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FOREWORD

The training of statistical personnel has been a priority problem
engaging the attention of ECAFE for the last few years. Shortage of
trained staff continues to be a serious obstacle to ihe development of
statistics in many countries of Asia and the Far East, which are making
a determined effort towards planned economic and social development and
need more and better statistics than they obtain at present for framing
their policies and for formulating, implementing and evaluating their plans.
There has been general agreement that, to collect and obtain the necessary
statistics, an all-round expansion of statistical training programmes of the
countries of the region is urgently needed. However, keeping in view
the various difficulties involved in overcoming the shortage of trained
statistical personnel in a short time, it has been generally recognized that
a beginning should be made by strengthening the existing training facilities
and improving the quality of existing statistical services, especially at the
primary and intermediate levels.

Statistical activity requires trained personnel of various types and at
various levels such as administrative statisticians, mathematical statisticians,
investigators, analysts, computers, and machine operators. At the higher
professional level, trained personnel will be required in relatively small
numbers. Training at that level is mostly undertaken by universities and
statistical institutes. In some of the countries, e.g., India, Indonesia, Japan,
Pakistan and the Philippines, cfforts are being made to improve or develop
statistical education in universities and other institutes. Arrangements also
exist under international programmes of technical assistance for having
statistical personnel trained in the more advanced countries. International
statistical centres operating in the region, some of which are permanent
and others are specialized and of short duration have also been of much
assistance in the training of professional statisticians. In the present
situation, however, the training of the large number of statistical personnel
at the primary and intermediate levels seems to be by far the most important
and pressing problem in the development of statistics. The only way to
train personnel in these levels is to organize within each country national
training centres capable of carrying out suitable in-service and other training
programmes. Their establishment would involve the training of those
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responsible for organizing and maintaining them and may require external
assistance in the form of experts, equipment and so on. In this respect
there is considerablc scope for co-operation among the countries of the
region.

ECAFE had been considering ways and means of meeting the inadequacy
of statistical personnel. The Unitcd Nations Statistical Commission, at its
eleventh session in May 1960. had stressed the need for expanded statistical
training programmes in the region. The Conference of Asian Statisticians
(COAS) has been considering, since its inception in 1957, measures for
improving the training facilities. A Working Group on Training of
Statisticians formed in 1960 under the auspices of COAS, made a detailed
study of the training nceds and problems and gave its recommendations.
The Working Group suggested, among other things, preparation of a
training manual, organization of a regional centre for training organizers of
national training courses and technical assistance to countries in establishing
training centres. The Commission has endorsed these recommendations
and the present Manual on Training of Statistical Personnel at the Primary
and Intermediate Levels has heen prepared in pursuance of these decisions.
"This Manual, designed for use by organizers and teachers, makes a departure
from the usual textbooks, and aims at imparting a considerable amount
of technical skill to those engaged in day to day statistical operations.
without losing sight of the principles involved in the techniques. It will
provide the users with scme amount of flexibility as it allows for the
selection and adaptation of topics to suit different types of personnel. The
use of a common manual will also achieve a certain degree of uniformity
in training in different countrics. It is hoped that it will serve as a useful
guide for the organizers and teachers at the training centres. Arrangements
are being made to supplement the Manual with necessary training notes.
A Regional Statistical Adviscr has bcen appointed at ECATE, and his
services can he drawn upon by countries, in 1natters concerning statistical
training.

U Nyux

Executive Secretary

Bangkok
20 August 1963
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INTRODUCTION

1. Background

the training and provides an annotated syllabus.

statisticians.

LRIC

1. The survey of statistical manpower and their training has been one
of the important projects of ECAFE and has been a standing item in the
agenda of the Conference of Asian Statisticians (COAS) established in
1957. COAS has been considering at its different sessions, ways and
means of improving and strengthening the training of statisticians in the
countries of the region. At its third session held in April 1960, COAS
noted that there was an urgent need to train, within each country, the
large body of statistical personnel at intermediate and lower levels. The
issue was subsequently followed up by a Working Group on Training of
Statisticians. In their report (E/CN.11/545 of 28 December 1950), the
Working Group has made a review of the statistical needs and training
facilities in the countries of the region and has stressed the need for
organizing training centres as a means to provide facilities for fmproving
the quality of statistical manpower and of statistics. The report gives
priority to the training of personnel at the primary and intermediate levels,
and considers in detail the substantive and organizational aspects of the
training of such personnel. The report also lays down the requirements of

2. The keynote of the recommendations in the report is
should not aim only at imparting theoretical knowledge,
a definite practical orientation with a view to developing
at the primary and intermediate levels the necessary skills in various types
of statistical work. The recommendations further recognize that even
personnel at the primary level should have a broad idea of the purpuses
for which statistics are produced and the uses to which they are put.

that the training
but should have
in the personnel

3. Primary personnel would ordinarily include those concerned with items
of work such as collection of data, scrutiny and computation. Training
intended for such personnel may also be adapted to suit village accountants
or other personnel engaged in maintaining basic records. Intermediate
personnel would include those engaged in supervising primary staff or
assisting professional statisticians and administrative officers.
in the intermediate level may be graduates who would later on become

Some of those

4. It has further been observed in the report that, even for such personnel,
training courses of a wide variety may be found necessary, as for instance,
a general training on important aspects of statistical work, a special training
for a particular census or sample survey, a special training in statistics in
a subject field, or a special training in a particular phase of statistical work
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2 Introduction

such as computation or field work. But taking into account the facts that,
in many countries, the same personnel are often required to do different
types of statistical work and that fuil understanding of a particular phase
is hardly obtained without sound knowledge of related phases, it has been
recommended ihat a general training which would necessarily contain the
basic elements for any special purpose training as well, and which would
suit in-service training programmes, be given first consideration.

5. The Working Group has also recommended in the report, the preparation
of a training manual on the basis of the syllabus, which would be useful
in conducting general statistical courses, and could be adapted to statistical
training in particular subject fields. This Manual has been prepared
accordingly.

2. Scope of the Manual

6. The Manual is designed for organizers and teachers concerned with
training statistical personnel working at the primary and intermediate levels
in government offices. Importance is, therefore, attached to governmental
and other large-scale statistical activities and not to those relating to
specialized scientific work. One of the main objectives of the training
envisaged being the development and improvement of the quality of national
statistics, the training should have a close bearing on national statistical
activities and national statistical series. ’

7. While the Manual provides outlines of the subject matter for training
and gives indications of the method of training, classified under suitable
topics, the task of adapting it in order to serve the special needs of each
country and the special requirements of trainees attending particular sessions
has, inevitably, to be taken up by the respective organizers and teachers.
This task can be considerably simplified if training courses are organized
within statistical offices or other institutions affording trainees direct contact
with statistical work in progress, and if training material for illustration
and for exercises are drawn from the national statistical projects which
are closest to the trainees’ fields of activity.

8. The Manual provides for comprehensive training, within certain time
limits, covering a succession of topics. Although for full training at the
level visualized all the topics will have to be gone through, it will be
possible to make a selection of or to condense or expand the topics, or
to make other modifications that may be found necessary to suit the personnel
to be trained.

9. The type of training covered by this Manual will also be found useful
for training statistical personnel engaged in institutions other than govern-
ment offices or for training prospective employees for such institutions
and offices.
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3. Scheme of the Manual

10. The Manual devotes a section to each of nine courses and contains
three appendices.  Each course is further subdivided into two, threc or more
topics. At the beginning of cach course, a course summary is given,
mentioning the topics forming part of the course and the time proposed
for instruction by way of lectures and discussions, demonstrations, exercises
and visits for each topic. There are twenty-six topics in all, under the
nine courses. Under each topic, first an elaboration of its subject matter
is given. This would determine the coverage of the training and provide
the details around which training can be given. Within each topic there
is a second scction indicating the mode of training on the topic. This
seclion would give the main subjects for lectures and discussions, the kind
of demonstrations that may be held, the type of excrcises that may be set,
the visits that may be arranged and the training material required, under
each topic,

LI. A training summary showing the different courses, the topics under
the, and the time that may be devoted to the different elements of training
is given in table 1.

4, Choice of courses and fopics

12. Each of the nine courses could be treated as an independent course.
Course 1 deals with zencral principles and inethods, whereas the other
courses are eoncerned with details of statistical operations. Accordingly,
Course 1 may be found necessary before any one of the other courses is
taken up. For a general training covering all important aspects of statistical
work. all the Courses 1 to 9 should be completed by intermediate personnel
and all the Courses 1 to 7 by the primary personnel, preferably in the same
sequence in which they are listed in table 1.

13. Interme. *1te personnel. Both the primary and intermediate personnel
would undergo the same training. as far as a major portion of the syllabus is
concerned. Courses 8 and 9 will concern only personnel at the intermediate
level. The topics as well as demonstrations, exercises, discussion and visits
within a topic which need concern the intermediate personnel only and
not the primary stafl are indicated separately, at appropriate places. It is
important that the intermediate personnel also undergo that part of the
training given to the primary staff, unless they already have previous
training or possess considerable experience, because sueh training is necessary
to enable them to appreciate the details of work that they may have to
supervise, or sometimes do by themselves, later on.

14.  Personnel secking specialization. Some of the courses might be
intensified if need be, to meet the special needs of personnel who seek
only specialized training. Thus, for personnel mainly engaged in the data
processing phase of statistieal work. Course 1 and Course 5 are of special
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Table 1.

SuMMARY OF TRAINING

Number of hours proposed for instruesion

c 7",01’:'(1" . Stages of rrolfr;r
ouric uNeCr IRC
cenrse d,;:.f:‘;/':(oln 'i:z'-':,’;" Exereise Vesit Toral wo:«sth::::/':
Q)___ (2) (3) (4) (3) (6) () (8)
1. Principles and 1.1 31 10 18 59 lw 2
methads of 0 3) (1) H) - Yy
Watisics 1.9
2. Devipning a 2.1 14 6 6 — 26 3t 5
tatistical &
investigation 2.2
3. Data collection 3.0 & 16 b 12 1 i 6w Y
by fichl work 3.2
1. Daw wllection 41& 12 4 6 - 2 10 1o 1
{rom records 4.2 i
5. Data processing 5.1 & 20 6 30 4 60 12 10 13
5.2 (6) (14) ) (20)
6. Presentation 6.1
and publication  to 18 4 16 - 38 w17
of statistics 6.3
7. Udlizadon of 7.1 & 10 —_— 10 — 20 18 1o 20
statistics 7.2 (6) (8) (i)
8. Supervision of
satistical work 8.1
(for interme- &
diate level only) 8.2 ) — (6) (6) (20)
9. Sutistical
organization, 9.1
cacordination &
and standards 9.2 ) —_— ) (1) (20)
(for Intermee
diate level only)
Tova: 141 = 38 108 18 305 Project
(35) (€)) (36) (am) (%) hours: 40

(The byures in brackets show hours o be spent by intermediate level personned only, and
already form part of the figures, if any, to which they are suffixed.)

inferest; for primary personnel engaged in compilation of reutine statistics,
Courses ' 4, 5 and 6; for primary personnel concerned with field work,
Courses 1, 2 and 3; for primary personnel engaged in analysis of data,
Courses 1 and 5; for intermediate personnel engaged in analysis of data,
Courses 1, 5 and 7; for supervisors (intermediate) who already have some
previous training, Course 8 and/or 9, and so en.

15. However, these courses will have to be suitably expanded or sunple-
mented when the training reciirement is in statistics relating to a subject
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field such as trade, transport or industry or when the training needed is
in connection with a particular investigation such as an agricultural census
or sample survey. But, for training on fopics such as sample survey theory,
or econometric methods, it is desirable that they are designed independently,
although training on some of the topics in the Manual may usefully be
taken up first.

5. Method of training

16. In view of the emphasis on practical character of the training.
instruction is intended to be mainly through demonstrations, assignments
and discussions. lectures being reduced to @ minimum.

17. Each of the topics into which a course has been divided will form
a convenient unit of instruction. Some of the topics concern prineiples,
while the rest deal with operations and techniques. The time devoted to
a topic relating to operations will be more than on a topic dealing with
principles. Each topic will be introduced briefly through one lecture. A
lecture iote on the topic, prepared in advance, elaborating the subject
matter of the lecture and providing illustrations will then be distributed to
the trainees. The subject matter given under each topic in this Manual,
will serve as a basis for the preparation of the lecture note. The matter
may be expanded by further explanation, by furnishing more examples and
by attaching specimens for illustration. The content of each such lecture
note may thus be much more than what will be conveyed through one
lecture. The lecture note should constitute the main reading and study
material for the trainees. After sufficient time has been allowed for its
study, one or more lectures followed by discussions on the topic may he
held. During such lectures and subsequent discussion, a number of questions
for clarification will be raised and answered. The results of each discussion
may be summarized and distributed as a supplementary discussion note
for study.

18. Associated with a topic there may be one or more selected demons-
trations, which may be held in the classroom or field as necessary. So
also under most of the topics there are selected practical exercises which
will be worked out by the trainees in the classroom or in the ficld.
Sufficient explanation will be provided during demonstrations and practical
exercises, but these may be followed by discussions as well. Discussions
following lectures, demonstrations and exercises will serve as an effective
means for co-ordinating and strengthening instruction. During lectures,
demonstrations and particularly discussions, copies of specimen sheets and
other training material should be made available to each trainee, wherever
possible, for simultaneous reference.

19. Besides, a few planned visits to statistical offices or other places of
statistical activily are associated with some of the topics. For the benefit
of those trainees who will be undergoing all or most of the courses, a
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small scale statistical project has bcen proposed, which the trainees will
carry out by themselves through its different stages {appendix 1).
Although this project nay function independently of training on different
topics, the different stages of project work could proceed as a parallel
activity, as showa in column 8 of table 1.

20. Lectures. The duration of each lecture is taken to be one hour. It
will be scen from table 1 that the time to be spent on lectures and discussions
together, is less than half the total training time. Since a large portion
of the time will have to be devoted to discussions, the number of lectures
should be kept small. This will be in keeping with the principle that
lectures cannot be the main form of instruction in a training intended to
create practicai knowledge and skill. In the first place, the lecture method
establishes a one way communication only between the instructor and the
trainee and would call for a great degree of comprehension and imagination
on the part of the trainee to’ translate the contents of the lecture into
working methods and actions. Lectures, moreover, cannot take the trainee
a long way in the matter of gaining practical knowledge as perhaps
demonstrations and discussions would do. Further, development of skill
will be possible only by the trainee doing pieces of work himself and, in
the limited time available for the training, he should be helped to gather
as much working experience as possible by observation and by doing
exercises and participating in project work. An excess of lectures would
therefore remove the emiphasis on imparting practical knowledge and skill.
Lectures are however necessary for presenting subject matter systematically
and in a logical and correct setting.

