
Chapter VIII

PRINCIPLES OF EXPERIMENTAL DESIGNS

H. Bradley Wells*

Many field studies have been conducted to determine
the impact of family planning programmes on fertility
but, when examined carefully, few would qualify as true
experiments. Some design features and limitation of the
better known experiments are reviewed by several au
thors. I Another report" examines the design and meth
odological features of 40 selected studies of "fertility
planning" and classifies them under eight categories.
These categories are implicitly arranged more or less in
order of design strength, in a range from strong to weak,
from true randomized experiments to a series of non
randomized quasi-experiments. 3

The aim in this chapter is to describe and illustrate the
common elements of both types of designs, true
randomized experiments and non-randomized quasi
experiments, and to amplify their major differences with
particular reference to the way in which those- experi
ments might be useful in determining the impact offamily
planning programmes on fertility levels. Before proceed
ing to the major purpose, an attempt is made to set the
stage by describing the potential place ofexperiments and
quasi-experiments in family planning programme
evaluation.

In practice, evidence of programme effects is usually
determined in a piecemeal fashion. The logical processes
and data required for informed decision making are of
such magnitude that an over-all evaluation plan is
required as part of the programme itself. Such a plan
could include a variety of different information systems
including both randomized experiments and prospective
and retrospective non-randomized quasi-experiments, all
of them phased and carried out over time so that
administrators, planners and politicians have the best
available evidence at each point in time for programme
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1 W. Parker Mauldin and John A. Ross, "Family planning experi
ments: a review of design", in Proceedings of the Social Statistics
Section, 1965 (Washington, D.C., American Statistical Association,
1966); Roberto Cuca and Catherine S. Pierce, "Experimentation in
family planning delivery systems: an overview", Studies in Family
Planning, vol, s, No. 12 (December 1977), .pp. 302-310.

2 E. T. Hilton and A. A. Lumsdaine, "Field designs in gauging the
impact of fertility planning programs", in C. A. Bennett and A. A.
Lumsdaine, eds., Evaluation and Experiment (New York, Academic
Press, 1975), chap. 5.

3 Somewhat along the lines given in Donald T. Campbell and Julian
C. Stanley, Experimental and Quasi-Experimental Desiqnsfor Research
(Chicago, Ill. , Rand McNally, 1963).
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planning and evaluation. Sound evaluation requires
advance planning, which must be included as an integral
component of programme management.

The 40 studies of fertility planning referred to above
include a wide range of programmes or treatments
intended to increase the acceptance or continued use of
fertility regulating practices." Although the ultimate aim
was to reduce fertility rates, in these studies with few
exceptions the outcome measures used for assessing
programme impact were (short-term measures of) re
ported behaviour indicating acceptance of contraceptive
methods rather than fertility rates. Use of such in
termediate behavioural measures can be justified on the
grounds that programme administrators need "useful
information early'" for making decisions about pro
gramme organization. However, perhaps the major
reason that intermediate impact measures are used is the
difficulty of maintaining control over the experience of
the different treatment and non-treatment groups for a
period sufficiently long to provide useful measures of
fertility." This difficulty gives rise to the need to utilize
one or more of the various indirect methods, which are
described in the other chapters of this Manual, 7 in order
either to convert such short-term measures as acceptor
data into births averted or to correlate programme and
non-programme variables with fertility measures. The
uncertainties and ambiguities that must remain after even
the most careful application of these non-experimental
approaches to estimating fertility effects argue for more
extensive use of randomized experiments. The over-all
price in terms both of costs and of time requirements for
conducting controlled randomized experiments may well
be less than the costs of such non-experimental ap
proaches. If it is sufficiently important to know more
reliably the programme impact on fertility, then the
experimental method may well be worth the added costs.

Unfortunately, practitioners use different terms more
or less interchangeably to refer to the same principle or
practice in design ofrandomized experiments as well as in
non-randomized studies. In this chapter the following
conventions, more or less consistent with the statistical

4 E. T. Hilton and A. A. Lumsdaine, lac. cit.
S W. P. Mauldin and J. A. Ross, lac. cit.
b E. T. Hilton and A. A. Lumsdaine, lac. cit.
7 Some of the v.irtues an~ disadvantages of this general approach to

evaluation are discussed 10 chapter II, "Standard couple-years of
protection" .



literature, are followed (this listing of definitions from
experimental design literature is very limited):

(a) "Experiment" with no adjective is used in a
restricted sense to refer to a "randomized (true) experi
ment", i.e., a study in which the experimental units
(subjects) are allocated randomly to two or more treat
ment groups. As used by Campbell and Stanley," this
procedure helps to "control for" internal validity, i.e.,
within the experiment extraneous (non-treatment) vari
ables are balanced at the beginning of treatment by prior
randomization. The term "controlled trial" is sometimes
used to refer to a "field experiment" where random
ization is possible;

(b) "Control group" refers to the (randomly allocated)
treatment group which gets no treatment although it
sometimes refers to a known effective treatment. "Con
trol", as a noun, is often used in lieu of control group;

(c) "Quasi-experiment" and "observational study"
are used interchangeably to refer to studies or trials in
which experimental units either cannot be or are not
randomly assigned to treatments;

(d) "Comparison group" refers to a non-randomly
selected group of experimental units in non-randomized
studies. Comparison groups are analogous to control
groups in experiments. They might better be called
"pseudo-control groups";

(e) "Control", as a verb, refers to the use of statistical
procedure(s) either to eliminate, adjust for or balance
(average out) the influence of intervening (non
treatment) variables on the response(s) to the treatment
variable. To "control" thus includes randomization in
experiments as well as stratification, blocking, matching,
covariance analysis and adjusted rates in both experi
ments and quasi-experiments.

A. USE OF EXPERIMENTAL DESIGNS

Measuring the impact ofa family planning programme
on fertility is analogous to any other scientific effort to
determine cause and effect. In the language of research
science a family planning programme can be described as
a treatment applied to (a group of) people in order to
produce (a response of) a lowered fertility rate. In this
context the group of people, or the community, can be
considered an experimental unit in which the hypoth
esized demographic effect is lowered fertility caused by
the family planning programme. 9

To determine the magnitude of the programme impact
on fertility is not simple. Suppose that fertility rates do
decline after the programme is initiated. How can it be
"proved" that the programme caused the decline? Re
searchers generally agree that the most acceptable ap
proach to the determination of cause-and-effect re
lationships is through the experimental method. Strict
application of the experimental approach to measuring

8 Op. cit.
9 The programme or demographic effect refers to the effect in the

population. It should not be confused with clinical or method effective
ness in prevention of births to individuals.
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the impact of a family planning programme on fertility is
of course very difficult. A brief review of thefundamen
tals may be useful in order to illustrate the strengths and
weaknesses.

1. The experimental approach

The experimental design is a plan for carrying out an
individual experiment.t? An experiment is a test or a trial
of the (hypothesized) response of the treatment units or
subjects to two or more treatments. Because the essence
of the experimental method is to compare results, two or
more treatments are required. One of the treatments may
be nothing, i.e., a presumably effective treatment may be
compared with no treatment (a control group). The
simplest type of true experiment would require assigning
people or population (groups) at random either to receive
the programme or to receive no programme. After the
two treatments (programme and no programme) are
administered, any differences in fertility levels between
the two groups would be due to Or caused by the
programme. If a known treatment is effective, unknown
treatment(s) can be compared with the known treatment
rather than with no treatment.

The key requirement is random assignment of exper
imental units to treatment groups, prior to initiating
treatments. When randomization cannot be done by
definition the study is quasi-experimental. Conta
mination or spill-over effects can occur with either
experimental or quasi-experimental designs. The eval
uators must continuously be alert for such departures
from desirable design practices. If they do occur, at
tempts must be made to adjust for them at the analysis
stage and/or to temper the conclusions which are drawn
from the results. After randomization all treatment
groups should be handled alike in all respects except for
differences in the treatments. These two requirements,
randomization and maintaining uniformity of treatments
(over time), are the prime reasons that pure experiments
are difficult to conduct in human populations. Other
elements ofexperimental designs include: stratification or
grouping of subjects into more homogeneous groups; an
increase of the number of subjects (sample size); rep
lication of the experiment; controlling for the effect of
intervening or related factors; use of unbiased measure
ment methods; taking of additional measurements; and
application of appropriate analytical procedures. All
these aspects of an experimental design are interrelated;
for example, analysis is based on the design. A good
general discussion of experimental design with emphasis
on social action experiments is given in a recent publi
cation;"! and a more technical statistically oriented
approach is provided in two other studies. 12 As the intent
in this chapter is to illustrate principles rather than cover

10 Henry W. Riecken and Robert F. Boruch, eds., Social Experimen
tation: A Method/or Planning and Evaluating Social Intervention (New
York, Academic Press, 1974).

