If, on the other hand, an increase in the level of education in the 

production of "good" health, then the higher the level of education, the 

more likely is he to purchase less medical care. Females and jaundice 

patients belong to this group. If age is a proxy for the probability of 

illness then an increase in age leads to an increase in medical 

outlays. If, however, age acts as a proxy for experience or non-formal 

education, then age increases the awareness of medical need and 

therefore leads to an increase in medical expenditures. A reduction in 

expenditures as a result of increase in age may be an attempt by groups 

such as the Apostolic religious group to substitute free care for out of 

pocket expenditures. 

Finally, the implications of changes in the indices of 

medication cost, travel cost and consultation cost are all similar. 

A priori, one expects a rise in these cost indices to lead to an 

increase in total medical outlays. However, negative elasticities with 

respect to the indices may be interpreted as an attempt by certain 
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consumers to sUbstitute free FAMILY or SELF care for out-of-pocket 

expenditures. When one considers the effect of medication cost, market 

segments with such elasticities include males, Ewe ethnic group, Fanti 

ethnic group, patients who suffer from dizziness and stomach disease 

problems, traditional religious group, and those who have never been to 

school and cannot read. In the case of travel cost, such consumers 

include occupationally not active groups (e.g. housewives, pensioneers, 

children not in school etc.), and the Akwapim ethnic group. Lastly, 

population segments with negative elasticities with respect to the index 

of consultation cost include patients who suffer from waistpains. When 

one examines the values of the estimated elasticities, one is likely to 

conclude that almost each subgroup's demand is inelastic with respect to 

these area cost indices except the subgroups of Ga-Adangbe (travel 

cost), Akwapim (medication and travel costs), Fanti (medication cost), 

and consumers who seek treatment with the DRUG SELLER (travel cost) and 

FAMILY member (travel cost). 

General Conclusion and Policy Recommendations 

In summary, future improvements in the effectiveness of the 

health-care system and future policy decisions concerning the production 

and the distribution of health-care services in Ghana will be 

ineffective if policy makers do not understand the relative effects of 

system characteristics e.g. prices or individual characteristics, 

e.g. health condition, age, etc. on the demand for medical care in 

Ghana. This immediately introduces the following questions: 
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1. What key factors, issues and concepts are of major importance in 

the decision to seek and purchase medical care in Ghana, and 

what evidence do they provide for future policy making in health 

care, so that efficiency of resource allocation might be 

improved to the advantage of the Ghanaian community as a whole? 

2. Assuming that one of the objectives of a government health 

policy is the increase in welfare of members of the Danfa 

society, and that willingness-to-pay is the procedure to 

incorporate value judgement that a decision criterion shall 

reflect individuals' preferences, then will individuals choose 

different sources of treatment or spend different amounts on 

health-care just because they have different characteristics, 

e.g. health condition, age, etc. or because of differences in 

the quality of services or accessibility of services which are 

reflected in their relative prices? 

3. What policy measures can the Ghanaian health authorities adopt 

in future as a strategy for improving the nations health and at 

the same time reducing expenditures on medical care? That means, 

what types of policy options should be introduced or closely 

monitored (if they already exist) to effect changes in the rate 

of participation at various sources within the health system or 

in the rate of increase in health expenditure in the near 

future? 

From our investigation, one is likely to conclude that in Ghana, 

an individual's decision to seek or purchase medical care is more likely 

to be based on individual characteristics such as health condition (i.e. 
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number of unhealthy days), history of injection etc. rather than the 

system characteristics such as relative costs of medication, travel, or 

consultation. However, when individuals decide to take into 

consideration the ·effects of system characteristics, the most 

influential factor is the average cost of travel. So what potential 

consumers of health care face within the Danfa area is not really a 

"price" but a vector of access conditions, e.g. differential travel 

costs (time ar.d money) wher. one considers system characteristics. Other 

important system characteristics which affect decisio~s to seek and 

purchase medical care include average cost of medication at own source 

of treatment ar.d average cost of medication at substitute source 

(CLINIC). Sir.ce potential users of a medical care facility in Ghar.a are 

much more likely to take into consideration their health condition 

and/or duration of illness, we conclude that individuals put much more 

emphasis on their "healthy time" 01" "sickness-free-time"-an important 

input to work, leisure, ar.d all other activities. Thus, this study has 

shown that to the Danfa populatior. in Ghar.a inputs such as diet, 

housing, preventive care, and general life style, which directly affect 

"healthy time", may be far more important for most people than relative 

prices or costs at the poir.t of contact between the provider and the 

recipient of the service. That means, there a need to pursue a policy 

of reducing the number of unhealthy days through preventive health care 

education programs with the aim of affecting future demand in terms of 

the frequency of visi ts at a particular source or the amount of money 

spent on medical care. 
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In addition to above observations, this investigation has also 

shown that female consumers and age group 41-50 are the market segments 

within Ghana with the highest probability of avoiding health centers or 

polyclinics if there is an increase in the cost of medication. Thus, in 

future, any policy as an incentive for these groups to utilize medical 

facilities at government health centers should include some eligibility 

criteria which mayor may not have financial elements in them, 

e.g. community based health insurance programs for various occupational 

groups registered within the community or other community based welfare 

programs designed to improve their access capabilities such as improved 

incomes through credit Or current rural bank loan facilities to 

encourage proper organization of rural economic activities or the 

formation of private co-operatives for increased production and 

increased revenues so that in the future consumers can afford to 

purchase medication on their own or can afford to improve the level of 

household preventive care within the community. In addition, policy 

measures deSigned to reduce individual expenditures on health care must 

include an improvement in the level of public health education since our 

study indicates that, in the case of females, the higher the level of 

education, the more likely is she to purchase less medical care and 

drugs since a rise in the level of education increases their efficiency 

in the production of good health. 

On the providers' side policy measures designed to reduce the 

rate of increase in the cost of medication must include improvements in 

the prescribing behavior of practitioners at health centers and 

government health clinics such as reducing or eliminating the problem of 



286 

overprescribing by attempting to follow the "best practice" set of 

prescri bing recommendations suggested in a previous study by Ayi vor, 

Barnett, and Creese (1980). 

In conclusion, since most individuals' decision to choose a 

clinic or a medical facility is greatly influenced, according to our 

discriminant analysis, by "history of injection," i.e. whether an 

individual has received injection in the past or not, there is a need, 

as a matter of policy, to tackle more formally the issue of consumers 

attitude towards injectio~ For instance, as recommended in Ayivor et 

al. (1980), carefully researched efforts have to be made by the health 

education staff to inform consumers of the cost and therapeutic effect 

of injections, bearing in mind that individuals may associate higher 

costs with efficiency. Posters in the waiting area of outpatients 

clinics could explain that injections are not always necessary or 

beneficial. In terms of future developments of our theoretical model, 

there is a temptation to suggest that we need to aside from the usual 

scientific paradigm of optimization and move in the direction of using 

actual individuals or groups of them, as a substitute for the normal 

optimization rules that are held to capture the essential ingredients of 

human behavior within West Africa, especially Ghana, may thus have to 

become probably less system oriented and much more human if they are to 

give realistic insights into the manner in which individuals arrange 

their decisions and various activities in both time and space, since 

most of these societies are still in their infancy or embryonic stages 

of establishing permanent, modern, and much larger economic and 



287 

political institutions immune from the various ethnic, language and 

other natural heterogeneous factors and diversities, to protect and 

cater for their needs now and generations to come. 
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