21. To limit the number of lectures to a few per topic will require careful
planning. The fact that there will be only a few lectures per topic should
not stand in the way of the lecture note prepared on the topie being
sufficiently elaborate. The lecture note which is intended for subsequent
study by all trainees would incidentally take special eare of those trainees
who are accustomed to learn more effectively by reading than by listening
and observation.

22. Demonstrations. Apart from demonstrations on various aspects of
statistical work facilitated by the training being so organized as to provide
eontact with actual work, and in addition to any demonstrations that may
be ade during lectures and discussions, a few seleeted demonstrations
are proposed. Such demonstrations will have the advantage of presentivy
several aspects together, in a convenient way.

23. A demonstration is internded to be of two hours duration. There are
19 demonstrations falling under the first six courses. These demonstratious
are described separately under each topic in this Manual. Each demons-
tration will have to be planned in advance so that it can be completed
within the two hour period, permitting some time for clarification of
doubts. The planning of each demsnstration will include the collection
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and organization of the necessary material. For sone of the demonstrations,
sufficient numbers of each item of demonstration material will have to be
secured so that each trainee will have with him one set during the progress
of the demonstration. Such material will include lists, maps, schedules,
ques.ionnaires, survey calendars, field programmes, punched cards, table
layouts, tabulation programmes, graphic presentations, organization charts,
photographs, and similar 1naterial. Other demonstrations will require
recorded tapes, slides, wall charts, calculating machines, mathematical tables
and other computational aids and accessories or some specially prepared
apparatus. Most of the demonstrations will be held in the classroom, but
some will have to be held outside.

24. Exercises. A few special exercises are proposed under almost all the
topics, to be worked out in addition to any project work or other assignments
outside the class hours. There are 54 such exercises in all under the nine
courses. The coverage of the exercises is described separately under each
topic. Each exercise is to be worked out in a session of two hours. An
exercise may contain sub-sections. Most of the exercises will be worked
out in the laboratory or classroom; but some, particularly those relating
to data collection, will be worked in the field. The laboratory or classroom
will be equipped with calculating machines, mathematical and statistical
tables and other computational aids and with drawing tables and instruments,

25. Exercise sheets corresponding to the different exercises will have to be
prepared in advance, and distributed separately for each exercise, together
with the necessary blank sheets (square ruled paper) and graph paper for
working it out. Maps, schedules, questionnaires or other material that are
to be used in working out the exercises should also be provided. Where
necessary, hints for working out exercises should be added after the exercise.
The exercise completed should be systematically filed by each trainee to
gradually build up a practical work book.

26. At the beginning of each practical session, a briefing of about 15
minutes should be given to the trainees by the instructor, who should
mention the principles involved in the exercise and indicate the general
plan and important steps for working out the exercise. Thereafter the
trainces should be encouraged to think and work out the exercise on
their own with the minimum of help from the instructor. The practical
work books should be periodically examined by the instructors and
connnents made.

27.  Exercises should be so framed that each can be completed within the
two hour period. If an exercise is not completed during the appropriate
scssion, for any reason, by a trainee, he should complete it outside class
hours and as carly as possible.

28. Discussions. As much time as possible out of the time allotted for
lectures and discussions on each topic should be devoted for discussions
because of their importance in the present type of training. Although
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discussions need not be held in sessions of equal duration, those which
follow lectures can be arranged in two hour sessions. A number of questions
arising within the subject matter contained in each topic should be raised
and suitable answers or clarifications provided. The questions should
naturally he geared to impart practical knowledge, and should be mostly
concerned with bringing out problems, points and other details that will
be met in practice and ways of tackling them. Some of the questions
should however involve clarification of principles as well.

29. Discussions may have to be stimulated. 1f it is left to the trainces
always to take the initiative in asking questions, it is likely that very few
questions will be asked and that only a small section of the trainees will
come forward with questions. On the contrary, if all the questions are
posed and answered by the instructors. the discussion will take the shape
of a lecture. It is therefore very necessary to have the discussion pre-
planned and conducted in an organized fashion. A series of questions and
answers within each topic should be prepared by the instructors in advance,
but not distributed before or during the session. These questions and
other questions as well should be posed to the whole class and trainees
asked individually to provide answers. These answers should be reviewed
briefly by discussion and the correct answer formulated by the instructors.
Discussion will not only promote understanding by the trainees of principles
and techniques, but also enable the instructor to judge the grasp on the
subject that each trainee has acquired.

30. The questions and answers prepared in advance will cnable the
instructors to conduct the discussion systematically and with proper
utilization of time. They will also form a substantial part of the notes
prepared and distributed after the discussion (paragraph 17 above). The
notes should include also some questions to be tackled by the trainees
themselves. Those relating to each discussion should be distributed as soon
as possible afterwards. Questions and answers and questions for answering
prepared in advance under each topic, may be utilized for initiating
discussions and for the preparation of discussion notes. One or more
discussion notes will have to he issued corresponding to each topic. The
discussion notes together with the lecture notes on each topic will form
the main study material for the Lrainces.

31. It is likely that some of the trainces will be found to be unaceustomed
to the discussion method. One way of stimulating discussion will be to
ask each trainee to prepare and present for arswering during discussion
a set of questions based on his study of the lecture notes on each topic.
Special attention may be paid to them during discussion and they should
be encouraged to ask questions and give answers. The discussion habit
should be developed in the trainees as carly in the course as possible and
care should be taken to ensure that all trainees participate in the discussion.
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32, Facilities should be provided for the trainees to consult instructors
individually. For this, consultation or tutorial heurs may be set apart.
The arrangement made in respect of the number of consultants, instructors
or tutors and the time allowed should be adequate to ensure that a!l the
trainees avail themselves of this facility.

33. Visits. 1f the training is organized to take place within a statistical
office which carries out work on a large scale, the trainees will have the
opportunity of observing the systematic flow of operations of various kinds
and details of actual work. Whether this facility exists or not, a few
special visits to statistical offices or other places where field work or other
activities are carried out have been proposed. The nine visits proposed
are connected with the courses on data collection, data processing, supervision
and statistical organization. These visits will have to be made by previous
arrangement and it should be possible to demonstrate to the trainees different
aspects of work during the visit. The duration of each visit, excluding
time for travel, has been taken to be two hours.

34. Project work. While the lectures demonstrations, exercises, discussions
and visits would cover the entire subject matter of the syllabus, in order
to illustrate the interrelations of the different stages of statistical work and
to provide trainees with additional working experience, a self-contained,
small statistical project should be carried out by the trainees. The emphasis
in this project work should be not on the volume of work but on the
representative nature of the project and the quality of work. Although

‘the project will be a small one, since the different stages will have to be

carried cut in sequence, it will be spread- over a few weeks. Accordingly,
projectswork will become part of the training only for those who undergo
relatively long term training, such as those taking Courses 1 to 7 or
Courses 1 to 9. Carrying out the poject work after completion of all the
courses, aithough desirable from some points of view, would mean a
considerable extension in the total training time. The project should
therefore be carried out, side by side with the training on the different
topics. Each trainee should participate in all stages of work in the project
as an assignment, either individually or in a team as the stage of work
demands. Data collection in the project will have to be done outside the
class hours. But other stages of work can be done mostly in the classroom.
For this purpose the project work has been divided into 20 stages, each
stage involving two hours of classroom or laboratory work. The specification
of the type of project to be selected and the 20 stages of work are given
in appendix 1.

35. Publications for reference. A list of selectud publications appears in
appendix 3. Most of these are international publications, of the manual,
handbook or studies-in-method type. In view of the fact that few of the
available text-books provide full treatment of practical details of statistical
work, it may not be possible to make wide use of text books for the
training. The trainees, while they should have easy access to reference
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material and other publications in the library, should give priority to the
lecture notes and discussion notes and other training literature distributed
during training. Accordingly, assisted reading will not form an important
part of the training.

36. Tests. In addition to following the progress made by each trainee
and judging the performance of each during discussions and in working
out assignments, periodic and final examinations may be held to assess the
trainees. Conducting examinations will not only provide a basis for the
award of training certificates, but will increase the seriousness and alertness
of the trainees. The examination procedure may be considerably simplified
by setting objective questions, whether the test is written, oral or a field
exercise,

37. If the number of candidates sceking adinission to the training courses
is more than the in-take capacity of the training centre, screening tests for
admission will have to be held. One of the main considerations in selecting
a candidate for training will be his usefulness after training. The objective
type of tests will be found useful for the purpose of selection tests. Tests
may be conducted in respect of knowledge in subject fields and aptitude
in numerical work and/ov field work. The knowledge of mathematics and
economics, required for the training will be high school algebra and geometry
and familiarity with some of the elementary terins in economics.

38. Orientation lectures. TFor the benefit of trainces who join the training
centre for the first time, one or two orientation lectures may be arranged,
to enable them to adjust themselves quickly to the environment of the
training ccntre.

6. Programming the training

39. It will be seen from table 1 that the total time for instruction, for all
the 9 courses, is 305 hours, out of which 220 hours will be spent on primary
personnel and an extra 85 on personnel belonging to the intermediate level.
This does not include the 40 hours for project work in the laboratory or
class room or the time for data collection outside class hours for project
work, or time that will be sct apart for consultation by trainees or for
tutorial work. If training is on all the 9 courses, and is imparted on a
full time basis at the rate of about 25 hours per week, it can be completcd
in about 3 months. If the training is given on a part time basis. it will
have to be spread over a longer period. But it is desirable not to extend
even part-time training beyond a period of 6 months.

40. In the preparation of the day to day programme of training eclasses,
the training summary in table 1 and the coursc summaries given at the
beginning of the scctions on the different courses will be of help. In
taking up courses, topics or itcms for training, the sequence followed in
the Manual may be followed. But from the point of view of uniform

le g
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utilization of training equipment and for preparing workable programmes
of classes. it may be necessary to take some of the items within a topic
out of the sequence indicated. This may not always be possible without
seriously affecting the unity of development of the training. Topic 5.2,
for instance, is one which may be taken out of the sequence and commenced
even from almost the beginning of the training. In order to cover the
various items of training within the prescribed time, careful planning of
the programme of classes and keeping a watch on the progress of training
will be necessary.

7. Organization of training

4l. The organizational aspects of training, in terms of teaching stafl.
location, equipment, materials, and administration, will require special
attention. They will be largely determined by the specific purpose of the
training, the number of trainees per session and the resources available.

42.  As the training is essentially practical in character, involving discussions,
denionstrations and exercises, individual attention to trainees will be required.
Mainly for this reason. it is recommended that the maximum number of
trainees per session should be 30.

43. A list of equipment and material required for training a hatch of thirty,
is given in appendix 2.

4. Training staff. The basic requirements of the staff chosen to impart

training should be mastery of subject, skill in work, familiarity with

problems to be encountered in statistical operations and ability to suggest
measures to tackle them. Some of the training staff may be full time
teachers, others part time. There should be one full time staff member
in charge of organization, co-ordination and direction, and perhaps two
other full time teachers, one each with. experience in large scale field
work and in data processing respectively. A number of part time teachers
with competence in statistical operations in various subject fields will also
be needed. They may be drawn from the statistical offices, training institutes
and, if necessary, from universities.

45.  The training should be-located as far as possible in operating statistical
offices and organized with close collaboration between as many statistical
offices and institutions as possible. It will be possibie to utilize a wide
range of facilities offered by the various collaborating organizations.
Training on different topics may be held at different offices.

46. There may be a number of administrative and instructional problems
to which attention has to be paid both in establishing a new training
centre and in running it. They are as follows:
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(1) Organization of training centre

1.
2.
3.

4.

Preparation of scheme and budget for centre.
Securing funds, accommodation and equipment.

Preparation of prospectus, form of application, syllabus and other
promotional literature.

Enlisting co-operation from other organizations from within and
outside the country.

Enlisting and training if necessary, teachers and other staff.

Preparation of training material.

(2) Maintenance of centre

9.

10.

11.

12.
13.
14.

15.

Setting up a centre office.

Providing library facilities.

Transport arrangements (regular, field work).

Maintenance of calculating machines and other equipment.

Arrangements for issue of stock including laboratory equipment
and stationery and for distribution of training mate-ial.

Arrangements for editing and printing instruction sheets, training
notes, test questions,

Hostel or other accommodation for trainees and visiting teachers.

Circulation of prospectus and other literature, and receiving
applications from candidates.

Screening of applications (admission tests).

Registration of trainees, maintenancz of atiendance records,
progress reports, and examination results and periodic review of
training.

Preparation of time schedules and training programmes for day
to day training.

Co-ordinating and supervising instruction.
Conducting examinations.

Awarding certificates at the end of training (including printing
certificates).

Preparation of training reports.
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Course 1

PRINCIPLES AND METHODS OF STATISTICS

This course is intended to be gone through by trainees both at the
primary and intermediate levels, with the exception of one topic meant
for those at the latter level only.

The course will provide the necessary background for the eight courses
which follow. It could also serve as an independent course on general
principles and methods in statistics.

Training will be given through lectures, discussions, demonstrations
and exercises. Since the course is designed to provide knowledge of
statistical concepts, terminology and principles and to give an introduction
to elementary statistical methods, the emphasis in training under this course
will not be so much on operational skill as it will be in the subsequent
courses. Exercises under this course should be confined to giving the
trainee a clear understanding of the principles and techniques through as
many brief but representative examples as possible, but not those which
involve details of procedure or voluminous material. Numerical work given
in this course, unlike that in Course 5, may be simple enough not to require
mathematical formulation or the use of calculating machines.