11 Ibid., chap. III.
12 W. G. Cochran and G. M. Cox, Experimental Designs, 2nd ed.

(New York, John Wiley and Sons, 1957); and B. J. Winer, Statistical
Principles in Experimental Designs (New York, McGraw Hill, 1962).



the details of experimental design, attention is focused on
the logic of fundamentals and some of the difficulties in
conducting experiments. An understanding of the ration
ale of the experimental method is essential in order to
appreciate the requirements for making inferences from
quasi-experimental studies.

Randomization of subjects to the treatments is done in
an attempt to obtain balance between treatment groups
of the influence of all the intervening variables which are
not controlled by other design features, such as stratifi
cation, or through analysis. Randomization provides
insurance against biases which might influence the sub
ject or the investigator if non-random assignment pro
cedures were followed.

Logically, then, after deliberate stratification on the
important variables to control for their effect and ran
domly balancing on (all other) variables between treat
ment groups, differences in effectsgreater than those due
to random error are attributed to treatment differences. If
the subjects or experimental units are representative of
the population about which one wishes to generalize, an
experiment is, in theory, self-contained; i.e., all factors,
other than treatments, that might affect the results are
either controlled or balanced through randomization;
hence, inferences can be made about the effect(s) of
treatments.

Randomized experiments are used extensively with
non-human subjects. However, random assignment of
individual human subjects to specific treatments is not
usually possible unless they volunteer for the experi
ments. The results of experiments that test treatments
with volunteers are at best generalizable only to popu
lations of such volunteers. Nevertheless, useful pro
gramme data can be obtained in this way, e.g., intra
uterine device (IUD) acceptors who volunteer for an
experiment can be randomly assigned to any of the IUDs
being tested. 13

However, experiments can be designed with groups of
people as the experimental units, and the response of the
group is the variable of interest. For example, the extent
to which different education/propaganda efforts would
influence women to accept different family planning
methods was tested in the randomized experiment con
ducted in Country E and is reported as illustration A (see
section B. 2).14 Unfortunately, the experiment was not
designed to measure the impact of the different ap
proaches on fertility changes, although that measure
presumably would have been possible by compiling
fertility data for each small area. But the illustration does
suffice as an example of a randomized experiment.

The strengths of experiments in reaching conclusions
about cause and effect were briefly described above, but
there are some serious limitations in the conduct of
experiments for testing the effect(s) of social action
programmes such as family planning.

13 Christopher Tietze and Sarah Lewit, "Comparison ofthe copper T
and loop D: a research report", Studies in Family Planning, vol. 3, No.
11 (1972), pp. 277-278. .

14 Bernard Berelson and Ronald Freedman, "A study in fertility
control", Scientific American, No. 210 (May 1964), pp. 29-37.
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2. Limitations in use of experimental designs

The following difficultiesare important to bear in mind
when attempting to design randomized experiments in
family planning using groups of people in administrative
areas or subareas as experimental units.

Randomization of areas

Randomization of areas either to receive a programme
or not to receive the programme (serve as control group)
presents political and sometimes ethical problems. Most
politicians and the public are willing for their area to
become the recipient of a new programme but will not
willinglyserve as a control group. It may also be unethical
to withhold a potentially beneficial programme from
those who want it. One approach to the latter problem
would be to test planned variations in types or levels of
programme rather than having no programme as one of
the treatments. 15

Maintenance of uniformity ofprogramme

Maintenance of uniformity of programme (treatment)
is especially difficult in human populations because of
contamination or spill-over effects through communi
cation, migration and shifts in political attitudes and in
funding policies over time. Unless experimental areas are
far enough apart so that very little communication or
migration takes place during the course of the experi
ment, it is likely that differences between treatments will
be diluted and the results therefore underestimated.
Similarly, changes in local funding from other sources for
related programme activities might cause changes in the
programme. 16 Another pitfall is confounding the merits
of the programme with the staff involved in it.!? For
example, programme staff members who personally
prefer one type of contraceptive might, perhaps in
advertently, influence the choice of method accepted by
individual patients. Many experiments have been dam
aged because a unique personality has created an excep
tional effect in a particular group's performance. It is thus
advisable to rotate leadership personnel among the
experimental areas. It is essential that experiments and
other evaluation methods take into account the time
required for a response to show up-e.g., the time-lag of
nine months from conception to live birth assures that the
effects of a contraceptive programme show up, at the
earliest, about a year after programme initiation.

Unbiased measurement methods

Unbiased measurement methods may be difficult to
achieve unless the measurement system is independent of
the programme being evaluated. For example, field
workers whose primary job is conducting educational

i s Bernard G. Greenberg, "Evaluation of social programs", Review
of the International Statistical Institute, vol. 36 (1968), pp. 260-278.

16 Karl E. Bauman, "An experimental design for family planning and
program evaluation", in J. Richard Udry and Earl E. Huyck, eds., The
Demographic Evaluation ofDomestic Family Planning Programs (Cam
bridge, Mass., Ballinger Publishing Co., 1975), pp. 67-79.

17 B. G. Greenberg, loc. cit.
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programmes to induce women or men to become family
planning acceptors might well obtain different answers to
a Knowledge, Attitude, Practice (KAP) and fertility
survey than would interviewers hired and trained by the
statistical office. The preferred source ofdata for measur
ing fertility levels is a civil registration system, which
records all live births and tabulates and analyses the
resulting data for the various administrative units and
geographical areas of the country. (It is hoped that such
units would be used in allocation of programme and
control areas for experimental design purposes.) In
addition to an adequate civil registration system, census
data are required in the same geographical detail to serve
as the denominators for calculation of the appropriate
fertility indices for each area or combination of areas. A
major requirement of the measurement system for most
experimental designs is that it must be capable of
measuring time trends. Unfortunately, most countries for
which family planning programme evaluation is likely to
be undertaken do not have adequate vital statistics
registration systems and are thus lacking essential data
for the design of experiments. In the absence of civil
registration data, fertility measures may be derived from
census data and/or special surveys. But these surveys are
rarely conducted at sufficiently frequent intervals; and, at
any rate, their use often introduces additional data
problems.

Increase in size of experiment

Increasing the size of the experiment can be expensive,
depending upon what programme is being tested. In
measuring demographic response, the number of exper
imental units (subjects) is the number ofareas rather than
the number of persons involved in the experiments.

Controlling for effect of intervening variables

Controlling for the effect of intervening variables is
usually difficult. Prior to randomization, stratification,
blocking or matching on such factors as urban/rural
residence, marital status, age and parity of women,
educational level, prior use of contraception, desired
number of children and other known factors related to
fertility change can increase the precision of the results
and increase the chances of detecting relatively small
changes due to the programme. Similarly, post-strati
fication on such variables after the experiment and/or the
use of such techniques as mean adjustment and co
variance analysis can enhance precision in randomized
experiments.

Attention is increasingly being given to the ways in
which the experimental method can be used in evaluating
field trials of social programmes. 18 It appears fair to

18 R. L. Light, F. Mosteller and H. S. Winokur, Jr., "Using
controlled field studies to improve public policy", in Report of the
President's Commission on Federal Statistics (Washington, D.C.,
Government Printing Office, 1971), chap. 6; Carl A. Bennett and Arthur
A. Lumsdaine, eds., Evaluation and Experiment: Some Critical Issues in
Assessing Social Programs (New York, Academic Press, 1975); and
Robert B. Boruch and Henry W. Riecken, eds., Experimental Testing of
Public Policy, Proceedings of the Social Science Research Council
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conclude that, because of the difficulties of implementing
true experiments plus the general lack of knowledge and
experience of planners and decision-makers in using the
experimental method, it is not used to the extent that it
should be in evaluating social programmes including
family planning. The same factors undoubtedly also
operate to result in poorly designed non-randomized
studies.

3. Example of an experimental design for
a hypothetical country

To illustrate how experiments can be designed, con
sider a hypothetical country and make different assump
tions about how a programme might actually be im
plemented. The hypothetical country is divided into 20
provinces and the provinces are further subdivided into
an average of 10 districts per province. The central
Government, president and legislature decide to imple
ment a programme with the aim of reducing fertility
rates. Programmes will be implemented through district
health departments. Each province is administered by a
governor and a local council which determines pro
gramme policy and allocates resources to the districts
through the provincial health directorate. An agreement
is reached by all concerned that an experiment will be
conducted for three years, 1978-1980, and a formula for
allocating the funds and resources to the provinces is
accepted by all. Districts will be experimental units, thus
yielding 200 units for experimentation.