Course summary:

Number of hours proposed for Instruction

Topic [y D
Lecture, emons- . .
Discussion tration Exercise  Total
LI Scope of statistics ....... 3 - - 3
1.2 Stustics and their uses .. 3 - 2 5
1.3 Basic concepts=1 ...... 3 - 2 5
14 Basic concepts=2 ....... 3 2 2 7
1.5 Sutistical operations ..... 3 2 - 5
1.6 Elementary statistical R
methods=1 . ....... 5 - ] 9
1.7 Elementary statistical
methods~2  ......... 5 - 4 9
1.8  Elementary statistical
methods=3  ......... 3) ) ) n
(for intermediate level only)
1.9 Quualities of good
statistics  ..... P 3 2 - 5
ToraL: 31 10 18 59
3 ) “) an

(The figures in brackets show hours to be spent by intermediate personnel only and
form part of the totals below which they appear.)
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e —

TOPIC 1.1

Scope of statistics

1. The statistical approach is part of our everyday thinking. It is this
approach by which we gain expericnce and obtain guidance in many matters
of life. In personal matters, we may not formulate our problems in a
very scientific manner, we may not nake a systematic record of the facts
we ohserve, we may make our computations only mentally, and we may
draw conclusions that are clouded by general impressions. Nevertlicless,
it is the statistical way of thinking that enables us to describe or characterize
persons, objects. situations and phenomena wiili some reliability; to make
assessments and commparisons in an objective manner; to make wiser decisions
by sifting the true from the untrue, the probable from the improbable,
the relevant from the irrelevant; and, by adding facts and findings to our
experience, to make decisions and formulate courses of action in such a
way that the risks or losses involved are kept at a possible minimum.

In the wider and more important spheres of government and business.
in public life and scientific research, statistical techniques and statistical
information not only play a magnified role but constitute an organized
and svstematie methodology, which calls for a good deal of skill and
craftsmanship for its successful application.

2. Role of statistics

Statistics, as a subject for study and practice, is based on the fact
that information is provided in its most efficient form whea it is expressed
numerically. The importance of the subject lies in the fact that many
things and events around us are capable ot being described and studied
quantitatively. Even many descriptions which arc at first qualitative in
form can be suitably expressed in numbers. Numerical information can
arise in almost all fields of human aetivity and therefore statistics has a
place in every field. For this reason, the subject of statistics remains a body
of scientific principles and methods concerned with numerical information,
and is not a separate science like economics, biology, physics or chemistry,
though statistics has its place in all of them.

Briefly, the role of statistics, in any field of application, is as an aid
to solving problems, or to be more specific, to answering a variety of
questions raised in solving problems. This function it performns through ;
certain stages. The problem is first suitably formulated and resolved into
a number of unambiguous questions; information relevant to each question
is collected as accurately as possible; these items of information, otherwise
called statistical data, are carefully studied and the results of the study are
then utilized to frame an answer to each question.
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For example, suppose a couniry is facing the problem of tackling a

¥ famine whieh has just broken out. Some of the questions that are

immediately raised are: What is the number of people for whom food

has to be provided? How many are likely to be displaced from their

hoarding is the main cause? How much time will be taken to set right
each of these causes? How much stock of food is available? How much
food is to be imported? How much foreign exchange is available for
importing food? How much time will it take for imported food to reach
the country? What will be the effeets of the famine? To what extent
are prices likely to rise? Is price control nceessary?

The answers to these and similar questions are provided with the help
of cither statistical inforination readily available, or information speeially
collected for each purpose. The type of answer given may differ from
question to question. The answers to some of the questions are certain
numerical values which can be direetly provided. Some of the questions
1cquire estimates to be made. Some questions require verification. Others
require a study of interrelations of factors before answers can be given.
The correetness and reliability of each answer will depend on the amount
of information used, its quality, and the efficiency of the methods of using
that information to frame the answer.

The questions asked ahove, are typical of most of the problems which
statistics can help to solve. Statistical aetivities are thus not confined to
compilation of numerical facts, but inelude: formulation of problems,
planned eolleetion of information, analysis of the information and utilization
of the resnlts of the analysis to meet speeific objeetives.

homes? What are the causes which led to the famine? Can it be that
I
3

3.  Emergence of statistics

Until about three centuries ago, the subjeet of statisties comprised only
the compiiation, fcr use by the state, of certain basic data snch as number
of people, number of livestoek, or amount of agricultural wealth. The
compilation of such information was carried out as an administrative duty.
Not much by way of teehnique, either in the colleetion of data or in the
analysis and interpretation of figures, was known. Statistics had not yet
developed as a subject by itself and the term ‘statisties’ simply meant
unmerical information. This usage is still in vogue. Such statisties
continue, even now, to be eompiled on an extensive scale and as an important
activity and they form a very wide braneh of the subjeet of statisties.

In the last several decades, many developments have taken plaee also
on the theoretieal or analytical aspeets of numerical information, partieularly
in the designing of colleetion of statistical data, their analysis, and
interpretation. These developments have been a result of increased use of
statistical information in diverse fields, together with the eoming into being
of the mathematical theory of probability.

O
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16 Course 1. Principles and methods of statistics

Training on Topic 1.1
4. Lectures and discussion
(1) Prcsentation of contents of scctions 1 to 3 above.

(2) Consideration of details of the process of evolution of modern
statistics as a scientific ncthodology and the general role it plays in different
fields of application.

5. Training material

Lecture notes.

TCPIC 1.2

Statistics and their uses

L. The use of statistics are many and varied. Their use is gencrally
restricted only by the lack of adequate statistical data or due to absence
of knowledge as to how to usc them correctly and effectively. History
shows that, in times of cxpansion and new activity, in war and emergency,
and in reconstruction and planned development, always new types of
information are required, and the collection of new statistics, their use and
methods of use gain considerable impetus.

Statistics are produced by various agencies at various levels and on
-arious scales. So also there are many types of users of statistics. The
producers of stalistics crcate them mostly for their own use; but those
statistics are useful for others as well.  Accordingly, all users do not produce
their own statistics; they may .have to depend partly or solely on other
sources.

2. Producers of statistics

Those who produce statistics may be broadly classified into four
categories:

(1) Individual investigators: Statistics produced by individual workers
are the result of making experiments and other studies, often with a view
tc discovering scientifie facts, Such data arise in the natural and soeial
sciences in fields like genetics. psychology, physies, or in economies in
fields like agriculture and industry. These data are of seientific quality
and value; they arc usually concerned with one or a few specifie problems
and are produced on a small scale. There are, however, some research
organizations which produce statisties in a similar manner, but on a larger
scale. These statistics, if published, appear in journals or in reports.

e
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(2) Individual organizations: Business organizations like manufac-
turing firms and retail firms, local authoritics like municipal offices, transport
organizations like railway or motor transport companies and other such
organizations, produce statistics concerning their activities. Such statistics
are compiled mostly from rccords, like payrolls, customer aceounts, progress
reports, invoices, or supply indents, which accumulate in the course of
routine operaticns. Besides, they may compile strtistics based on special
inquirics made by them cither within the organization or outside. The
inquiries may be dcsigmed cither 1o answer specific questions from time
lo time or lo provide information once for all.

The statistics produced by these organizations will be available in their
statistical documents or in reports. Some of the statistics may be of a
confidential nature. Others will be passed on, in self interest or under
obligation, to organi'l.alions such as newspapers, chambers of commerce,
trade associations and the government.

The larger bodies like associations and :he government consolidate the
statistics received from the different organizations and create a wider set
of statistics relating to activitics of several similar organizations as a whole.
Although, in respect of such statistics, the larger bodies do not produce the
data first hand, they are considered as producers of at least secondary
statistics, in so far as such statistics are the result of further compilation.
Often these secondary statistics arc supplemented by statistics hased on
special inquiries condueted by the larger bodies with a view to filling in
gaps in information contained in the original data.

(3) The government: By far the greatest producer of statistics in
any country is the government. Statistics produced by the government
relate to the country’s welfare and mostly to the national economy. A
considerable pait of government statistics are compiled from records which
accumulate in day to day administration or from statistical returns received
{rom other sources as provided under law. Other statistics are obtained by
condueting speeial inquiries cither periodically or occasionally according to
demand for particular types of information. Such special inquiries may
be condueted by the govermment directly or through agencies appointe:
by the government. Governmental statistics which are not of a confidential
nature are published in administrative reports. statistical bulletins. statistical
abstracts, statistical year books, census reports, sample survey reports and
like publications.

Each eountry has its own statistieal system. The quantity and variety
of statistics produced- difler from eountry to country. The major subject
fields in which modern governments compile statistics may be classified
as follows:~—

Population and health
Agrieulture and irrigation

Mining, power and industry
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e I'rade. foreign and internal

w“u

0 Traunsport: vailway. voad. shipping and civil aviation
Communications
Iducation and culture

F Housing

Labour and employment

Prices

PPublic finance

Money and banking

Balanee of payments

National income. national accounts and financial flows

Planning.

Stalistics on subjects like defenee, although compiled by governments.
are not published or made available for general use.

'

(4) Internationel'agencies: The United Nations compiles and publishes
statistics in various subDject fiells, based on data reeeived from individual
nations and international organizations. Organizations such as the Inter-
national Monetary Fund, Food and Agriculture Organization of the United
Nations. International Labour Office and the World Health Organization
also produce international statistics in their respective ficlds. These agencies.
by developing statistical standards, by contributing to knowledge of statistical
methodology and by offering advice, also assist nations to produee statistics
that are eomparable on an international basis and to develop new statistics
where they are lacking.

2, The govermment as a user of statistics

Governments nse statisties as an aid in eondueting the affairs of the
slate, or in other words, in administration. Administration in its wider
sense involves not only day to day control, hut also the making and
exccution of policies extending over periods of time. Some administrative
actions are takeu in aceordanee with established rules, while some are hased
on decisions dictated by the course of events. Decisions thus have to be
made with regard to many individual actions as well as policies of aetion.
It is in relation to decisions behind actions and policies that statisties are
most useful. They are also useful in guiding action and evaluating the
results of action, thereby allowing changes to be made in deeisions, if any.
This does not meaun that all policies and actions are, or need be, hased
on slatistics: or that, for making a specifie deeision, &ll the rzzessary
information will be found iu the statistics available. Howeve , often the
same sel of stalistics ean be diverted to several uses. The following are
somne of the government uses of statistics.

LRIC
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(1) Routine administrative controt: The various types of government
statistics describe the nation as a whole or its component sectors, in terms
of different characteristics. Statistics describing different entities of a similar
type enable comparisons to be made. Thus for instance, comparisons are
possible between different geographical areas, different communities or
different time periods. Such comparisons provide indicators of differences
and indicators of progress. These indicators will show out if something
is wrong and serve as signals for action. Examples of taking action on the
basis of indicators are:

(a) I yield of crop is very low in some areas as compared to others,
steps may be taken for providing irrigation, fertilizers or other facilities.

(b) 1f wages fall below subsistence level, enactment for a minimum
wage may be introduced.

Statistics as indicators also serve as a check on administrative action.
Thus for example, if steel allocated adds up to more than the amount
of steel available, evidence is provided that the system of allocation has
gone wrong.

(2) Policy making: Apart from making decisions and actions on
current matters, the government has often to formulate legislative, executive
or economic policies, for future action. Examples are: policies of com-
pulsory education and nationalization of industries, budget policy, trade
policy, agricultural policy, credit policy, wage poiicy, taxation policy. The
role of statistics in policy making is by summarizing experience of the
past and helping to establish results to be cxpected in future. Firstly, by |
analyzing statistics in those subject fields closely related to the issue, the i
policy maker is enabled to select 2 few alternate policies for consideration. |
By further analysis of the related statistics he will be able to work out the |

|
|

results that can emanate from the different policies, if adopted. This will
help him to choose one reasonable policy out of several under consideration.

Further, when a policy has been in operation for some time, statistics
of the results achicved can be used to cxamine whether the policy has been
successful or not. If not, the policy may be revised.

(3) Planning for economic development: For accelerating economic
growth, many countries adopt planncd economic development. In a
development plan, certain targets are to be achieved at the cnd of a
prescribed time period. This will involve the framing of a planned policy
for achieving cach target. Statistics will be useful in framing the plan
policies and in determining the magnitudes of the targets corresponding
to each policy, if adopted. Thus for planned production of a commudity
like steel or textiles, somc of the statistics useful for fixing the targets are
those relating to production, resources, capacity for expansion and import
and production of machinery, For framing the financing policy of the
plan. statistics relating to domestic savings and foreign capital will be
useful. The financing policy may further involve a taxation policy for
mobilizing domestic savings.
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4, The outside user of government statistics

Outside the government, there are many private users of government
statistics. They include business men who require timely information
concerning the problems and prospects of their trade. Detailed information
will be of interest to them about stocks and prices of raw materials, wage
rates, imports and exports, income structure of consumers and similar
characteristies related to their trades. There arc many other users as well,
like ceonomists, statisticians, politicians, historians and journalists.

Training on Topic 1.2
S. Lectures and discussions
(1) Presentation of contents of sections 1 to 4 above.

(2) Illustration of how an organization (a governmént office, or an
industrial establishment) produces its own statistics and makes use of
statistics produced by itself and by others.

6. Exercise
Example:

(e) Matching major national economic characteristics given in one
list with minor characteristics in another list.

(b) Selecting from specimen documents characteristics which would
leal to useful statistics and listing the uses to which the resulting statistics
ean be put to.

7. Training material

Lectuze notes. Exercise sheet.

TOPIC 1.3

Basic concepts—1

1. Statistical data

A distinction may be made between statistical data and statistics.
Statisties are numerical facts derived from statistical data, by processes like
rearrangement and eondensation. Statistieal data can be cither qualitative
or quantitative, but statistics are always quantitative. (It is possible that
statistics derived by one person or for one purpose serve as quantitative
statistical data for another.)
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Statistical data are the result of observations of characteristics on
individuals. The three words “observation”, “characteristic” and “indivi-
dual” are used here with meanings, to some extent, special to statistics.
These meanings will be clear from the following examples of making
observations leading to statistical data.

1) An agricultural investigator visits farms and by inquiry and using
other resources at his disposal, finds out and records for each
farm, the area, type of crops, number of livestock and value of
implements in use.

2}  An inspector in a manufacturing plant takes each bolt produced
and, with the help of a micromeler, notes its thickness.

3) An accountant in a firm draws np the balance sheet at the end
of a year.

4)  An official in a government office compiles the quantity and value
of textiles exported by the country in a month from records received
from the customs office.

Each of these involves, besides an observation procedure, (a) a statistical
individual and (b) one or more characteristics, which are identified and
presented below.

Example Staristical individual Characteristic('s)

1) Farm 1) Area, 2) Type of crop, 3) Num-
ber of livestock and 4) Value of
implements

2) Bolt Thickness

3) Firm 1) Receipts, 2) Expenditure and 3)

(assuming that accounts Balance
of different firms for the
same year are of intcrest)

4) Mounth
(assuming that exportsby 1) Quantity of textiles exported, 2)
the country for different Value of textiles exported.
months are of interest)

2. Statistical observation
1) The word ‘observation’ has a wider meaning than usual in statistics.

2) Observation is the process by which information from a source is
extracted and recorded.

3) Observation implics a statistical individual and ome or more
characteristics of the individual, which are of interest.
Q

k.
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4) The observation method may be different for different characteris.
tics on the same individual.

5) Observation is carried out usually by the human agency with or
without the help of instruments.

Among the metnods of observation are the following: measurement,
counting, personal judgement, taking answers based on interviews, copying
from existing records, using self-recording instruments.

6) An observation made by an agency on an individual may be or
may not be based on observations made at preceding stages, on
the same individual or on component individuals. (Thus, in
example 2, the inspector makes a direct observation on the bolt.
But, in example 1, the investigator may have to record the area
of the farm on the basis of a survey map, or he may have to
record the value of the implements on the basis of a price lst or
accounts shown by the farmer. In example 3, the observation
made could be regarded as one made on a compound individual,
on the basis of observations made at earlier stages on component
individuals, namely, various items of receipts and expenditures of
the firm, at different times in the year.)

7) It is important in any problem to decide on what to make the
observation, or in other words, what should be the statistical
individual.

8) The term ‘observation’ is sometimes, also used as an abbreviation
for ‘result of observation (characteristic(s) as observed) on an
individual’.

3.  Statistical characteristics

1) The term ‘characteristic’ in statistics stands for a feature, property
or aspect, in terms of which an entity (whether to be treated as
a statistical individual or not) will be described.

2) Several characteristics may be necessary, to describe an entity, for
a specified purpose. Example:

Purpose Entity Characteristics
Military Male adult Height, weight, girth, freedom from
recruitment person diseases, marital status, number of
dependents.

3) Characteristics of a broader type may be subdivided into
characteristics which can be more easily observed. Example:

Hygienic condition—type of drainage, type of water supply,
nearness to factories, accumulation of garbage.
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4) A characteristic will vary in its manifestation. In other words,
a characteristic can take alternate forms and a particular entity
would possess only any one of these alternate forms with respect
to each characteristic. Examples:

Characteristic Alternate forms
a) Marital status Single, married, widowed, divorced,
separated.

b) Number of dependents 0,1, 2,3,4,....

Thus, with respect to the above two characteristics, a person may
be described as: married and having 3 dependents,

5) A characteristic of which the alternate forms are numerical values,
is called a quantitative -characteristic or a variable. Examples:
income, age, value of grains imported, quantity of electricity
produced, household size, number unemployed.

6) A characteristic of which the alternate forms are qualitative
categories, is called a qualitative characteristic or an attribute.
Examples: economic status, sex, educational level, occupation,
industry.

7) A variable which can take only certain specific numerical values,
is called a discrete variable. Example: a count like number of

members in a household or number of motor accidents per day
in a town.

8) A variable which is capable of taking any numerical value (in
some range of values) is called a continuous variable. Examples:
age, temperature, value of product.

Note:  Even a variable which is inherently continuous, can be observed
in practice, only in terms of discrete values, due to limitations in
making measurements.

9) The same characteristic may, depending on the context, assume
either the form of an attribute or that of a variable. Example:
balance of payments—as an attribute would take the alternate
forms: favourable, unfavourable; and as a variable would take
any positive or negative numerical value.

4. Statistical individual

1) The term ‘individual’ connotes something which will not be further
sub-divided in a given context and is the entity on which the

observation is made.
O

ERIC

Aruitoxt provided by Eic:




Course 1. Principles and methods of statistics

2)

3)

4)

6)

7)

8)

9)

The individual can be any type of entity, provided it is capable
of being identified and observed. Examples: object, group of
objects, person, portions of bulk material, geegraphical area.
institution, time period, trade, nation.

The individual may be qualified or conditioned by other entities.
Examples: farmm within a particular geographical area. coal mine
relating to a year, worker in a particular industry in a particular
locality.

The individual may be qualified or conditioned by characteristic
manifestations. Examples: male person, two member urban
household, hill tract village. re-export commodity, unskilled female
labourer.

An individual may present one or more characteristies for
observation.

Observations (of ome or niore characteristics) on a number of
individuals all of the same type, will constitute a separate series
of statistical data. Examples: @) The export and import figures
of a country for different years will form one series of statistical
data with the year as the individual, whereas export and import
figures for a year, of different countries, will form another series
of statistical data with the country as the individual. b) Charac-
teristics like family size. monthly expenditure and living room
space, observed on the different families in a village, will form
one series of stalistical data, whereas characteristics like age, sex.
educational level and marital status observed on members within
the families in the village, will form a separate series of statistical
data.

The term ‘individual’ may be used to denote either the general
individual class, or a particular member of the class. Thus, when
it is stated that the farm is the individual, the class is referred
to; but when it is stated that the third individual observed was
farm F, a particular farm is referred to.

The term ‘individual’ is also sometimes used as an abbreviation
for ‘observed characteristic(s) relating to an individual’.

It is important to identify, in any statistical data available, the
statistical individual concerned, because in the handling of statistical
data, information about the individuals such as their type and
number will be required.

Training on Topic 1.3

Lectures and discussions

(1)

Presentation of contents of sections 1 to 4 above.
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(2) Explanation of the basie concepts with selected examples.

6. Exercise
Example:

Familiarity with observation of characteristics of different types:
attribute, count and measurement.

(a) Observation of one characteristic of each type (i) repeatedly on
a single entity, (#) once on each of a number of different entities.

(b) Observation of a set of characteristics of different types, all once
on each of a number of different entities.

The observations may be made on special objccts supplied, or on
objects around the classroom. For observations of the measurement type,
even lengths of straight lines drawn on paper may be measured.

In this exercise, incidentally, ideas about accuracy attainable with a
given measuring instrument and methods of rounding off measurement values,
may be brought out.

7. Training material

Lecture notes. Exercise sheet.

TOPIC 1.4

Basic concepts—2

1. Statistical population

1) The statistical population is a composite entity capable of being
defined in terms of its component entities and their characteristics.

2) When the characteristics of an eatity can be determined by direct
observation on the entity, however large or complex the entity is, the entity
is not referred to as a population.

Example: If the name or geographic location of a country is of interest,
the country is not regarded as a statistical population, rather, in this context
it is only an individual.

3) When the characteristics of an entity are such that they can be
determined only through an aggregation of the same or other characteristics
observed on a number, usually a large number, of statistical individuals,
the original entity will be regarded as a statistical population.
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Examples: Consider the following characteristics which are to be deter-
mined.

(a) The cultivated area of a country.
(0) The human population (number of inhabitants) of a state.

(¢) The number of persons dying in a particular region due to cholera,
in a year.

Each of these is a population characteristic which can be built up out
of observations of the same or other characteristic on all the individuals
constituting the population. The observation and aggregation involved in
each of the three cases are shown below:

OBSERVATION AGGREGATION
Individual Characteristic Poprdation Characteristic
a) Plot of land Arca under cultivation  The sct of all plots of  Total area under cultiva-
land in the country tion 1n all plots of land
in the country
b) Habitation Number of persons The sct of all habita-  Total number of persons
tions in the state in all the habitadons in
the state
¢) Death (cach Cause of death Al death cases in the  Number of cholera deaths
casc of death) (cholera or not) region, in the year in the region in the year

Note that in the third example the characteristic of observation is different
from the characteristic obtained for the population. In fact, the former is
an attribute and the latter a discrete variable.

A statistical population is thus the complete aggregate or totality of
statistical individuals in relation to specified characteristics.

4) A population may be divided into sub-populations for organizational
or other reasons.

Example: In order to find out the electricity generaled during a period
of two years, the power generating station may be treated as the individual
and the two year period may be sub-divided into months. The set of power
generating stations operating in each month will form a sub-population, there
being 24 sub-populations in all.

5) The total number of individuals in a population is called the size
of the population.

6) A population made up of a determinable number of individuals
is called a finite population. The statistical populations referred to in the
foregoing examples, are all finite populations. But all populations need
not be so.

7) When the characteristic specified is such that observations on an
unlimited number of constituent individuals, are admissible, the totality of
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such individuals is called an infinite population.  This totality would remain
abstract, but is still defined by the individual and the characteristic(s).
Exampies:  Consider the following questions.

(a) By using a certain type of fertilizer how much will be the increase
in the yield of riee erops?

(b) What proportion of people will dic if there is an outbreak of
small-pox ?

(¢)  What should be the output per week of a particular type of steel
plant?

Note that these questions are different from questions like: What was the
increase in the yield noted in a particular manurial experiment? or What
was the output of the steel plant during the last month? Each of the above
queslions requires the determination of a characteristic. The determination
of the characterisic further requires observation to be made on statistical
individuals in each case, as follows:

Individual Characteristic to be observed
(a) Fertilizer experiment Yield of rice crop
(b) Small pox outbreak Number of persons dying

(each occasion)
(¢)  Steel plant Output per week

Note that the best answer to each of the three questions obviously cannot
be given on the basis of observation of the characteristic on one individual,
because the characteristic manifestation will differ from individual to
individual. Each fertilizer experiment for instance would give a different
yield of rice crop.

Consider now how many observations on different individuals, for
each charaeteristic will it be possible to make, in all? This camnot be
answered because the number of individuals that can be ohserved in each
case is unlimited. The totality of statistical individuals in each of these
situations constitutes an infinite population.

8) The term ‘population’ is sometimes used also to refer to the ‘totality
of sets of observed characteristics on individuals’.

2. Sample

1) A specified sub-set of statistical individuals of a population is
called a sample.

2) A sample will ordinarily consist of more than one individual.
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- 3) The number of statistical individuals in the sample is called the
sample size.

4) The unit in terms of which a sample is selected is called the
sampling unit. The sampling unit need not always be the statistical
individual.

Example: For the purpose of determining the price of a commodity,

prevailing in urban areas of a state, first a sample of the towns may be

selected out of all the towus in the state; then from each town selected,

a sample of some markets may be chosen and the prices of the commodity

in these markets observed. The town and the market are both sampling
. units. But only the latter is the individual.

5) There are several types of samples, named usually after the manner
in which the individuals constituting the sample are selected out of the
population. Some types are: equal probability or simple random sample,
stratified sample, multi-stage sample, multi-stage stratified sample, cluster
sample (Topic 2.1).

6) Tor the purpese of determining population characteristics, instead
of observing the characteristics on all the individuals in the population,
the individuals in a sample only may be observed. Then the sample
characteristics will be utilized to determine appreximately the population
characteristics.

7) The error involved in such an approximation is called ‘error due
to sampling’ or sampling error. ‘The magnitude of the sampling error will
z depend mainly on: (a) the manner in which the individuals in the sample
are selecied, (b) the size of the sample and (c) the extent to which the
characteristic manifestations differ from individual to individual in the
population.

8) In dealing with only a sample instead of the entire population,
there are, however, considerable gains, especially in time and cost, not
only in respect of making observations of characteristics but also in the
subsequent handling of data.

9) I the population is finite, sampling may or may not be adopted.
If the population is-very small in size, sampling may not be necessary or
desirable.

10) If the population is infinite, only samnpling is possible; and
sampling error is unavoidable in that case.

11) Generally, the larger the sample size is, the less the sampling
error will be, although the time aud cost involved will be more. How big
the sample from any pcpulation should be has, therefore, to be decided
in such a way that the harm or damage caused by sampling error plus
the time and effort expended in the study of the sample is the minimum

possible.
Q
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12) It is the practice sometimes to use the term ‘sanple’ also for the
sets of observed characteristics on individuals in a sample.

3. Typical statistical data

Whatever be the way in which data are recorded at the i = of making
observation on individuals, it is always possible to draw up a list or
series giving the identification of each individual and the characteristics as
observed on each of them. (Making such a list is not a necessary step for
the handling of data). Given below is a section of such a series relating
to some characteristics observed on 1,215 industrial workers. This serie
represents several aspects of statistical data. :

Serial Worker [denti. Sex Age (years Marital Larnings, Dependency
ntimber fication number completed) statis sweekly (rumber of
(dollars) dependents)
(1) ) (2) (3) (1) (5) (6) (7)
1 X 0237 male 32 single 67 0
2 X 0313 male 47 marricd 131 5
3 X 0752 female 39 married 102 1
4 X 1319 male 28 single 39 1
5 X 1615 male 41 widowed 113 3
6 X 1739 female 30 divorced 97 2
1214 7 8321 female 27 single 115
1215 7 9302 male 39 married 119 2

The statistical individual in the data is the industrial worker. Five
characteristics have been observed on each worker, namely, sex, age, marital
status, earnings and dependency. Each row in the series represents an
individua! in relation to the five characteristics.

Column (1) shows the serial number of the observation; column (2)
the identification of each worker and columns (3) through (7) the five
characteristics observed on the individuals.

Of the five characteristics, two, namely, sex and marital status are
attributes. Age and earnings are contintous variables and dependency a
discrete variable.

Since more than one characteristic are observed, the series constitutes
multiple characteristic data.

Some of the population characteristics for the determination of which
the data can be used are: (@) the number or proportion of male workers,
(b) the number or proportion of female workers, (¢) the age group in
which the workers fall, (d) numbers or proportions of workers in different
marital status types, (e) total or average earnings of workers, (f) total or
average number of persons depending on workers.
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There are also a number of other population characteristics for which
the data can be the basis. For example, (a) the age distribution (i.e. the
number or proportion of workers, having eaeh of the different ages, or
falling within age groups like 20.24, 25-29), (i) the association between
sex and earnings, (i) the association between age and earnings, (iv) the
extent of variation in earnings from worker to worker.

If the 1,215 observations constituting the data are related to all the
workers in a faetory and if the data were eolleeted for purposes concerning
the factory only, the 1,215 individuals form a finite population and the
series forms population data.

A subset of rows in the series seleeted in some speeified way would
forin sample data.

Supposing that, for the purposc of a sociological study, the 1,215
observations were made on workers drawn from various faetories belonging
to various industries and at diflerent. times, to represent the industrial
working elass in general (including industrial workers of the recent past,
of the present and those yet to come in the near future), then the entire
data or a part of it may be regarded as forming a sample from an infinite
population.