Assume further that even in this politically utopian
country civil registration of births is not complete in all
districts but a national census is planned for 1981. All or a
high proportion of district governments must be willing
to abide by a random allocation to serve either as a
control (no programme) or as a treated (programme) area
for three years. (Note that if some but not all agree,
randomization may be done within those districts, al
though this situation raises the question of represen
tativeness of the "volunteers".) For simplicity, it is
assumed here that all agree to participate.

Assume that resources are such that the programme
can be conducted only in 100 districts and the experimen
tal objective is to determine what the programme impact
will be over a three-year period. The simplest experimen
tal design in the absence of time-series data or fertility
data would be an "after only" randomized experiment.
To accomplish this design, there is first stratification by
province. Then a selection is made as nearly random as
possible, one half of the districts within each province to
be either treatment or control group. By collecting the
required data for each district in the 1981 census, fertility
can be measured for each experimental unit (district).
After the 1981 census data are processed, the (minimal)
extent to which the family planning programme has
influenced the fertility measure would be as shown in
table 106.

Conference on Social Experiments, 1974 (Boulder, Colo., Westview
Press, 1975).



19 Although time trends in fertility over the course of the programme
would not be available from (a single) census, recent trends may be
estimated from "own children" or related techniques. See Lee-Jay Cho,
"The own-children approach to fertility estimation: an elaboration", in
International Population Conference. Liege. 1973 (Liege, International
Union for the Scientific Study of Population, 1974), vol. 2, pp. 263-280.

Thus, R1 - Ro would be a measure of the programme
impact. Note that Ro and R 1 can refer to any fertility
measure whether based on a census or on other data, for
example, civil registration or survey data. 19 However, if
time-seriesdata on fertility measures are available, better
designs are possible and desirable, as discussed below.

Disadvantages of the design

Aside from the ethical question whether a family
planning programme can be withheld from some dis
tricts, the major problems of this design are mainly
administrative and political; for three years the districts
are arbitrarily defined as "programme" and "no pro
gramme" regardless of what is actually done. Some "no
programme" districts may begin providing serviceswith
out any provincial support; some "programme" districts
may provide no family planning services even if the
money is included in their budget. Records should be
kept of these deviations from the experimental design,
where they are known, so that they may be taken into
account in analysis of the results. Another short-coming
of this deisgn is the possibility of contamination and spill
over effects. If services are not available in a district,

Advantages of the design

The major advantage of this experimental design is
that random allocation should balance out such pre
programme and concurrent factors as:

(a) Levels of fertility;
(b) Previous use of contraception;
(c) Non-programme use of contraception;
(d) Quantity and quality of health staff and facilities;
(e) Access of people to services;
(j) Desire to practise contraception;
(g) Type of economy;
(h) Practice of abortion;
(i) Registration level(s) of births;
U) Other factors that may have an influence on the

fertility measure.
Another advantage is that each province is allocated a

certain amount of money, although only half of the
districts will receive any of it.

Fertility
imltx. /98/

Treatment
(type of programme)

Sample size
(number of
districts)

TABLE 107. DESIGN No.2: AFTER ONLY·FOUR GROUP
RANIX>MIZED

20 Far-sighted planners and evaluators would plan for longer range
studies based on the 1991census and/or on interim measures offertility.

21 B. G. Greenberg, loc. cit.
22 For a good illustration of the logic of factorial designs, see N. K.

Namboodiri, "A statistical exposition of the before-after and after-only
designs and their combinations", American Journal ofSociology, vol. 76
(July 1970), pp. 83-102.

23 Discussion of appropriate statistical techniques is beyond the
scope of this chapter. The regression techniques discussed in chapter
VII might also be appropriate for experimental designs. See also, for
example, W. G. Cochran and G. M. Cox, op. cit., for appropriate
techniques,

50 Type A: no family planning Ro
50 Type B: family planning R 1

50 Type C: family planning R 2

50 Type D: family planning R 3

people may be sufficiently motivated that they would
travel to an adjoining district for services or put pressure
on their own government to provide them. Contami
nation would tend to cause underestimation of the over
all impact of the programme. A serious limitation of this
experiment is that only the short-term impact of the
particular programme on fertility would be measured. 20

Another short-coming is that no variation in type or
intensity of programme, except those which would result
from unplanned district-to-district variations in implem
entation, can be studied. Design No.2 does permit study
of planned variation in programmes.

It probably is unrealistic to test "programme" versus
"no programme"; and as has been pointed out, 21 it would
be more acceptable to test different types of programme.
Types of programme could be defined as offering dif
ferent services or, alternatively, as different levels of
funding in the district. (Ideally, one type of programme
should still be "no programme" in order to take full
advantage of the randomized design.) If four different
types of programme are tested in a randomized design
with stratification by province, the results in 1981 could
be depicted as shown in table 107.

Thus, R 1- Ro' R 2 - Ro and R 3 - Ro would be measures
of the impact of the respective programmes. All of the
advantages and disadvantages described above for design
No.1 still apply, except that an additional advantage is
gained in that administrators and policy-makers have
information that may be useful for deciding which type of
programme among those tested is best.

More complex after-only designs are available which
would usually require more "treatment" groups, but they
are beyond the scope of this discussion.22

Additional data either in the form of time-series
measures of fertility or of related measures of associated
variables, if available, can often be utilized with appro
priate statistical techniques." to strengthen conclusions in
after-only designs. In particular, pre-programme meas
ures of fertility levels and trends by district used as

Fertility
ind.x. /98/

Treatment
(type of programme)

Sample size
(number of
districts)

TABLE 106. DESIGN NO.1: AFTER ONLY·TWO GROUP

RANDOMIZED

100 No family planning
100 Family planning
Treatment difference .
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Fertilily measuresderivedfrom:

TABLE 108. DESIGN NO.3: BEFORE·AFTER·TWO GROUP
RANDOMIZED DESIGN

(1)

(2)

(3)

Fertility

1976 198/Year of implementation
Samplesize

(number of districts)

50 First year (1978)
50 Second year (1979)
50 Third year (1980)
50 Fourth year (1981)

TABLE 109. DESIGN NO.4: FOUR GROUP RANDOMIZED

BEFORE·AFTER DESIGN WITH PHASED IMPLEMENTATION

2~ Ideally, districts should not be told the year in which they will
begl1~; but because ofle!ld tlm~ required for funding and planning, this
requirement would be Impractical.

For example, in formula (1) given below the percentage
difference in crude birth rates due to three years of
programme activities is derived as:

40-30 100- 41-39 100
40 x 41 x

Where R 1 1 and R4 1 for 1976and R 12 and R4 2 for 1981 the
crude ~irth rates .are 40, 41, 30 and 39 per 1:000
pop~latIon, respectively. Accordingly, 25 per cent - 5 per
cent IS equal to a 20 per cent decrease over the three-year
period:

[
R ll - R I 2 x l00J_[R4 1-R4 2 X l00Js.. R4 1

would be a measure of the percentage difference due to
three years of programme. Similarly,

[
R2 1 -R22 x l00J- [R4 1 -R4 2 X l00J

R2 1 R4 1

measures the two-year impact and

[
R3 1 -R32 x l00J- [R4 1 -R4 2 X l00J

R3 1 R4 1

measures the one-year impact.

De~ign No.4 differs from the other designs in that: (a)
there IS no real control group except that those districts in
which programmes begin only during the fourth year
presumably would not be affected by the programme by
1981;and (b) every district government knows that it will
have a programme within four years. 24 Otherwise, except
that it lacks "before measurement", it has all the
advantages and disadvantages of design No.2. It should
be noted that policy-makers and administrators must be
strong supp~rter~ and. advocates of randomized phased
implementation If this or a similar design is to be
implemented as planned.

Thus far, districts have been assumed to be the
experimental units because presumably programmes
would be implemented at that level and the ultimate

deciding who begins when. It is assumed here that 50 new
districts could be initiated each year and that all other
previously established programmes would continue each
year. The results in 1981 could be depicted as shown in
table 109.

/98/
census

/976
census

The before measures, R0 1 and RIP could not be
influenced by the programme; and because of randomi
zation procedures they should be equal except for
random error. Hence, little will be gained unless either
post-stratification or statistical procedures which take
into account the district-to-district variation in 1976
fertility are used in analysis. Addition of 1976 census
data, as in design No.3, to design No.2, willyield design
No.4, which is a "before-after-four group" randomized
design.