4. Types of statistical data

Statistical data can be elassified from various points of view and data
may be called by different names aceording to the classification criterion.
Thus when data are eollected first hand by original observation, as in a
special investigation iike census or sample survey, they will be called primary
data; and when data for a purpose are collected by subsequent observation
on the results of a previous observation, as in selecting information from
published statistics, they will be ealled secondary data.

Some other classifications are listed below:

Criterion

1) Coverage with respect to
individuals

2) Type of characteristic

3) Number of characteristics

Classes
Population data; Sample data
Attributes data; Variables data
(Qualitative data; Quantitative data)

Single eharaeteristic data;
Multiple characteristic data
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4) Number of variables

5} Type of individual

Univariate data; Bivariate data:
Multivariate data.

Time series (also called chronological
or historical data); Geographieal
data; Other data.

Training on Topic 1.4

5. Lectures and discassions

(1) Presentation of contents of seetions 1 to 4 above.

(2)  Explanation of the basic eoncepts with seleeted examples.

(3) Presentation of examples of primary and secondary data and
other types of data.

6. Demonstrarion

Example:

Introduction to characteristics of individual, sample and population.
The apparatus required is the following: A elosed box containing 300
spherical beads, all of the same size. The beads are so made that () 60
of them are of one colour (pink) and the other 240 are of another colour
(white) (b) No black dots appear on 110 of them, and 1, 2, or 3 black
dots appear on each of the rest to give the following frequencies:

Number of dots

o .. .. ..
)
2 . L.

Number of beads
Ce e e e e 110
e e e e e 100
300

and (¢) on each of the beads one of the following values is written: 2.1,
22. 23, 24, 2.5, giving the following frequencies:

Value
21 .. .. ..
22 .. .. ..
24 .. .. ..
25 .. ..

Number of beads

e e e e 200
e e e e 10
200

The 300 beads constitute a population. There are three characteristics
speeified on the individual bead namely, (1) colour, (2) number of dots
and (3) value. Three of tie population eharacteristics, corresponding
respectively to these individual eharacteristies are: (1) proportion of pink
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beads, (2) average number of dots per bead (or total number of dots).
(3) average value per bead (or total of valuesj. (In this case the above
population characteristics are already known to be 020, 1.0 and 2.3
respectively.)

The bottom of the box is a sliding panel which has 16 depressions on
it to receive 16 beads. This panel can be taken out with 16 beads on
it, by pushing it out with another similar panel which will replace the former.

The demonstration is started with a brief description of the purpose.
but assuming that the population charaeteristics are not known. The beads
in the box are mixcd well and a sample of 16 beads are taken by sliding
the panel. Each of the 16 beads is observed for the three characteristics
and the results are systematically recorded for each bead. The sample
characteristic is calculated corresponding to each of the three population
characteristics. The fact that these are estimates of the population
characteristics is pointcd out.

Similar sample selection and calculations arc repeated 5 times, the
sample taken being returned to the box each time and contents mixed well.
Mutual differences in the sample estimates are pointed out and are explained
in relation to sampling error.

The actual population characteristics, known in this case, are then
disclosed and how far the sample characteristics deviate from the actual
values is discussed.

In order to show that the sampling error can be less if the sample
size¢ is increased, the demonstration may be repeated afresh with two draws
of the panel each time to give say 5 samples of size 32. The sample
characteristics in .these samples would in general be found to deviate from
the population characteristics to a lesser extent.

{Note that in this case that sets of 32 beads and not 16 beads are returned
to the box each time).

The demonstration will be followed up for the intermediate level
personnel at a later stage. (Demonstration 2 under Topic 1.8).

(In the absence of the above app- a tray to contain the beads may
be used and the required num’ beads selected one by one ‘blindly’
from different parts of the tray after mixing them well. Also instead of
the beads, small cards may be used.)

7.  Exercise

Example:  Acquaintance with statistical characteristics, statistical
individuals and statistical data.

(a) Indentifying the individuals and characteristics in given statements
about observation made and given sets of statistical data.
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(b) From statistical data consisting of three or four characteristics
(to include, attribute, count and measurement) observed on 5 individuals.
copying out sample data relating to all possible samples of size 2 in
which the same individual does not repeat. Simple calculations of population
and sample characteristics from the data.

8. Training material
Lecture notes. Exercise sheets. Specimens of different types of data.
(section 5 above). Demonstration apparatus (section 6 above).

TOPIC 1.5

Statistical operations

A statistical activity may have several phases involving many operations.
Its different phases, whether the activity is a special investigation or a
matter of routine compilation, are the following:

(1) Designing, (2) Data collection, (3) Data processing, (4)
Presentation of results, and (5) Utilization of results.

The amount of work involved in cach of these will depend on varivus
factors such as the number of individuals, the number of characteristics
and the extent to which data are subjected to analysis to arrive at population
characteristics. The statistical operations involved in these phases are
treated in detail in Courses 2 through 7. Only some basic notions are
provided below.

2.  Designing

This phase is concerned with tlie determination of the nature and size
of the activity and with prescribing the conduct of the activity through
successives stages and operations. The purpose of designing is to lay down
an efficient system of operations which will produce the results aimed at,
through the most economic utilization of resources. In designing, therefore,
a number of decisions will have to be made in respect of fixing the population
and individual characteristics, the individuals and the method of observation,
of the number of individuals to he observed, and of the programmes,
opcrational procedures. budgets and administration concerning the different
stages.

The various decisions arrived at during designing will be embodied in
N o] T o
the instruction manuals concerning the activity. In large scale work
particularly, instructions may be prepared for ecach stage separately.

3. Data collection

Broadly there are three methods of data collection, namely:
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(1) Ficld work. Trained ficld staff visit the spots where the individuals
arc located, and by adopting suitable mcthods of obscrvation (Topic 1.3.
section 2, (5)) information is coliccted on specially prepared data sheets.

12) Receiving statistical returns through transmitting agencies like the
post. Prescribed data sheets arc completed, by the individuals themsclves.
or on behalf of the individuals, and received by mail or otherwise.

(3) Sclecting information alrcady contained in administrative records.
non-statistical returns, or in published or unpublished statistics. The
information sclceted, is copicd on suitable data sheets.

In a particular statistical activity any one of the three methods or a
combination may be used.

In regard to the data sheet therc are two types: (a) the schedule or
form and {b) the questionnaire. These two names arc somctimes nsed
indiscriminately to mean data sheet. But a distinction is somctimes
maintained between the two. A schedule or form has generally a tabular
lay out and information will be rccorded on it according to the headings.
A questionnaire, applicable when the individual observed or the respondent
is a person, contains a serics of explicit and direct questions, and information
will be cntered on it by ‘checking’ the appropriate answer from among
alternatives provided, or in the form of worded answers to the questions.
Ordinarily one copy of the data shect will be used for cach individual
separalcly. But in some cascs, cspecially when a schedule or form with
a simple lay out is uscd, information relating to a number of individuals
may be accommodated on onc copy of the data sheet. A data sheet may
run to many pages, depending on the number of characteristics to be
observed. In some cases, certain portions of the same data sheet may be
of the schedule or form type and other portions of the questiomnaire type.

4. Data processing

Data processing consists of thosc operations involved in producing
statistics out of statistical data. In many cascs, it is concerned with the
aggregation of characteristics observed on individuals to obtain sub-popula-
tion or population characteristics.

The first step in data processing is scrutiny of data sheets with regard
to their acceptability and taking action to rectify any defects found. The
next step is the arrangement of data. Sorting of the data sheets, in an
order different from that in which they arc available, will be often neeessary.
The classification will be according to some of the characteristics or other
information rccorded on the data sheets.  After data sheets have been sorted
into suitable classes, the information on the data sheets will be transferred
to working sheets. Further grouping of data and classification according
to morc than onc characteristic may be done wherever possible to make
the data more handy, without loss of information. Incidentally, some
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qualitative information will also be converted into numerical form. A
further stage of processing will be the aggregation of data, by working
out on computation sheets summary statistics, such as subtotals and totals,
proportions, percentages, and indices which stand for broader characteristics
of the population or sub-populations. If the data are based on sampling,
measures of sampling error will also be computed.

Equipment like punched card machines and electronic computers may
be used in large scale work, for carrying out those items of data processing
which follow the scrutiny of data. For using punched card machines it
is necessary to transfer the information contained in data sheets to cards
of a special type, by punching holes at appropriate positions on the cards.
Before transferring information to punched cards, information on the data
sheets may have to be converted to appropriate codes.

S.  Presentation of results

This stage of statistical activity deals with the rendering of the results
of data processing in a form which will be found suitable for users of
statistics. The different types of presentation of statistics are: (1) Tabular
presentation, in which statistics are neatly arranged in columns and rows
under suitable headings. (2) Graphic presentation, which provides a
geometrical representation of numerical information and (3) Textual
presentation, in which numerical information is presented together with
detailed word descrip!”~ns.

The results oi special investigations are suitably presented and put
together, usuaily in the form of a report. Statistics compiled as a routine
are usually presented in tabular form, sometimes accompanied by charts,
and made available as reference tables with brief descriptions about their
background. Statistics which are of some importance and which will have
many current and future uses are printed and published, unless they are
confidential.

6. Uulization of results

This phase of statistical activity is concerned with drawing conclusions
and making interpretations on the basis of statistical results. Statistics
produced and presented by an agency are not always in a form most suited
for making decisions and framing policies by another agency. The report
m a special investigation, such as a census or sample survey, would contain
necessary statistical information together with conclusions and interpretations
that will serve the particular purpose for which the investigation was
conducted. But even the results of such investigations may sooner or later
be utilized for purposes other than those for which they were conducted.
Besides, statistics compiled as a routine from administrative records or
from published sources, particularly by governments, international agencies
and trade associations, are general purpose statistics whose current and
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future uses are almost unlimited. The treatment such statistics receive will
differ according to the purpose for which they have to be utilized. The
nature and method of reaching conclusions and undertaking interpretations
will to a great extent depend on the type of decisions and actions which
are to be based on them. Thus the methods of utilization of statistics for
routine administrativc control are different from those for planning for
deveiopment. The imain problems in utilization of statistical results are (a)
selection of appropriate statistics for the purpose specified, (b) examination
of the statistics as regards adequacy, (c) subjecting the statistics to analysis
by using efficient methods and (d) drawing conclusions and making
interpretations which will result in valid decisions being made.

Training on Topic 1.5
7. Lectures and discussions
(1) Presentation of contents of sections 1 to 6 above.

(2) Familiarization with the details of statistical operations, with
respect to selected statistical activities.

8. Demonstration

Details of statistical operations. The purpose of this demonstration is
to provide an overall picture of various stages and operations involved in
a statistical activity. Instead of presenting different aspects of stalistical
work chosen from several activities, better results can be achieved by
confining attention to the different aspects of a single activity although it
may not be e:haustive of the variety of statistical work. Even so, it will
be necessary to choose at least two activities; one, a special investigation;
the other, a compilation of a particular type of routine statistics. The
demonstration will accordingly consist of two parts, corresponding to the
two types of activity.

Two such activities should be selected and as much material as possible
giving information through the different stages of work, obtained in advance.
Copies of the material, whenever possible, should be made available to
each trainee for reference during the demonstration. They will naturally
include the basic records, if any, from which data are extracted, the data
sheets, the sampling design, if any, survey calendar, if any, the instruction
manuals, field programme, if any, scrutiny programmes, punched card
designs, if any, tabulation and other processing programmes, progress charts,
presented or published results, and methods, if any, adopted for utilizing
the results for specific purposes.

The demonstration, under each part, will consist of an explanation of
the various steps taken, starting from the population characteristics aimed
at and ending with the final statistical results. Apart from acquainting
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the trainees with the different details of work, it should also be the purpose
of the demonstration to let them know how budgets, data sheets, insiruction
manuals, punched cards, card designs, code lists, tabulated and charted
results, published reports and published statistics look like.

9. Training material

Lecture notes.  Specimen lists of statistical operations giving details of
operations (section 7 above). Demonstration material (section 8 above.)

TOPIC 1.6

Elementary statistical methods—1

1. Arrangement of data

The organization of statistical data, as an initial step in the process
of evolving statistics out of statistical data, involves some principles. Data,
whether large scale or small scale, arc made available in an order largely
determined by the collection and scrutiny methods. Time series and some
other such data may be already in an order suitable for subsequent analysis;
but in many other cases, the data will have to be suitably assembled. If
they involve only one characteristic, the assembling process is relatively
simple. In that case, the data may be ordered according to the magnitude
of the characteristic values, or the distinct alternate forms of the characteristic
may be ordered and the number of individuals possessing these alternate
forms counted and shown against cach. Four short data series, each
involving only one characteristic, are given below for illustration.

derses 1 Series 1l Series 111 Series 1V
Power : . g Typre of
vowh | smed G [l Mg Newme o me T
Jan. 43.7 A 1.7 1. 3 a credit
Feb. 125 B 3.2 2. 5 debit
Mar. 47.8 C. 5.6 3. 3 c. credit
D. 1.8 4. 7 d. credit
Apr. 49.6 E. 2.3 5. 2 ¢ credit
May 53.5 F. 4.1 6. 5 f. debit
Jun. 51.7 7. 3 £ credit
8. 4 h. debit
Jul. 50.8 9. 6 i credit
Aug. 51.6 10. 3 B credit
Sep. 49.3 11. 2 k. credit
12. ]
Oct. 52.6 13, 5
Nov. 55.4 14. 4

As regards arrangement of data, the first series may be left as it is, b.cause
it is already arranged according to the order of the month. The arrange-
ment of data that may be done on the other three series is shown below.
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Series 1 Series I Series 1V
Cit Population Number of Number of Type of Number of
4 (in million) members kouscholds transaction transactions
C 5.6 2 2 credit 8
F 4.1 3 4 debit 3
B 3.2 4 3 -—
E 2.3 5 3 ToraL: 11
D 1.8 6 1
A 1.7 7 1
Toran: 14

The arrangement in series II is according to the magnitude of the
characteristic values. If there had been two or more characteristics in the
data, ordering of the data as a whole according to magnitude could have
been donc with respect to only any one of the characteristics.

2. Frequency tables

The arrangement in the last two cases has resulted in a special type
of statistical tables called frequency tables. These tables incidentally achieve
some amount of condensation of the data, without losing relevant information.
When the characteristic is an attribute, as in- the last of the four series
above, an additional achievement is quantitizing qualitative data.

When there are two characteristics (attribute and/or variable), two
separate one-way frequency tables, or a single two-way frequency table
can be prepared. The latter arrangement is more informative. For
illustration, a short series of two characteristic date is considered below.

Number
of living
roors

Duwelling Tenancy status code
wntt (owned: 1, rented: 2, others: 3)

w

-3
T PO DN B v DN DD e B s DD W e
B Lo N W N e N WU W

The corvesponding one-way frequency tables (¢) and (b) and two-way
frequency table (c) are shown below.




ERIC

Aruitoxt provided by Eic:

1.6 Elementary statistical methods—1

() (b)
Tenancy starus Number of duelling Tenancy statns Number of Number ol‘
unne lhiving rooms  dwelling units

owned 4 owned 2 5
rented 10 rented 3 g

other | other
5 1
Toran: 15 Toran: 15

()

Number of dwelling units

Number of lizing rooms: 2 3 4 H Total

Tenancy status

owned . . .., .. - 2 1 1 4
rented . . . . 4 . 5 4 | - 10
other .. .. .. - - 1 - 1

Toral 5 6 3 | 15

In the three arrangements, the information in (a) and (b) is contained
in (c); besides, (c) provides some further information which can lead to
answering questions like: Do dwelling units occupied on a rented basis
contain a lesser number of living rooms?

When the data consist of more than two characteristics, it is still
possible to have a two-way frequency table, each way being furiher
sub-classified with respect to additional characteristics, or a series of two-
way tables arranged in order, so as to result in a multiple two-way
classification table. In many types of analysis of data, characteristics are
taken out either singly or in pairs for analysis.

3. Construction of frequency tables

The preparation of a frequency table essentially consists of () picking
out the distinct alternate forms of the characteristic(s) from the data series
and arranging them in some suitable order and (b) finding out and entering
the frequencies in the appropriate cells governed by the alternate forms.

(1) Number of classes. Since one of the purposes in forming a
frequency table is condensation of data, the size of the table is important.
When the characteristic involved in an attribute, ordinarily there will be
only a few alternate forms for the characteristic and all of them will be
represented on the frequency table; only in rare cases will a grouping into
fewer classes be possible. Also when the characteristic is a discrete variable
it may be possible to represent all the distinct values of the variable; but
in many situations a grouping into classes will be found necessary to
reduce the length of the frequency distribution. If the characteristic is a
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continuous variable capable of giving rise to a large number of different
values, the grouping the values into a suitable set of clas.3s is almost
unavoidable.

No hard-and-fast rule can he given about the number of classes that a
frequency table should have. Too few classes may suppress information
and too many classes may be unnccessary and lead to undue gaps and
irregularities in the frequencies. The regularity with which frequencies
will be distributed is one of the determining factors. In general, fewer
than 6 or 8 classes and more than 16 classes should rarely be used.

(2)  Selecting class limits: When the characteristic is a variable,
the mid-value of cach class is used to represent the class. In choosing
class limits, therefore attention may be paid to the fact that the mid-values
should, as far as possible, coincide with values around which data tend
to be concentrated. For couvenience in computation and charting, it is
desirable that the class intervals are equal. It may not. however, be
practicable to have uniform class intervals, in respect of all data.

(a) Discrete variable: If the characteristic in question, is number
of passengers arriving at a place by bus per day, and if many of the
values show concentration at multiples of 25, the class intervals may be
choscn as 38.62, 53-87, 83-112 and so forth with mid-values 50, 75, 100
and so on. If the concentrations are few and far apart, the choice may
not be so simple. Approximate and, if nccessary, unequal class intervals
may then have to be chosen.

(b) Continuous variable: In choosing class limits for a continuous
variable there are two main considerations: i) the continuity of classes will
have to be maintained and i) it should be possible to assign each value of
the characteristic in the data to its corresponding cell, in a manuer consistent
with the method adopted for rounding the value. Thus, for instance, if the
characteristic is weight and its values appearing in the data have been
corrected to the nearest kilogram, resulting in values such as 47, 63, 52, 56
and so forth, and if a class interval of 4 kilograms has been chosen,. class
limits such as 41-44, 45.48, 4952 and so on, will be selected having
mid-values 42.5, 46.5, 50.5 and so on. While these class limits will create no
difficulty in the construction of the frequency table from the data, for the
sake of clarity about the continuous nature of the variable, the class limits
may be instead written as 40.5-44.5, 44.5-48.5, 48.5-52.5 and so on, making
note of the fact that overlapping of class limits does not mean overlapping
of values in the data.

When, however, the values of the variable are rounded in a different
way, suitable adjustments are necessary. Thus for example, if the data
consist of values of age last birthday and not age nearest birthday, and
the class interval is 10 years, suitable class limits will be 0 and under 10,
10 and under 20, 20 and under 30 and so on.
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4. Graphic representation

Statistical results may be charted for the purpose of final presentation
or as an aid to further analysis of the rcsults. Some of the graphic
representations associated with frequency distributions are the bar diagram,
the “histogram, frequency polygon, frequency curve. ogive and the scatter
diagram. These are described in Topic 6.2.

Training on Topic 1.6
5. Lectures and discussions
(1) Presentation of contents of sections 1 to 4 above.

(2) Presentation of differciit types of one-way and lwo-way frequency
tables.

(3) Ilustration of construction of frcquency tables, with emphasis
on choice of class intervals,

(4) Ilustration of construction of simple charts associated with
frequency tables. and some of the uscs of these charts.

0. Exercises
Examples:

(1) (a) Preparation, by frequency plotting (tally marks), one-way
frequency tables from given single-characteristic serics, one each for: («)
attribute, (b) count and (¢) mcasurement. Each series given may ‘involve
about 100 individuals. 1n the case of measurement, the series will be such
as to require grouping of the characleristic into class intervals.

(b) Calculation of percentages from the frequency table hased on
attributes.

¢) For the measurement data, plotting the histogram and ogive, and
p ] D D
using the ogive to find the median and other fractiles.

(2) (a) Preparation, of two-way frequency lables from multiple
characteristic series. A data serics will be given relating to about 50
individuals on each of which thrce characteristics, (one attribute and two
variables) have been observed. Four separate two-way frequcncy tables
will be prepared by frequency plotting, the first three corresponding to
the three combinations of the characteristics taken two at a tim: and the
fourth representing all the three characteristics it a single two-way multiple
classification table (i.e. along one of the two ways, two of the characteristics
will be shown by sub-classification).

(b) Plotting the scatter diagram for two of the characteristics from
the original series.
7. Training material

Lecture notes. ILxercise sheets.  Specimen frequency tables and charts
(section 5 above).
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TOPIC 1.7

Elementary statistical methods—2

1. The aggregation of characteristics observed on individuals will be
performed with respect to all the individuals either in a finite population
or in a sample. The result of such aggregation may be a total of counts
both when the characteristic observed on the individual is an attribute or
a count. The result may be a total of measurement values when the
individual characteristic is a non-count variable. All these totals will be
meaningful as population characteristics when the aggregation is over a
finite population. But when the aggregation is over a sample, the sample
characteristics are more meaningfully expressed on the basis of ‘standards of
reference’ such as a per-individual, per-hundred or per-thousand individuals
basis. Accordingly, a sample characteristic derived from attributes will be
expressed as a proportion, percentage or rate; a sample characteristic
derived from counts or non-count variable values will be expressed as an
average, or as some other per-individual value.

2. Univariate data

In the analysis of data relating tc one variable, some of the
characteristics that are commonly used are: 1) mean, 2) median, 3)
mode, 4) range, and 5) standard deviation. These may be either sample
characteristics or population characteristics. The square of the standard
deviation is called variance, especially when il is a population characteristic.

The mean, median ard mode are characteristics either expressed as
a per-individual value or chosen as a typical value of the individual
characteristic.

The mean of a set of values is the arithmetic average. Thus the mean

of the values, 3. 4, 8, 9, 8, 4, 2, 3 is ——%1— =5.125.

The median of a set of values is the middle value obtained after the
set of values have been arranged in ascending or descending order of
magnitude. Thus the median of the values 4, 7, 4, 3, 6, 5, 4, 5, 9 is 5,
obtained after arranging the values as follows: 3, 4, 4, 4,5,5,6, 7,09,

and the median of the values 4, 7, 2, 3, 5, 2, 6 is 5:4 = 4.5, obtained

after arranging the values as follows: 2, 2, 3, 4, 55, 6, 7.

The mode in a set of values is that value which occurs most often.
Thus ths mode among the values 5, 4, 12, 7, 5, 6, 5, 12. 10, 4, 5, 3 is
found to he 5.
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The range and standard deviation do not typify the individual
characteristic, but are characteristics standing for the variation between
individual characteristic values,

The range of a set of values is the difference between the largest value
and the smallest value in the set. Thus the range of the values 12, 7,
53,215 6,8 is 15—2=13.

The standard deviation of a set of values is obtained as follows: the
mean of the values is first ealculated; the difference (deviation) fromn the
mean, of each value is taken; each such devialion is squared; the mean
of the squares is then found out; the square root of this mean is the
standard deviation. (The standard deviation is sometimes called the “root
mean square deviation”, which is indicative of the inethod of calculation).
Thus the standard deviation of the values 5, 3, 4, 6, 5, 2, 3 (of which

28

the mean is o= 4) is

/1-_- F(D® F 0F F 28 + 1 F(-2)¢ & (:1)i_—h /l = 1.309.
! 7

v T

\

The nature of information conveyed by characteristics like the range
and standard deviation ean be seen from the following. The two sets of
values 7, 10, 8, 11 and 9, 10, 9, 8 have the same mean, namely 9. (In
this example, they have the same median also which again happens to be
equal to the mean). But the variation among the values (dispersion of
the values) is different in the two sets. The variability as measured by
the range is 4 for the first set and 2 for the seeond; and as measured by
the standard deviation 1.58 and 0.71 respectively.

The weighted mean: In caleulating the mean of the values 5, 6, 5,
2,0, 5, 5,0, instead of adding them and dividing by 8, the required mean
can be obtained as the mean of 5, 6 and 2 each weighted by its respective
frequency of repetition, namely, 4, 3 and 1, as follows:

4X54+-3X64+1%2 40 s

44341 )

The mean of the 5 values 3, 3, 5, 2, 7 is 4 and the mean of the 6
values 2, 4, 3, 3, 5, 1, is 3. From these two means, the mean of the
combined set of 11 values can be obtained as the weighted mean of the
two means as follows:

5X4-4-6X3 38
X4+6X = — = 3.45.
5--6 11
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In a group of 150 people, the proportion of males is 048 and in
another group of 250 people the proportion of males is 0.51. The
proportion of males in the combined group of 400 people is given by the
weighted mean of the two proportions, as follows:

150 X 0.48 - 250 X 0.51
150 -I- 250 -

0.50.

3.  Index numbers

Index numbers are figures, generally expressed as percentages, calculated
for purposes of comparison of similar magnitudes, sueh as the price level
over different periods of time or different localities.

If the produetion of a commodity was 53 thousand units in January
and 60 thousand units in February and 61 thousand units in March, the

. 60 61 . .
ratios ——and -gs—are index numbers of production for February and March
with January as the base for comparison. In other words, if the index

for January is 100, the index for February is—g-g—x 100 == 112 and the

index for March is % X 100 = 115. In his example, the magnitudes

relating to one commodity or item are only compared. In many situations,
the magnitudes for comparison may be composite and based on magnitudes
relating to many commodities or items.

Example:
Price in dollars
. /] 1
o o By 0 aA
1950 .. .. .. 0.14 0.86 75
1962 ... .... 0.12 0.78 83

Monthly family expenditure may be considered as the magnitude for
comparison and the three items may be considered as its main components.
In such a case, one of many alternative procedures may be adopted. Some
of the alternatives are shown below:

(1) Index number as ratio of simple totals:
The simple totals are:

1950: 76.00
1962: 83.90

Index numbers (1950 as base) :
1950: 100

.
1962: 220 < 100 = 110
76.00
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(2) Index number as simple arithmetic mean of ratios (called

relatives in this context).
The respective relatives are:

Rice
1950: 100

0.12
1962: —— X 100 = 85.7
0.1 X

Cloth
1950: 100
0.78

1962: -5 s¢ 100 = 907
RS ‘

House rent

1950: 100

1962:—%;‘_ X 100 = 110.7
{

Index numbers (1950 as base):

1950: 100

1069 857+ 90: +107 _ o

(Instead of the arithmetic mean of relatives, it is also the practice to
use the geometric mean which has some good properties in respect of index
numbers. The geometric mean of n values is the nth root of the product

of the n values).

The index numbers in the two cases above have the weakness that the
relative weights with which the three items enter into the main magnitude
are not taken into account. Suppose that 26.5 kilograms of rice and
7.2 metres of cloth are the quantities consumed in a month per family.
For the sake of simplicity, let these values be applicable for 1950 as well

as 1962. Then, weighted index numbers may be constructed.

(3) Index numbers as ratios of weighted totals:
The weighted totals are:
1950: 26.5 X 0.14 4- 7.2 X 0.86 - 1 X 75 = 84.90
1962: 265 X 0.1f 4+ 7.2 X 0.78 4 1 X 83 = 91.80
Index numbers (1950 as base):

1950: 100

91.80
1962: 72-— X 100 = 108
84.90 X
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(4) Index number as weighted arithinetiv mean of relatives:

Supposing that the 1962 values (i.e. price X quantity) are used as
weights in this case, the values are:

House
Rice Cloth rent
26.5 X 0.12 7.2 X 0.78 1 X 83
Index numbers (1950 as base):
1950: 100
Jogp, 265X 012 X 857 4 7.2 X 078 X 907+
- 26.5 3 0.12 -4 7.2 X 0.78 -+~
}oX 83 3 1107 =9969.99 100
1 %X 83 91.80 — ’

(Instead of the weighted arithmetic mean of r.latives, it is also the
practice to use the weighted geometric mean. In that case, weights will
be applied to the logarithms of the relatives.)