Another and perhaps a more realistic situation could
result if no district agreed to serve as a control and
resources for mounting a full-fledged programme were
limited. Suppose that policy-makers and administrators
decide that a four-year phased implementation will be
followed. Phased implementation can be done in a
randomized design utilizing all the districts that meet
eligibility criteria in each of the three years. Thus, each
district ~ould be randomly assigned to begin its pro
gramme 10 one of the first four years so that the national
programme would be completely implemented by the end
of the fourth year. Randomized phase-in is a fair way of

covariables may strengthen conclusions and increase the
precision of analysis.

Also, when districts are randomly assigned to experi
mental groups, time trends in numbers and rates for births
recorded in the civil registration system, even though
coverage is not lOOper cent, might prove to be a useful
indicator for post-programme comparisons. This in
dicator or any other that is influenced by the family
planning programme might, however, be oflimited value.
For example, if the programme emphasizes infant care
after delivery, birth registration levels might improve
more in programme than in non-programme districts,
thus tending to underestimate programming effects.

After-only experimental designs are appropriate when
no fertility measure is available nor can be made prior to
randomization. If fertility levelscan be measured prior to
randomization, a number of alternative before-after
designs can be used. One possibility would be to stratify
districts within provinces on fertility level before random
ization, but this experiment would be more complex to
conduct than simply using before measures as covariables
in the analysis of after results. For example, if in addition
to the 1981 census, 1976 census fertility measures were
available by district for our hypothetical country the
overall results for design No.3, a "before-after-two
group" randomized design, could be represented as
shown in table 108.

No programme .
programme .
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outcome measure-fertility-would be available at that
level. As stated previously, intermediate measures of
acceptance and use of contraceptives, rather than fer
tility measures, have been the "variable of interest" in
some notable experiments. Individuals, clinics, villages,
towns, cities or other units may be taken as experimental
units depending upon the purpose of the experiment and
how the results will be used.

B. USE OF QUASI-EXPERIMENTAL DESIGNS

Quasi-experimental designs (non-randomized studies)
require essentially the same degree of rigour as random
ized experiments, and the logic of quasi-experimental
designs is the same as the logic of experimental design
with the single important exception that pre-treatment
randomization is not done. The other principles are the
same with the focus being on control of extraneous
sources of variation.

The terms "quasi-experiment'P" and "observational
study":" generally are used to refer to a trial or test in
which experimental units either are not or cannot be
randomly assigned to a treatment. Whereas experiments
are necessarily designed prospectively, observational
studies may be designed either prospectively or ret
rospectively. A prospectively designed study is likely to
be better than a retrospectively designed study because
the evaluator has the potential for incorporating the
desirable design principles other than randomization.
Prospective design also forces the designer to plan for the
measurement and processing of the required data on both
response and intervening variables. Whether a ret
rospective or prospective design is used, measurements
should ideally be made at the same time in all treatment
units in order to help assure that the influence of common
events shall apply equally to all.

Statisticians and experimental social scientists agree
rather closely about the methodology and interpretation
for true experiments, 2

7 but there is no such agreement in
the area of quasi-experimental design. Indeed, statis
ticians tend to use the term "observational study",
whereas social scientists appear to prefer "quasi
experiment" in referring to non-randomized studies. A
review article'" traces the development of statistical
methods for analysing observational data and clearly
distinguishes between randomized experiments and ob
servational studies; and another study.?? which reviews
examples specificto estimation of births averted, includes
a less extensive discussion of the same issues: the authors
of these two works agree that Cochran,"? of all the

2S D. T. Campbel1 and J. C. Stanley, op. cit.
26 S. M. McKinlay, "The design and analysis of the observational

study: a review", Journal ofthe American Statistical Association, vol. 70
(1975), pp. 503-520.

27 As pointed out by H. W. Riecken and R. F. Boruch, op. cit.
28 S. M. McKinlay, loco cit.
29 H. Bradley Wells, "Matching studies", in C. Chandrasekaran and

Albert I. Hermalin, eds., Measuring the Effect of Family Planning
Programs on Fertility, published by the International Union for the
Scientific Study of Population for the Development Centre of the
Organisation for Economic Co-operation and Development (Dolhain,
Bel§ium, Ordina Editions, 1975), pp. 215-244.

3 W. G. Cochran, "The planning of observational studies of human

writers on the subject, has come closest to a clear
statement of problems and approaches to their solution.

At their best, quasi-experimental designs would in
clude all the required features of true experimental
designs except randomization of subjects prior to treat
ment. At worst, a quasi-experimental design might be
planned and carried out retrospectively, several years
after the trial has been finished; the evaluator then must
work with whatever data-regardless of the quality-are
available. In quasi-experimental designs, efforts to con
trol extraneous sources of variation usually are made to
reduce known potential sources of bias; balancing of the
unknown sources is not possible. For example, it has been
found 31 that the fertility rates of IUD acceptors for three
years prior to acceptance were more than 50 per cent
higher than the fertility of married women in general. For
a more general discussion of the procedures followed to
reduce biases due to these differences, see illustration B in
section C.3. Other factors, in addition to.the demographic
factors, that may influence fertility levels are listed.

Clearly, unless it is impossible to randomize subjects
before treatment, true experiments are much to be
preferred. Next most desirable would be prospectively
designed quasi-experiments which incorporate all ele
ments of true experiments except randomization. Less
desirable, but sometimes all that can be done, would be
retrospectively designed quasi-experiments which in
corporate as many desirable design features as possible.
Thus, the relative strength of quasi-experimental designs
or observational studies will depend upon the extent to
which they are based on the established principles of
experimental design.

Results of even the best possible quasi-experimental
designs are equivocal in greater or lesser degree; hence,
interpretation of the results must be much more tentative
than in true experiments. Consistency of results in
replication of similar quasi-experiments at different
places and different times are therefore much more
important than for true experimentation. In addition,
greater use must be made of information from sources
outside the quasi-experiment. Hence, the analysts and
evaluators must be experts in the subject field, in this case,
demography and family planning in general, as well as in
the particular family planning programme being studied.

1. Example of a quasi-experimental design for
a hypothetical country

Design No.4. was included as an experiment because
districts were randomly assigned to different years for
beginning a programme. If districts are not randomly
assigned but none the less differ, for whatever reasons, in
the time at which they begin programmes, they may also
differ in the type of programme implemented. The year of
initiation and the type of programme are likely to be
associated with changes in fertility in later years and

populations", Journal of the Royal Statistical Society, section A, vol.
128, No.2 (1965), pp. 234-265.

31 M. C. Chang, T. H. Liuand L. P.Chow, "Study by matching of the
demographic impact of an IUD program", Milbank Memorial Fund
Quarterly, vol. XLVII, No.2 (April 1969), pp. 137-157.
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hence provide a logical basis for grouping districts for
study purposes. Thus, the results of a (reasonable) quasi
experimental design might be depicted in the same way as
is done in design No.4. The major difficulty would be the
interpretation of results. Without randomization one
could always argue that districts that were late in
implementing a programme were also different in other
variables associated with fertility change. Hence, the
evaluator should attempt to strengthen conclusions by
taking into account as many other important associated
variables as possible through analytical adjustment pro
cedures and/or such design approaches as stratification,
blocking or matching.

Quasi-experimental designs are not so self-contained
as randomized experiments. It is therefore essential that
programme versus non-programme comparisons be
made within as many subgroups of the population as
possible. In this way evidence regarding fertility changes
can be accumulated.

Because of communication and spill-over effects, ex
periments using administrative areas as experimental
units tend to underestimate programme effects. Quasi
experimental studies are also subject to spill-over effects
and hence to underestimation of programme impact.
Whether the self-selection implicit in the timing and type
of programme implementation by different units causes
underestimation or over-estimation of programme im
pact in quasi-experimental designs may be difficult to
determine but the evaluator(s) should attempt to obtain
such evidence as part of the study process. Time-series
measures of fertility levels and programme inputs are
much more critical for sound quasi-experimental studies
than for experiments.

C. ACTUAL STUDIES

In this section an experiment and two quasi
experimental studies are reviewed in some detail. Illus
tration A is a randomized after-only experiment. Its
purpose was not to measure programme impact on
fertility indices, but to determine the cost of acceptors in
money and time. It is presented here only for methodologi
cal purposes, as applications of such experiments for the
measurement of births averted have been infrequent and
examples suited for the present purposes are few. To
illustrate further the shared features and the differences
between the two types ofstudy, use is made of the outline
given below, which is very general but is intended to cover
the range of design features discussed in the first part of
this chapter:

1. Objectives of the study;
2. The setting;

(a) Geographical frame;
(b) Time frame;
(c) Other (clinics etc.);

3. Experimental or study unit;
4. Response (dependent) variables;
5. Independent variables:

(a) Treatments;
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(b) Other related (intervening) variables;

6. Experimental or study design:
(a) Randomization;
(b) Other design features;

7. Measurement methods;
8. Data management methods;

9. Analytical methods;
10. Limitations of the design;
11. Interpretation of results.
The three studies reviewed below illustrate differences

in experimental units, experimental versus quasi
experimental design and balancing through random
ization and through matching. Related types of matching
studies-? have been reviewed and compared by the
present author. 33

1. Illustration A: randomized-after only experiment,
Country E, 19633 4

Illustration A may be reviewed as follows, according to
the outline given above.

Objective

The objective of the experiment was to learn how much
family planning (acceptance) could be achieved at how
much cost in money, personnel and time.

Setting

Geographical

The principal city of Country E was divided into 2,389
tins, or neighbourhoods, and these units were grouped
into three large sectors as described below under
"Experimental design".

Time

The experiment was done during the period from
February to October 1963.

Experimental unit

The experimental unit was a tin or neighbourhood
comprising 20-30 families.

Response variable

The response variable was the number of acceptors of
programme contraception per 1,000 maried women aged
20-39 years.

32 J. T. Johnson, Tan Boon Ann and Leslie Corsa, "Assessment of
family planning programme effects on births: preliminary results
obtained through direct matching of birth and programme acceptor
records", Population Studies, vol. XXVII (March 1973), pp. 85-96;
L. M. Okada, "Use of matched pairs in evaluation of a birth control
program", Public Health Reports, vol. 84 (May 1969), pp. 445-450;
Roger W. Rochat, Carl W. Tyler, Jr. and Albert K. Schoenbucher, "The
effect of family planning in Georgia on fertility in selected rural
countries", in A. J. Sobrero and R. M. Harvey, eds., Advances in
Planned Parenthood, vol. 6 of Proceedings of Eighth Annual Meeting of
the American Association of Planned Parenthood Physicians, Boston,
Mass., 9-10 April 1970, International Congress/Series No. 224 (New
York, Excerpta Medica Foundation, 1971), pp. 6-14.

33 H. B. Wells, lac. cit.
34 B. Berelson and R. Freedman, lac. cit.



Independent variables

Treatments

Four different "treatments" were defined by the kind
of neighbourhood activities to be carried out in each /in to
promote acceptance of contraceptive methods. The en
tire city was exposed to a general distribution of posters
and a series of meetings was held with community leaders
to "inform them about the programme and enlist their
support". The remainder of the programme effort con
sisted of one of the following treatments being applied to
each /in:

(a) Nothing: in these /ins nothing further was done in
promotional efforts;

(b) Mail: in these /ins direct-mail materials promoting
family planning were sent to newly-weds and to couples
with two or more children;

(c) Everything wife only (EW): in these /ins the home
of every married woman aged 20-39 years was visited by
specially trained nurse-midwives who provided infor
mation, answered questions, provided contraceptive sup
plies and made appointments for people at the field
stations;

(d) Everything husband and wife (EHW): these lins
received the same "treatment" as the EW lins except that
the visitsalso included the husband either with the wifeor
separately. Within each of the three sectors of the city, the
proportion of lins that received treatments (c) and (d)
were varied in order to estimate how much "circulation
effect" could be expected. Twelve groups were thus
defined although the density of effort was arbitrarily
rather than randomly assigned to each /in. Berelson and
Freedman.:" quite correctly, refer to only four treat
ments, the types of promotional effort.

Other related variables

The other related variables in the experiment were:
(a) Acceptor reports could be classified by type of

contraceptive, age of acceptor, parity, number of children
by sex, time of acceptance, residence and education of
wife;

(b) The city was divided into three sectors roughly
equivalent in urban-rural distribution, socio-economic
status and fertility. This division can be considered an
attempt to control for these variables by balancing them
between sectors;

(c) A before and after fertility survey was conducted
with a random sample of 2,452 women from the entire
city. Pregnancy rates for the entire city before and after
treatment were therefore available. It is not clear whether
these results were ever subdivided and compared across
the 12 experimental groups although that would have
been desirable.

Experimental design

Each of the three sectors was arbitrarily designated to
receive either light, medium or heavy degrees of effort.

3' Ibid.
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Within each sector, each lin was randomly assigned to
receive one of the four treatments. Table 110 shows the
number of /ins in each group.

TABLE 110. DISTRIBUTION OF TREATMENT

Sector
(density of effort)

Heavy Medium Light
Type of effort (one half) (one third) (onejifth) Total

Nothing ................. 232 243 292 767
Mail. .................... 232 244 292 768
Everything (wife only)..... 232 122 73 427
Everything (wife and

husband)............... 232 122 73 427
Total number of /ins ...... 928 731 730 2389

In the heavy sector half of the lins were assigned to
receive "everything"; in the medium sector, one third
and in the light sector, one fifth were so assigned. Half of
the "everything" lins were for wife only and half were
husband and wife. Each lin received the same type of
treatment regardless of which sector it was in.

Measurement methods

The following measurement methods were used:
(a) The records kept by field-workers and field

stations provided service statistics and data on acceptors;
(b) The before-after fertility survey of a sample of

women provided knowledge, attitude and practice data
as well as pregnancy rates;

(c) Officialbirth statistics presumably would be avail
able through the household register system.

Data management methods

Data management methods were not described in the
reference.

Analytical methods

Acceptor data permitted analysis by lin and hence
aggregation into the four treatment groups within sectors
for analysis. The extent to which this procedure was
possible with data from the fertility survey and/or the
birth statistics is unclear from the reference.

Limitations of the design

The design was limited as follows:
(a) Density of effort was not randomly assigned;
(b) Results for all four types of treatment are con

founded with word-of-mouth and other types of diffusion
from /in to lin;

(c) Results cannot take account of non-programme
use of contraceptives or whether acceptors switched from
non-programme to programme contraception.

Interpretation of results

The percentages of married women aged 20-39 years
who accepted programme contraception are given in
table 111.



TABLE 111. RESPONSETO TREATMENTS

(Percentage)

Sector (delUity of effort)

Heavy Medium Light

Type of effort (one half) (one third) (one fifth) Total

Nothing ................. 7 5 5 5
Mai1. .................... 7 5 6 6
Everything (wife only)..... 16 13 11 14
Everything (wife and

husband ............... 18 10 12 15
All types ................. 12 7 7 9

SoURCE: Bernard Berelson and Ronald Freedman, "A study in fertility
control", Scientific American, No. 210 (May 1964), pp. 29-37.

This display of results illustrates how any type of
response statistics could be displayed for this design.

Even with light density, the "everything" efforts re
sulted in a substantial proportion, i.e., 11.. 12 per cent of
women accepting. Wife and husband lins had slightly
higher acceptance rates than for wife only in light and
heavy sectors but not in the medium sectors. Unfor
tunately, the design does not permit an unequivocal
answer about what would have happened with no
programme. The "nothing" and "mail" treatments are
confounded with the results of word-of-mouth diffusion
from the "everything" treatments. Thus, it cannot be
determined what the effects of "nothing" and "mail"
would have been in the absence of diffusion effects.
Interpretation of contrasts between heavy, medium and
light densities is also equivocal because they were not
randomly assigned to lins. As has been pointed out.:"
another design using more widely dispersed experimental
units would be required to minimize the "dilution" or
diffusion effects and get better estimates of the "nothing"
and "mail" effects.

2. Illustration B: post treatment-retrospective matching
quasi-experimental design, Country E, 1966 and 1967 3 7

Objective

The objective of the experiment was to measure the
demographic (fertility) impact of an IUD programme.
That goal was approached in two stages: the estimation of
reductions in fertility levels and conversion of those
reductions to births averted for a selected group of
acceptors; and the ultimate application of those quasi
experimental estimates to country level data to obtain
national estimates of impact.

Setting

Geographical

Three townships in two counties of Country E com
prised the study area. (The three townships of one
county had also been included as part of an earlier

36 E. T. Hilton and A. A. Lumsdaine, loco cit.
37 M. C. Chang, T. H. Liu and M. P. Chow, loco cit.
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matching study of the impact of conventional con
traceptives on fertility levels.)

Time

Acceptors and matching non-acceptors for calendar
years 1964, 1965 and 1966 were compared with respect to
fertility levels during three years before acceptance and
from 18 to 42 months after acceptance.

Study unit

Individual married women who were aged 20-44 years
and who were listed in household registers in the
township office on January 1968 were the experimental
units.

Response variable

The response variable was the change in the number of
births per 1,000 women aged 20-44 for the period
between first acceptance during the period 1964-1966
and 1 January 1968. Different acceptor cohorts were
followed for different periods of time because the cut-off
date for follow-up was 31 December 1967.