4. Mecan and standard deviation from a frequency distribution

Calculation of the mean and standard deviation of a variable charac-
teristic may be done from a frequency table, if the data have already been
arranged in one. These are obtained by calculating the mean and standard
ceviation of the alternate forms of the variable as represented on the
frequency table, making provision for the frequency of repetition of the
alternate forms. In other words, in obtaining the means (of the valves
or squares of the values, of the variable) the weighted means should ba
taken, the weights being the respective frequencies. It is casily scen that
weighted means obtained by using the frequeneies as weights is the same
as weighted totals using the rclative frequencies as weights. Thinking in
terms of relative frequencics is more appropriate when the means and
standard deviations refer to the population. In caleulating the mean and
standard deviation from a frequency table with class intervals, the mid-points
of the classes will represent the alternate formns,

5. Moving averages

The method of moving averages consists in obtaining from a given
series of values a new series in which each value is the mean of a number
(always the sameé wnumber) of valucs in the original seiies. The method
is particularly useful in smoothing cut short term fluctuaticns in time series.
The calculation of a 5-point moving average series is shown below.
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Percentize Sars o} fise Morine
1,
Vonih :_I,(f;v;,’,z;:l rlucs arerays
Aprit . .., . .. 25 . .
May 3.3
June ., . 1.0 1.1
July . .. 4.7 4.6
August 6,0 20.5 4.7
September . 5.0 230 4.6
October . . ., 3.6 233 52
November . . . 3.7 230 5.6
December 7.8 26.1 55
January 7.7 27.8 5.4
February . . . 4.7 275 5.3
March 3.0 26.9 4.1 .
April 3.2 26.4 3.3
May . 2.1 20.7 25
June . .. 3.3 16.3 .
July .1 12.7 .

Training on Topic 1.7
6. Lectures and discussions
(1) Presentation of contents of section 1 to 5 above.

(2) TIllustration of calculation of summary figures from data.
(Synibols and formulae and use of ealculating machines may be
avoided under this topic. They will be introduced in Topic 5.2).

(3) Iilustration of calculation of simple index numbers and moving
avcrages from data (without use of formulae and machines).

7. Exercises
Examples:

(1) Calculation of mean, mode, median, range and standard deviation
from univariate data in ungrouped form. Two different sets will he
calculated from two separate serics each consisting of about 20 or 15
observations. (Ilint to be given in simplifying calculations by changing
the origin and/or scale of the variable values).

(2) (a) Calculation of mean and standard deviation from given
frequency table. The calculation will be done twice, first by using
frequencies as weights and next by calculating relative frequencies and
using them as weights (Hint to be given regarding change of origin
and scale).

() Calculation of simple index numbers.

(c) Calculation of moving averages of specified length, from
a given scries.

8. Treining material ’

Lecture notes. Exercise sheets.
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TOPIC 1.8

Elementary statistical methods—3
(for intermediate level only)

1. Probability

The role of probability theory in statisties, is in relation to sampling.
If a figure is chosen at random from the figures 1 to 100, the probability

of the figure having 7 as its last digit is -—16- The probability is known

in this ease. beeause the eomposition of the set of items from whieh the
item is chosen at random is knewn., Knowing the probability of a result

to be L does not, Lowever, mean that if 10 atte.apts are made, the result

will (lehm!el) oeeur onee. 'Ilms. whereas there will be exaetly 10 figures
ending in 7 if all the fizurcs 1 to 100 are taken together, if a hundred
suceessive randomn seleetions are made from the set of figures 1 to 100.

the number of figures ending in 7 may not be exaetly 10; nor, if this is
done two hundred times, will the number surely be exactly 20. But as

the number of repetitions increases, the ratio -1 will be ‘approached more

and wmore elosely’. Probabilities are the best available means for making
statements aboul results surrounded by uneertainty; and their \a!nllh
increases with inerezse in the number of ¢ exposures’ for the result to oecur.

Probability is expressed as a numerieal value in the range 0 to 1,
0 standing for eomplete uneertainty and 1 for complete certainty. The
prol)ablln cs of a full sst of exelusive alternate results add up to 1. There
arc some ruies useful in ~aleulating probabilitics, knowledge of whieh will
also be required in dealing with sample The first is the addition rule
of probability whielt states that, if there are some alternate cesults whieh
arc mutually exelusive (i.e. they cannot happen together), the probability
of any one of the results oeeurring, is the sum of the separate probabilities
of the results. Thus, if a figure is being chosen at random from the
figures 1 to 100, the pro])a])ilily of a ﬁ"ure \\hieh is even (i.e. ending

. . oy ..l -
in0,2 4,6, or 8) is—+ - U + 10 + 10 + 2or the probability
of a figure whieh is enher even or ending in 5. is ~+— —-g— . But it

will not be eorreet to say that the elmnee of ehoosm" eithel an even

number or a multiple of 5 is -;}- .“‘ beeause the twn results overlap

(i.e. they are not mutually exelusive). The probability of this result will be

-'-l—-l m where -11—0 is the probability of an even nuinber being also

a mulhp'e of 5.

The sccond rule is the multiplication rule which applies to results
occurring independently. Results are said to be independent if the oecurrenee
of any one among the results does not alter the probability of oecurrenee

L B
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of the other results. The multiplication rule states that the probability of
a specific result repcating independently or diffcrent results occurring
indcpendently in a particular sequence, is the product of the probabilities
of separate occurrenccs. Thus, if the probability of a man aged 55 vcars

surviving 10 vears is %— and of a woman aged 50 years surviving 10 years

1

is —?—, the probability that both will survive 10 vcars is % ¥ ;— = 3

If three figures are selected at random, each time independently, from the
fignres 1 to 100, the probability that all the three figures cnd in 9 is

i% P4 Tl% % I]Gz ﬁ) If three figures are selected at random, each
time independently, from the figures 1 to 100, the probability that the first

figurc ends in 3, the second in 7 and the third in 8 is 116 X 1'6 X 1—]0— =
13]6(_)-' The multiplication rule is easily modified to suit dependent results,
by considering conditional probabilities. The multiplication rule for
dependent cvents states that the probability of both of two results occurring
is the unconditional probability of the first result multiplied by the
conditional probability of thc sccond. If, in the random selection from
figures 1 to 100, the figure chosen in the first selection is excluded in the
second selection, then the results of the two selections are not independent.
The probability of obtaining figures ending in 6 in both the selections, is

given by T16X§% =-11W and the probability of obtaining a figure ending
in 6 in the first selection and a figure ending in 7 in the second selection is

1%)( %—8 = gl()' The multiplication rule for dependent events may also
be used to find the value of conditional probability. Thus in the random

selection from figures 1 to 100, the probability of obtairing a multiple
of 5, under the condition of its being even, is given by %— divided by
S0 1

100 — 5~
2. Population and sample

The individuals in any population, finite or infinite, will fall into
different exclusive classes corresponding to the different alternate forms
which the individual chavacteristic can take. Accordingly, there will be
a distinct proportion (relative frequency) of individnals in the population,
associated with each class. Such a proportion associated with a particular
class is itself the probability that an individual selected from the population
will belong to that class, if during selection each individual had the same
chance of being selected. The above probabilities will serve as a means
to determine population characteristics from individual characteristics.
Thus, with respect to the attribute employment, the individuais may fall
into the three classes: fully employed, partially employed and unemployed.
The population characteristics in this case will be the proportion of persons
in these classes. With respect to the variable houschold size, the different
classes will be determined by the different values of the variable, namely.




50 Course 1. Principles and methods of statistics

1, 2, 3,...up to a certain number. Two ‘of the useful population
characteristics in this case will be the mean and standard deviation of the
variable obtainable on the basis of the proportions (the relative frequencies)
of individuals in the different classes. The same applies to a continuous
variable like income, in which case the different classes will he determined
by suitable class intervals.

v

The above characteristics will not be known for the population, unless
the characteristic is observed on all the individuals in the population
(possible only in a finite population). A random sample consisting of
observations of the characteristic on a number of individuals, leads to a
frequency table and provides estimaics of the relative frequencies in the
population and therefore estimates of the population characteristics. In
the case of an individual characteristic which is a variable, the population
characteristics may also bc estimated from the sample characteristics
calculated without forming a frequency table.

3.  Standard errors

In using a sample characteristic to cstimate a population characteristic,
sampling error is unavoidable. This can be seen from the fact that estimates
based on two different samples from the same population may not be
identical. It is therefore necessary to give, along with a sample estimate,
an indication of the sampling error. It is not possible to give the exact
value of the error because the population characteristic is not known.
However, it is possiblc to give a statistical ‘measure’ of this error. Onc
such measure of sampling error associated with a sample characteristic is the
standard error of the sample characteristic. The population characteristic
can be expected, with very high probability, to be with a margin of twice
the standard error on either side of the sample characteristic. The magnitude
of the standard error will depend on the sample size, and can he reduced
by increasing the sample size. The formulae for calculating the standard

errors of the sample mean and the sample proportion are \/_s.. and
n

/-I-)-—-“n_—-'l)- respectively where s and p are estimates of the standard

Vv
deviation and proportion in the population respectively. These formulac
are applicable to the situation when the sample is an unrestricted random
sample (equal probability sclection) either from an infinite population, or
from a finite population with replacement of the individual selected each
time. When thc sample is from a finite population of size N and selected
witl replacement, each of the abovc formulae may be multiplied by the

N=n
factor vV N=I

Training on Topic 1.8
4. Lectures and discussions
Q (1) Presentation of contents of sections 1 to 3 above.
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(2)  Consideration of simple problems requiring the use of addition
and multiplication rules of probability.

(3) Introducing the concept of a probability distribution of a variable
and uses of the concept.

(4) Introducing the concept of a sampling distribution and uses of
the concept.

-

5.  Demonstrations
Examples:

(1) The meaning of probability. This demonstration is intended to
clarify ideas about probability of a result and show its importance in
sampling by simulation of sample results through coin tossing, die throwing
and playing card selection experiments. The face turning up when a coin
is tossed, the figure appearing on top when a die is thrown, or the symbol
or nunber on a card selected from a shuflled pack of cards is a characteristic
which can take alternate forms. Each toss, throw, or selection is equivalent
to selecting an individual at random from a population. Tosses, throws
or selections would thus constitute random samples.

In experiments with the coin, die or cards, the probability of a particular
result (equivalent to a specific alternate form of the characteristic) is
known beforehand, at least approximately, if not precisely due to the coin or
die being biased. Experiments will be conducted during the demonstration
to illustrate the following:

(a) Probabilities are ‘approached more and more closely’ with niore
and more trials (or selections).

(b) 'The meaning of dependent and independent results of trials.

(c) The meanings of the results to which the addition and multiplica-
tion rules of probability, including conditional probability, are
applicable. .

(d) It is possible to visualize a new population constituted by the
totality of samples, (sampling distribution). This population may
be studied in order to judge the reliability of a sample charac-
teristic obtained in a sample.

(2) The meaning of standard error. This demonstration will consist
of two parts (a) presentation of frequency distributions corresponding to
sampling distribution and (b) verification of formulae for standard error
of the mean.

For the first part, a number of samples (at least 50 samples each of size
16) should be drawn, using the apparatus described in the demonstration
under Topic 1.4. These samples will give 1ise to 50 sample characteristics
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of each of the three types (i.e. 1. sanple proportion. 2. average nuinber
of dots and 3. average of valuc). From these, three frequency tables
should be prepared. The results should be made ready before the
demonstration.

The three frequency tables will be presented at the demonstration and
how they were prepared will be explained. The fact that these frequency
tables are tables relating to a sample of samnple characteristics and that
they correspond to the sampling distribution (i.c. the relative frequency
distribution representing the population of samples and not the population
of the original individuals) should be clearly explained. Further, it should
be made clear that the standard deviation of the sample characteristic in
the population of samples can be used to measure the reiiability of a sample
characteristic calculated from a sample. This standard deviation cannot be
numnerically evaluated unless the population of original individuals, or the
population of samples is completely observed; and so it will have to be
estimated. (This standard deviation is sometimes referred to as the standard
error of the samnple characteristic. But it is more correct to call its estimate
standard error).

The second part of the demonstration will be to verify the formulae
for standard error of the mean with the help of a very small finite population,
and exhausting all samples, so that the sampling distribution will be actually
knéwn. This is done by taking a finite population of size 4 and samples
of size 2 from it.

The characteristic values of the 4 individuals in the population may,
for example, be taken as 2, 3, 5, 2.)

All the 6 samples corresponding to sampling without replacement and the
16 samples corresponding to sampling with replacement will be enumerated.
In each of the two cases, the sampling distribution of the mean will be
prepared, and the standard deviation in that distribution calculated and
compared with that given by the respective formula (i.e. the formula for
standard error of the mean, in which the value of s will be taken as the
standard deviation in the population of original individuals and not the
sample estimate). (The necessary comnputations may be got ready before
the demonstration is made).

6. Exercises
Examples:

(1) (a) Working out simple probability problems utilizing the
addition and multiplication rules of probability, including conditional
probability.

(b) Calculation of population mean and standard deviation
(expectation and variance) from simple numerically expressed probability
distributions.
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(2)  Fnumerating all possiblc samples (equally likely cases) of size 2
from a finite population of size 5, with respect to one variable characteristic,
corresponding to the two cases: (a) sampling without replaccment (10
samples possible in all) and (b) sampling with replacement (25 samnples
possible in all) and verification of the formula for standard deviation of
the mean appiicable to cach of the two cases.

(Only simple values of characteristics in the population should be given,
such as 4, 3. 2, 3, 5.)

7. Training material

Lecture notes. Exercise sheets. Demonstration material (section 5
above).

TOPIC 1.9

Qualities of good statistics

L. A number of decisions arc made and a scries of operations gone
through before statistics of any type are finally obtained. There are thus
scveral possibilities of crrors being made which can affect the quality of
statistics and invalidate them partially or fully. Precautions and controls
are, for this reason, exercised at all stages of statistical work. In spite
of this there may be still some limitations beyond control. Such limitations,
thercfore, go with the statistics and are pointed out, whenever known, for
the guidance of users.

Some of the criteria by which the quality of a given set of statistics
can be judged are: (a) the accuracy of the figures, (b) validity of differcut
characteristics as measures of the concepts they are intended to measure,
(c) uniformity with respect to time reference or other qualifications of the
characteristics, (d) completeness with respect to coverage of the entire
population or sample.