Independent. variables:

Treatments

Treatments were defined to be: first acceptance of a
programme IUD during the period from 1 January 1964
to 31 December 1966; and non-acceptance of a pro
gramme IUD during the same time period. Note that the
second "treatment" definition is ambiguous because a
non-acceptor in 1964 might have become an acceptor in
1965 or 1966. The two "treatment" groups were formed
in the following manner:

(0) Names of first acceptors during the period were
obtained from the central IUD registry listed in order of
administrative subdivisions, i.e., by village and section of
village;

(b) From the township household registry office a
worker copied the names ofall married women aged 20
44 years ofage as of 1January 1968. At the same time, the
worker recorded for each woman her date of birth and
education as well as the date of birth of each of her live
born children;

(c) The acceptor lists were then compared with the lists
of married women in order to identify the two groups,
IUD acceptors and IUD non-acceptors, during the three
year period, 1964-1966. IUD acceptors who could not be
found on the list of married women of the same township
were apparently omitted from the study.

Other related variables

All information about acceptors and non-acceptors
was punched into computer cards. Within each township
acceptors were sorted into groups using the following
variables in the sequence listed:

(a) Year of first acceptance (1964, 1965, 1966);
(b) Age group years (30, 30-34, 35-39, 40-44);



observation for acceptors by year were:

The national register of contraceptive acceptors was
used to identify acceptors from the household register
listings but also provided data on time of first acceptance
for acceptors.

Analytical methods

For each cohort of acceptors (or cases) the average
number of births per 1,000 women per year was calcu
lated for the three years prior to date of acceptance and
for the variable period between acceptance and the cut
off date for the study, I January 1968. Thus, the before
acceptance fertility rates for the 1964cohort of acceptors
refer to the calendar years 1964-1967 etc. Similarly, the
rates for matches (non-acceptors) refer to the same
calendar years although it was assumed that every match
"accepted" on 1 July of the year. The rates are shown in
table 112.

Data management methods

Data from household registers were transcribed by a
clerk. Treatment groups were identified by linking this list
with the acceptor list. The data were then coded. Editing
and coding procedures other than the classifications used
for matching variables are not described. The reference
does not describe the procedures for the national register
of contraceptive acceptors, but the data on listings
obtained from this source were apparently combined
with birth data for acceptors and punched into computer
cards. Apparently, the sorting for matching and tab
ulation of results were done on a computer although this
is not clear from the reference. It is not clear whether
calculations for analysis were made by hand or by
computer.

Range

36-47
24-35
12-23

Monthsof observation

39.2
31.2
18.4

AverageYear

1964 .
1965 .
1966 .

Study design

This design attempts to compensate for the fact that
IUD acceptors differ from non-acceptors in many impor
tant variables. By group-matching on related variables as
described above before comparing fertility changes, these
variables were balanced.

Measurement methods

Measurement of fertility for the study units for the
three years before acceptance and for varying time
periods after acceptance was determined from the data
on number and date of each live birth for each woman as
copied from the township household registers in January
1968. Since 31 December 1967was the cut-offdate for the
follow-up study, the reported averages for length of

(c) Education (no formal, primary, junior high school
and above);

(d) Open birth interval (6 months, 7-12 months, 13
24 months, 25 months or longer);

(e) Number of live births (1-2, 3, 4, 5, 6 or more).
Thus (3x4x3x4x5) = 720 groups of acceptors were form
ed for each township. Three "open intervals" were cal
culated for each non-acceptor on the assumption that
had they accepted they would have accepted on I July of
each calendar year 1964, 1965 and 1966. Non-acceptors
were then sorted into 720 groups in the same way as
acceptors. Matching of acceptors and non-acceptors was
done by selecting an equal number of non-acceptors from
the corresponding (matching) group within each country.
Apparently matching was done first for 1964 acceptors,
then 1965and then 1966. Thus, the two treatment groups
were group matched or "mean matched" (as contrasted
with individual case by case matching for each acceptor)
in order to take account of (five) extraneous variables
which could have been related to post-acceptance fertility
rates. Any matched case (acceptor) that had a live birth
within nine months of 1July of the year was disqualified.
Just how this factor might bias comparisons of post
acceptance fertility rates between the two groups is
unclear.

TABLE 112. FERTILITY BEFORE AND AFTER FIRST ACCEPTANCE OF INTRA·UTERINE DEVICE
AND BIRTHS AVERTED, BY YEAR OF FIRST ACCEPTANCE

Fertility rales (per / (00)
Average number

Year of Before After of births averted
first Sample per 1 ()()()

acceptance size Acceptors Matches Acceptors" Matches acceptors per annum
(1) (2) (3) (4) (5) (6) (7)

1964 ...................... 463 384 390 70 172 99
1965 .. " ..... , ....... , .... 1434 375 370 82 193 113 (114)
1966 .. " ... " .... " ....... 1284 387 377 74 227 158 (159)

SOURCE: Adapted from M. C. Chang, T. H. Liu and L. P. Chow, "Study by matching of the
demographic impact ofan IUD programme. A preliminary report", Milbank Memorial Fund Quarterly, vol.
XLVIl, No.2 (April 1969), p. 144, table 3.

a Nine months were deducted from each case for calculation of post-insertion fertility because, when
the loop was inserted, the woman was not pregnant. She could not have a live birth within the following nine
months. The same deduction was made for the "matches" also because they were selected in such a way that
they could not have live births within nine months.
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The estimates of births averted, X, shown in the last
column of table 112, were made using the following
formula for each cohort:

X = A1 (:~ )-A2 (4)

Where A 1 = fertility rate of acceptors before first
acceptance;

A 2 = fertility rate of acceptors after first
acceptance;

M 1 = fertility rate of "matches" corresponding to
the before fertility rate of acceptors;

M 2 = fertility rate of "matches" corresponding to
the after fertility rate of acceptors.
The numerical results based on rates in table 112 are:

X3 = (:2) births averted in 1965 cohort + :2 births

averted in 1964 cohort (7)

X4 = C6
2) births averted in 1964 cohort (8)

The numerical results are as follows:

(8)

Births averted per
J ()()() JUDs inserted

Calendar year after
acceptance

1 x, = 159 (:2) = 40 (5)

2 X 2 = 159C62)+ 114C6
2)

= 136 (6)

3 _ X 3 = 114C6
2)+

99C6
2)

= 107 (7)

4 (first six ( 6 )
months) X4 = 99 12 = 50

Average annual number of births
averted per J 000 IUDs
inserted during period oj

follow-upCohort

38 Note that the average annual number of births averted refers to
periods of variable length, 1964-1967, 1965-1967 and 1966-1967
resfgectively, for the 1964, 1965 and 1966 cohorts of acceptors. '

9 Birth not possible during first nine months of the year, because the
intra-uterine device was inserted in a non-pregnant woman on
1 January of the year.

These results were interpreted to mean that the number
of births averted per 1,000 IUDs inserted after the first,
second and third years following year of insertion were,
respectively, 159, 114, and 99.38

A conversion to estimated births averted per 1,000
IUDs inserted during ordinal years was made, assuming
that insertion occurred at the beginning of the year, as
follows:

X 1 = (:2) births averted in 1966 cohorr'? (5)

X 2 = C6
2) births averted in 1966 cohort + 1

62
births

averted in 1965 cohort (6)

1966 _ -

1965 .

1964 .

(
227 )387 ~ - 74 = 159
377

(
193 )375 ~ -82 = 114
370

(
172)384 ~ -70 = 99
390

These estimates of births averted were then used with
national data on IUD acceptors to estimate births averted
by IUD for all of Country E.

An alternative approach not used by Chang and his
colleagues'" to estimate births averted by calendar years
\including the year of insertion rather than assuming all
.insertions at the beginning of the year would be as shown
in table 113, using only the after acceptance rates from
table 112.

As described earlier, the average months of observation
in the study were 39.2, 31.2 and 18.4 months, respectively,
for the 1964, 1965 and 1966 cohorts. These periods are
expressed in years in column (5) of table 113. The
estimates of total births averted in each cohort of
acceptors for the period of time they were followed is
obtained as indicated above. By subtraction, estimates of
births averted per 1,000 acceptors in years 3 and 4 can be
obtained as follows, under the assumption that all three
cohorts are similar:

(a) Births averted in year 4 (1967) = 333 - 289
= 44/1,000;

(b) Births averted in year 3 (1966) = 289 - 235
= 55/1,000.

40 M. C. Chang, T. H. Liu and M. P. Chow, loco cit.

TABLE 113. FERTILITY AFTER ACCEPTANCE OF INTRA-UTERINE DEVICE AND BIRTHS

AVERTED, BY YEAR OF FIRST ACCEPTANCE

Cohort
(I)

Average annual fertility
rate per J (J(}()after

insertion
Matches Cases

(2) (3)

Average births
avertedper J ()()()

acceptors per annum
(4) = (2) - (3)

Average
duration of

follow-up for
cohort (years)

(5)

Total
births

averted per
J()()()

acceptors
during follow

up period
(6) = (4) x (5)

Ordinal
years

represented
in cohort

(7)

1964 .
1965 .
1966 .

172 70
193 82
227 74

102
III
153

3.267
2.60
1.533

333
289
235

1 +2 +3 +4
1 +2 +3
1 +2
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Unfortunately, there is no such straightforward way to
obtain estimates for years 1 and 2 from the available data.
(Ordinal year results presumably could be obtained for
each cohort by reanalysing the data, but they were not
shown in the published paper.) However, nine months
must elapse before a birth can be averted; thus, only one
fifth of this "eligible" time period of years 1 and 2 falls in
the year ofacceptance, i.e., the last three months of year 1.
Thus, an estimate ofbirths averted during year 1 would be
(l/5) x 235 = 47. Then 235 -47 = 188 births averted in
year 2. Whether this estimate would be acceptable de
pends upon how one perceives the decline in births
averted over time.

Note that the estimated cumulative total number of
births averted is very close using the two estimates. For
this approach, 47 + 188+ 55 +44 = 334 per 1,000, as
compared with 40 + 136+ 107+ 50 = 333 per 1,000 for
the procedure actually used in the paper. It should be
mentioned that if one assumes that insertions all occurred
on 1 July of the calendar year, the two approaches should
yield the same results.

Limitations of the design

Unfortunately, as the report states, it was not possible to
match on the strength of motivation for family planning;
and, thus, the study is subject to the criticism that fertility
of the acceptors might have declined more rapidly than
that of married women in general and implicitly of the
matched non-acceptors even if there had been no IUD
programme. Certainly, other contraceptive methods had
been available in most of the townships for a number of
years prior to the IUD programme and probably were
being used to some extent by the matched non-(IUD)
acceptor group(s), which would tend to underestimate the
effectiveness of an IUD programme alone if other me
thods were being used by the non-IUD group. The extent
to which the IUD acceptor group might have resorted to
other methods, perhaps even abortion, to reduce their
rates without the IUD programme cannot be determined
by this particular study design.

As pointed out in the report, this study could have been
improved by end-of-study interviews to measure strength
of motivation and current use of contraception and
abortion among both the IUD and the matched non-IUD
acceptor groups. An even better prospective design
would have included: (a) the interviewing of acceptors at
time of first acceptance; and (b) the selection of the
matching non-acceptors at the same time and their
interviewing as soon thereafter as possible. The end-of
study interview should also be included in this design.
Thus, it would have been possible to estimate and
perhaps adjust for the effect of motivation to practise
family planning. Clearly, improved design features such
as these require much more strict adherence to current
time frames and work schedules and therefore more
resources and technical staff. Unfortunately, even such
improved study designs would still have limitations. One
difficulty reported by the authors was that 26 per cent of
acceptors and matches were lost to follow-up. This might
have been somewhat lessened with improved designs, but
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it would not have been completely eliminated. Both the
reported study and the suggested improved designs are
short term. A considerably longer period of observation
would be required in order to assess the total impact of
the IUD programme. Also, it has been pointed out that
other methods of analysis, which take account of time
trends of fertility for separate cohorts of acceptors and
non-acceptors by time of acceptance and time duration
after acceptance, could yield somewhat different es
timates of births averted from those reported."!

Interpretation of results

This study was an attempt to recreate a before-after
design controlling for a number of important variables.
The matched subgroup design yielded the over-all results
given in table 114.

TABLE 114. ANNUAL LIVE BIRTHS PER 1000 WOMEN

AGED 20-44 YEARS

Three years before After Change
Study group acceptance acceptance (percentnge)

Intra-uterine device
acceptors .............. 381 77 -77

Matched non-acceptors.... 377 195 -48

Thus, "short-term" post acceptance rates drop con
siderably more rapidly for acceptors than for non
acceptors. Perhaps the most striking result is that the rate
for matched non-acceptors dropped 48 per cent. Although
the latter decline may have been due iri part to some
phasing within the birth interval, it none the less indicates
a need to take account of what might have happened
without the IUD programme to women with the same
demographic characteristics as the acceptors. The authors
used the quasi-experimental design results to estimate
births averted as described above in the section on
analytical methods.

These results were then applied to acceptor data to
estimate the short-term impact of the IUD programme
for the whole ofCountry E. Thus, the illustrated matching
study yielded estimates of births averted similar to those
described in chapter VI. The assumption that results
found in the selected study townships were applicable to
all of Country E may be questioned.

3. Illustration C: three group-longitudinal quasi
experimental design, Country F, 1956-19694 2

Objectives

The aims of this design were:
(a) To test the power of existing contraceptive meth

ods to change birth rates in a pre-industrial population;
(b) To inquire into factors within that population

influencing the frequency of births, deaths, migrations
etc.

41 H. B. Wells, loco cit.
42 J. B. Wyon and J. E. Gordon, The Khanna Study: Population

Problems in the Rural Punjab (Cambridge, Mass., Harvard University
Press, 1971).



Setting

Geographical

A district with a total of 811 villages was selected as the
study area. A total of 18 villages, four clusters of from
three to four villages and two single villages, were
involved in the pre-test, action and control phases of the
programme, as described below under "Experimental
design".

Time

Preliminary planning and exploratory work for or
ganizing the study programme began in October 1953. A
pilot study was conducted and the design of the definitive
study was completed in March 1956. The full-scale test
study of the contraceptive programme was carried out
during the period from April 1956 to March 1960. The
follow-up study to observe the long-term results was
conducted from February to September 1969.

Study unit

Implicitly it appears that the unit of study was defined
as a married woman in the fertile ages and her spouse,
which may be inferred because one of the major de
pendent variables was used on contraception. However,
the treatments (programmes) were essentially applied to
whole villages.

Response variables

Ultimately, a large number of response variables were
analysed in the project. For present purposes, those
demographic and contraceptive response variables which
are especially important are: crude birth rates; crude
death rates; net migration rates; and contraceptive use
rates. Age-specific fertility rates and general fertility rates
were also studied.

Independent variables

Treatments

Three different "treatments" were defined by the type
of contraceptive/health programme conducted in the
experimental areas:

(a) Test. In the definitive study ("experiment"), test
areas were exposed to a programme that was designed to
inform villagers about contraceptive methods and to
encourage them to practice contraception in order to
prevent live births. That programme included regular
weekly visits to each home having a wife of childbearing
age by male and/or female fieldworkers who resided in
the village. During that visit the field-worker(s) were
supposed to "record information about illnesses, obstet
ric and medical practices, and related interests", includ
ing menstrual dates, practice of breast-feeding and data
about vital events. They also discussed and gave in
structions about five contraceptive methods: vaginal
foam tablets; rhythm; withdrawal; contraceptive paste;
and pads soaked with a saturated salt solution. Condoms,
cervical caps and diaphragms were not recommended at
the time, because ofgovernment proscriptions; and intra-

139

uterine devices and pills were not available. In addition to
the resident field-workers, two physicians, a male and a
female, were supposed to spend one day each week in
each village to encourage the use ofcontraception and to
see patients. Health problems that occurred at other
times were referred to other physicians or clinics by the
field staff. Contraceptive supplies were provided by the
field staff. A regular monthly visit was also made to each
house to record births, deaths and migrations;

(b) Control A. Villages assigned to serve as control
A received the same treatment by the same type of field
and medical staff as test villages, except that no infor
mation on contraception was given nor were supplies or
contraceptives provided;

(c) Control B. Villages assigned to serve as control B
received nothing except a monthly visit by a nurse to
record vital events.

Other related variables

"Family record cards" in test and control A villages
included listings of household members with sex, marital
status, relation to head, age, change in family status
(nature and date) and columns indicating whether each
person was present at the time of annual censuses in
1957-1960. "Menstrual record cards" for each married
female in the fertile ages included basic identification as in
the "Family record card" plus ethnic identity, age
(current, at menarche, at marriage, at cohabitation),
cohabitation status and year of cohabitation. For each
previous or current delivery space was provided to
record: month and year of delivery; amenorrhoea (dur
ation of pregnancy, post-partum, other); abstinence
(pregnancy, post-partum, other); duration of lactation;
and result of pregnancy (sex of child, current age, age at
death). In addition, a number of questions related to
knowledge, attitude and practice of contraception were
asked. Details about menstruation were collected every
month. Additional details about each illness and each
death of young children were also recorded. In the final
census of January 1960, the additional data collected
included occupation and education of individuals, couple
use of contraception and an economic index of house
holds. In the follow-up Census conducted in 1969, 10
years after termination of the field-work, an effort was
made to determine, retrospectively, the yearly status of
each person who was a resident during 1960-1969 as well
as details about the outcome of each delivery after 1
January 1960 and the family planning methods used
during 1960-1969.

Study design

The design provided for the comparison of three types
of "programme" groups of non-randomly selected vil
lages. Exploratory and pilot studies were conducted to
find what field procedures would work and what data
collection methods could be used prior to beginning the
definitive study. The study design for the field-work is
summarized in tables 115 and 116. Field-work for the
programme was discontinued after 1959; but in 1969, a
follow-up census/survey was conducted to observe long
term consequences of the programme for contraception.



TABLE liS. POPULATION OFVILLAGES, COUNTRY F,
1957, 1959 AND 1960

TABLE I 16. STUDY DESIGN. COUNTRY F, STUDY OF
POPULATION DYNAMICS, 1953-1960

SOURCE: J. B. Wyon and J. E. Gordon, The Khanna Study: Population
Problems in the Rural Punjab (Cambridge, Mass., Harvard University
Press, 1971).

Limitations of the design

Limitations of the design included:
(a) Villages were not randomly assigned to treatments

the test and control A villages. In some analyses, control
B villages were included in comparisons. Life-table and
other techniques were applied to the analysis of amenor
rhoea and contraceptive effectiveness.t:'

Oct. /953- June /954- April /955
May /954 March /955 March /956

III

April /956
March /960

II

Pilot Definitive full-scale
test of the pro
gramme of con
traception Apr.
1956- Mar. 1960.
Treatment: weekly
visits to each vil
lage by senior male
and female physi
cians who super
vised resident staff
and encouraged
use of contracep
tion; saw patients
on request. Res
ident staff visited
each house once
each month to re
cord births, deaths
and migrations.

Pilot Control B: Treat
ment: none except
a nurse visited
each village once a
month to record
births and deaths.

Pilot Control A: Treat
ment: same as in
test villages except
for omission of
contraceptive in
struction. Same re
cording of births,
deaths and mi
grations

Study category
and village

Control B (nothing):

Village M }
Village N
Village 0
Village P ...

Village Q
Village R

Control A (no contraceptive):

Village I }
Village J
Village K
Village L

Exploratory:
Village A Preliminary

Test (contraceptive):

~:::::: ~ }
Village D
Village E ...
Village F
Village G
Village H

Year
Study categoryand

village /954 /957 /959 /969

Exploratory
Village A. ... "", .......... 1087

Test (contraceptive) ............ (7748) (7883) (9041)
Village B................... 1466
Village c. .................. 1377
Village D .................. 1004
Village E................... 1727
Village F................... 700
Village G .................. 495
Village H .................. 979

Control A (no contraceptive) .... (4194) (4354) (4823)
Village I ................... 1361
Village J ................... 655
Village K .................. 283
Village L ................... 1895

Control B (Nothing) ........... 4934a

(six villages) . . . . . . . . . . . . . . . .

SOURCE: J. B. Wyon and J. E. Gordon, The Khanna Study: Popu
lation Problems in the Rural Punjab (Cambridge, Mass., Harvard
University Press, 1971).

Note: Three dots (...) indicate that data are not available in the
source used.

a No details for the six villages are available in the source used. See
study design in table 116 for list of village names.

Measurement methods

The following measurement methods were used:
(a) Records compiled for each home included a

"family roster", with annual updating at time of census
and the collection of additional details in 1959;

(b) A "fertility history" was completed for each mar
ried woman in the fertile ages and monthly visits were
made to record menstruation and amenorrhoea, details
as well as family planning practice;

(c) Monthly visits were made by field-workers to
record births, deaths and migrations;

(d) Field-workers and physicians maintained service
records and diaries for test and control A villages;

(e) A follow-up census/survey was carried out in the
test and control A villages only 10 years after the
programme was concluded.

Data management methods

Field-workers and statistical and clerical staff maiu
tained records, edited and coded data. Edge-marked
cards were utilized for most of the data analysis in
Country F; but, in addition, some records were microfilm
ed and mailed to Harvard University (United States of
America), where the information was coded and punched
out on to cards. Punch-card equipment and computers
were used for tabulation and analysis.

Analytical methods

Conventional demographic methods were used to
analyse time trends in birth, death and migration rates in

43 Ibid., a bibliography of the study papers, giving the complete range
of the demographic and epidemiological methods applied, is found in
this source.
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TABLE 117. ANNUAL CRUDE BIRTH RATES BY THREE-YEAR
PERIODS, BY TREATMENT GROUP, COUNTRY F, 1957-1968

(Per 1000 population)

In the 1969 census/survey, one aim was to collect
retrospectively fertility data through a single survey for
estimating rates for each year of the period 1960-1969.
The estimated crude birth rate for 1960 obtained in this
way for test and control A villages was about 30 per 1,000,
an implausibly low estimate. Nevertheless, the estimated
levels were about the same for test and control A villages
in 1960 and in subsequent years as shown by three-year
periods in table 117.

1957-1959' 1960-196:zb 1963-1965b 1966-1968"

Crude birth rate (per 1 000
population):
Test .
Control A .
Control B. .

Fertility rate (per 1 000 women aged 15--44
years):
Test .
Control A .
Control B .

32
29

34
32

Year

1957 1959

37.5 38.8
36.3 38.4
45.4 39.2

197 203
177 183
203 196

33
30

38
38

Measure and "treatment"

Treatment group

Test .. ,. _ _ _..
Control A , _ .

because it was impractical to do so; hence generalizations
to other populations are of questionable value;

(b) Clusters of villages were the unit of study for
treatment and the number of villages actually included in
the study was relatively small. The design would have a
large sampling error for vital rates based on a cluster
sample design with villages considered to be clusters;

(c) It is possible that the type of "treatment" adminis
tered to the test and control A villages changed with time;

(d) It is possible that the test (contraceptive) pro
gramme might have been confounded with the measure
ment process because the birth control programme began
as the initial census was being taken; that is, the field staff,
which presumably had a vested interest in the pro
gramme, carried out the measurement process for the
first four years and also for the 1969 census. This fact
was recognized by the researcher, who states: "Irregu
lar fluctuations in estimated birth rates were more
marked ... in control A villages ... consistent ... with
a less intimate acquaintance between the control A
population and the field workers who made the 1969
survey.T'"

Strong features of the design included: test and control
groups and time-series measures were made in the same
manner in both test and control villages so that pre
sumably any time change biases in measurement would
be the same in all groups, subject ofcourse to the possible
interaction described above in subparagraph (d).

Results

Contraceptive acceptance/use

Although the exploratory studies indicated that a
substantial proportion of couples would accept the
methods of contraception offered, these levels were not
achieved in the test villages during the 1957-1959 period
of study. Furthermore, the changes in acceptance of
contraceptives in the test and control A villages were
essentially the same during those periods as in the 1969
census/survey. About 30 per cent ofcouples with the wife
aged 15-44 years, in 1959 as well as in 1969, claimed to
practise some form of birth control, the major difference
being that about 7 per cent in 1969 reported using a
"medical" (modern) method other than foam tablets as
compared with none in 1959.

Fertility indicators

Based on monthly visits for data collection during the
three years of the definitive study, no differences could be
detected in fertility trends for the three "treatment"
groups. Results were as follows:

44 Ibid., p. 299.

SOURCE: J. B.Wyon and J. E.Gordon, The Khanna Study: Population
Problems in the Rural Punjab (Cambridge, Mass., Harvard University
Press, 1971), p. 301, table 40.

a Based on regular monthly visits and annual censuses.
b Based on single 1969 retrospective follow-up survey covering the

years 1960-1968.

It should be mentioned that the differences between the
birth rates in 1957-1959 and 1966-1968 might be due at
least partially to differences in measurement techniques.
Other evidence cited to support the conclusion that birth
rates had declined was that the proportion of the
population under age 10 was 15 per cent lower in 1969
than in 1959.

The authors concluded that the birth control pro
gramme in 1956-1959 had little cumulative effect on the
test population. This conclusion was reached because the
apparent decline in birth rates over the 12-year period, as
estimated, was slightly greater for the control A pop
ulation than for the test population. Although the
authors do not show estimates of the quantitative effect
of the various factors responsible for the decline, they
mention a number of factors, including increasing age at
marriage for women and somewhat greater use of
modern contraceptives, as a result of the spread of such
birth control methods through means other than the
study programme.

141