The different types of errors over which control may be cxercised arc:
errors due to faulty concepts and definitions, errors due to faulty selection
of individuals, observational errors, processing errors, presentation and
publication errors and errors due to faulty overall designing,

2. Concepts and definitions

Standard concepts and definitions are necessary not only to ensure
adequacy and uniformity within the same set of statistics but also for
comparability between different sets of statistics of the same type. It is
necessary to settle beforchand questions like: whether personal income
should include income from all sources or only salaries and wages; whether
an unemployed peison means only one who has vegistered with the
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employment exchange or not; whether a hotel or military barracks is to
be treated as a dwelling unit or not; whether a concept like health should
be measured by the characteristics death rate and disease rate only or by
some others also; whether investinent statistics should relate to the business
year or the calendar vear.

3. Selection of individuals

The coverage with respect to the individuals should be complete, free
from omissions, repetitions, and inclusion of extraneous individuals. For
example, omissions and unnccessary inclusions can take place when a list
of individuals which is not up to date, is used. Repetitions of families
can occur when families are selected with the help of a list of wage earners.
Sometimes a whole class of individuals may get omitted, as for instance.
in giving statistics of growth of trade only statistics of growth of export
may be included and not these of internal trade.

When sampling is used, the vopulation will be properly covered only if
the sample is a representative one. A biased sample wiil lead to misleading
statistics. Examples:

(i) After a census of human population is made, the data sheets
relating to the members of each family are separately bundled with that
of the head of the family on top. If from such bundles a sample of sheets
is selected by picking out every fifth sheet starting from the top, it will
be found that the sample contains a very high proportion of sheets relating
to malcs, because the head of the family is usually a male and the size of
a family is often close to ‘ive.

(i) A sample that is representative of a population with respect to
the characteristic ‘economic status’ may not be representative with respect
to the characteristic ‘religious affiliation’.

A sample too small in size may not also give rise to reliable statistics.

4. Method of observation

The most efficient method of observation that is possible in a given
situation should be used, in order to ensure good quality statistics;
measurements ...} counting are efficient methods; when they are not possible,
interviews and personal judgment may have to be resorted to. In making
measurements, errors can occur in several ways such as by: using non-
standard instruments, failure to define and conform to units of measurement,
not using the full accuracy attainable with the instruments given, introducing
personal biases in making reading and rounding off values. Answers based
on interviews can be seriously affected by factors such as: who asks the
question, or how it is asked, or for what purpose it is asked. Considerable
accuracy in personal judgment can be attained with skilled staff.
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5. Processing

Adequate checks should be provided for controlling processing errors
such as errors in copying and in computation. In some computational
procedures built-in checks may be provided. But in general, at least an
independent sample check will be necessary. In some cases, it will be worth
while to duplicate the processing work independently. When punched card
machines are uscd, the punching is verified often completely and suitable
checks are introduced in subsequent work.

Processing errors can accur wlso due to lack of appreciation of analytic
methods, as for instance in not providing for the weights in computing an
average of averages or an average of percentages, based on unequal numbers.

6. Presentation and publication

Statistics should be presented together with their full background.
indicating all known limitations and care exercised in avoiding inadequate
or misleading methods of presentation and fallacious interpretation of results,
besides copying and printing errors. Presentation of percentages, or
numbers without the appropriate ‘standards of reference’, failure to give
totals wherever possible, use of abnormal scales in charls meant for
comparison, and interpretations based on spurious association are some of
the features which can reduce the value of the statistics.

7. Designing

Faulty overall designing of statistical work can also result in reducing
the value of statistics considerably, as for example, if too long an interval
elapses between data collection and publication, or if the statistics made
available do not justify the cost incurred to obtain them.

Training on Topic 1.9
8. Lectures and discussions

(1) Presentation of contents of sections 1 to 7 above.

(2) Tlustration of differcnt factors affecting quality of statistics. with
the help of selected examples.

9.  Demonstration
Example:

The implications of measurement. 'This demonstration would bring out
the nature of inaccuracies that can influence measurements and point
out that increasing the precision of the measuring instrument and taking
precautions are essential for accuracy.
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The apparatus required for this purposc consists of a large board
painted in light colour and with black grid lines, drawn on its upper half
portion, as on graph paper, and a few wooden blocks, differeni in leagth
and thickness. There should be some arrangemcnt such as a pair of sliding
tight rubber bands to fix one block at a time in any position on the face
of the board. One of the blocks is fixed in the middle horizontal line
on the board such that only the edges away from the vision of the trainees
are in contact with the grid lines. The trainees (sitting in diffcrent positions
in the class facing the board) are asked to read and record the length of
the block in terms of the unit of the grid division, as accurately as possiblc.
The reading is repeated at least once and the mean is taken. The mean
measurement obtained by each trainee is posted in tabular form (on the
blackboard), broadly classified according to the sealing position of the
trainees. The process is repeated with another block which is different in
length and a third one which is different in thickness.

The results are compared. Considerable variations in the measurements
will be noticed. The variation will be due to a numbcer of reasons, such
as the seating position of the trainees. the unit of measurement, the thickness
and length of the blocks, errors in reading, method of rounding, other
personal errors and so on. The similarily of measurement to other forms
of observation and the need for precautions in making observalion, as also
the need for toleraling some unavoidable errors should be pointed out.

10. Training material

Lecture notes. Demonstration material (section 9 above).

as
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Course 2

DESIGNING A STATISTICAL INVESTIGATION

This course is intended for both the primary and intermediate levels.
The main purpose of the course is to provide a general acquaintance with
some principles of designing and to provide knowledge of the detailed items

of work involved in designing an investigation.

Although the subject of designing a routine compilation project would
form part of Course 4. and the present course is entirely on designing
special investigations, training gained in this course will have many aspects

that will be ueful in compilation work.

Training will be given through lectures. discussions, demonstrations

and exercises.

Course summary:

Number of hours proposed Jor instrutction

Topic . D -
Lcctire/ cmonss  peecise  Total
Discutssion tration
2.1 Principles of designing 6 1 4 14
2.2 Details of designing 8 2 2 12
Toru: 14 [ 6 26
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TOPIC 2.1

Principles of designing

L. Designing is necessary to ensure that the objectives of the statistical
activity are met with the optimum use of resources. Besides overall
designing, the different stages of work, such as data collection, data
processing and presentation and publication of resul:s, require designing.
There is, however, some difference between designing a statistical investiga-
tion and designing statistical activity concerned with routine compilation.
In the former, there is scope for full designing with a view to producing
statistics that will serve certain specified purposes; while, in the latter,
complete designing may not be possible as, for example, the nature and
coverage of information may have already been determined by the recorde
and other material for compilation.

2. Steps in designing

The total resources available for conducting the investigation Dheing
known, the first step in designing is to visualize the purposes which the
statistics, when obtained, will have to serve. It will then be possible to
resolve the requnirements into items of statistical information expressible as
population characteristics. The following alternatives are then examined as
means to obtain these characteristics: (1) abstracting statistics already
available in come form or other, (2) compiling from existing administrative
records, (3) collecting data first hand by calling for statistical returns, by
mail or otherwise and (4) collecting data first hand by field work. The
following considerations are then carefully made: (a) the workability of
each alternative, (b) the characteristics in terms of which information will
be required and entities to which these characteristics would relate, under
cach alternative, (¢) whether information on a sampling basis would suffice
or the entire population is to be covered, (d) the reliability of results
that each alternative will lead to, (e) the time and cost involved in each
alternative. On the basis of these considerations and keeping the resources
available in view, a choice of one of the alternatives or of a combination
is made. The subsequent stages of designing are as follows. Concepts
and definitions relating to the characteristics and individuals are settled
and suitable data sheets prepared. Procedures for data collection, data
processing, presentation and utilization of results and publication, are laid
down. Programme and organization of each stage of work are worked
ont and arrangement for the administration of the investigation made.
Instruction manuals relating to the different operations in investigation
are prepared.

3. Sampling

Sampling is a method of reducing the cost of an investigation without
proportionate loss in the accuracy of results. In large-scale work, therefore,
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sample surveys may be conducted instead of complete censuses. The
presence of sampling error in results based on sampling will not be a
serious factor in many cases; beeause, firstly, the sampling error can be
controlled within reasonable limits and secondly, even in a complete census,
some errors ealled non-sampling errors will exist. Non-sampling errors
occur due to various reasons and are difficult to control in a complete
census especially when the population is very large. Non-sampling errors
can occur also in sampling, but they can be more effectively controlled
in a sample. Accordingly, one of the important steps in designing an
investigation is to weigh the consequences of sampling against those in a
complete census and to deeide which method will ultimately be more
profitable.

For designing an investigation on a sampling basis, some prior
information about the characteristics is necessary. If this is not available.
a pilot investigation on a small seale will have to be eonducted.

Basic coneepts about sampling were given under Topie 1.4 and some
further ideas under Topic 1.8. For the theory of sampling to hold good,
it is necessary that the selection of individuals constituting the sample is
random. (Randomn seleetion is otherwise known as probability selection.
Seleciion which is not random is called purposive selection). The element
of randomuess will be present in most types of statistical samples. There
are, however, many variations of sampling, each having its own features
and suitability in a given situation. It is the proeedure of seleeting the
iadividuals that often determines the name of the sample type. There are
thus simple random sampling, cluster sampling, multistage sampling, stratified
sampling, systematic sampling and several other types (Demonstration 1
below). Methods and formulae-for calculating sample characteristics from
sample data will differ according to the type of sampling; so also the
calculation of measures of sampling error associated with the sample
characteristics wiil differ.

4. Designing data sheet

In designing a data sheet, several prineiples are involved. Some of
the requisites of a good sehedule or questionnaire are the following: (1)
It should be as short as possible. (2) Each topic and item or question
should be arranged in proper sequence with attention to the logical and
psychological flow of thought involved in answering questions. (3) Each
item or question should be clear allowing only a single interpretation.
(4) Ttems and questions should be capable of being easily interpreted.
(5) Questions shonld net be asked in a manner that will influence the
answers. (6)  Offending questions shonld be avoided. (7) Suflicient space
should be allowed on the data sheet for answers and subsequent totalling
and other ealculation and for coding. (8) The lay-out of the data sheet
shonld be such as to faeilitate work like sorting and tabulating. (9) Built-in
cheeks should be provided where possible.
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Designing the data sheet will have to be based on a list of charaeteristics
for observation, giving clear descriptivas of these <characteristics, the
population and the individuals laid down in conformity with selected
concepts and definitions. Careful consideration will have to be gien.
depending on the methods of data collection and sbservation to be adopred.
as to the arrangement of entry headings or questions and the manner in
which answers to questions and other entries will be made.

5. Cost s

.

Since one of the chicf aims in designing is eflicient utilization of
resources for obtaining statistical results, considerations of the costs involved
in the different operations and the overall cost are of great importance.
Thus, in designing it will be necessary to clioose between alternate procedures
for each stage of the investigation, after carefully weighing the possible
achievements of the procedures against the cost to be incurred. For example,
in a completc census, some maount of error in the results may be unavaidable
due to non-sampling crrors and the cost of conducting the census may
be large. In such a situation, it may be possible to conduct a sample
survey at a much lower cost which will produce rcsults within an allowable
margin of error. As another ¢.ample, since punched card methods involve
the use of different types of machines at high rental or price, it will not
be economical to adopt them for data proeessing unless the investigation is
on a large scale and therefore capable of continuously feeding the different
machines.

Training on Topic 2.1
0. Lectures and discussions

(1) Presentation of contents of sections 1 to 5 above.

(2) Familiarization, in a general way, with sampling schemes adopted
in selected investigations.

(3) Consideration of specimen data sheets, from the point of view

of details of their construction.

7. Demonstrations
Examples:

(1) Sample types and selection procedures. The purpose of the
demonstration will be only to show what each type of sampliiig means in
respect of the procedure for selecting the individuals. ,

‘The apparatus required is a tray containing 190 beads of equal size
of which 20 are of one colour (pink), 30 of another colour (blue) and
the other 50 of a third eolour (white). Ten small bexes each capable of

-4
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holding 10 or more beads are also required. Different types of sampling
will be shown assuming that in each ease a sample of a predetermined size
will be ehosen from the population of 100 beads. It may be assumed
that the charaeteristic of interest on each bead is its weight. Since the
beads are not labelled with serial numbers, it will not be convenient to
identify beads while in the tray, with random numbers scleeted from a
table of random numbers. One eonvenient way of selecting a simple random
sample in sueh a situation is first to seleet a suitable set of random numbers,
arrange them in serial order, then take out each wmit without pavirg
allention to any property of the unit, one by one out of the tray, eounting
serially and keeping aside those units which correspond to the seleeted
random numbers. This method of random selection may be adopted
throughout the demonstration. Sampling with replacement or without
replacement may be adopted. .

1) To seleet a simple random sample of size 20 from the population
of 100, twenty two-digited random numbers will be eopied out from random
number tables and arranged in aseending order. (00 being considered as
100). The 100 beads will be mixed in the tray and eounted cut one by
oune; those corresponding to the random numbers are then kept separately
from the rest.

2) For seleeting a systematic sample of size 5, with a random start,
one random number whielt is 20 or less will be first seleeted. Let it be 15.
Then, while the counting out is being done, the 15th, 35th, 55th, 75th and
95th beads will be kept separately to form the required sample.

3) To scleet a stratified sample, the stratifieation being according
to colour, of size 10, eonsisting of 3 beads from the pink, 3 from the blue
1 4 from the white stratum, the beads will be grouped aeeording to
eolour and cach eolour group will be treated as a snb-population from
which sub-samples of sizes 3, 3 and 4 respeetively will be chosen at randon.

4} To scleet eluster samples to give a total sample of size 20, the
beads will be mixed and 10 beads will be pnt into each of the 10 small
boxes. Two boxes will be seleeted at random, by counting out the boxes
this tinte. The 20 beads in the two boxes will form the sample.

5) To select a two-stage sample, (in which 2 first stage units and
from cach of those two units 5 second stage units are required, making
a total sample size 10), the beads will be mixed and distributed in the
10 boxes with none containing less than 5 units. Two hoxes will be first
selected at random and from within cach of the two boxes, 5 beads will
be similarly selected at random.
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(2) Sample versus complete census. Considerations of merits and
demerits of sampling as an alternative to a complete census can e
reduced to the following. Sampling involves less cost, a lesser degree of
non-sampling error, but some amount of sampling error is unavoidable.
A complete census is much costlier, is free of sampling error, but not
free from non-sampling crror. This situation allows the possibility that
in sampling, resuits subject to some margin of error can be obtained at
relatively low cost. Considering the total error in the results and the cost
to be incursed together, it is possible that sampling is, on the whole, more
advantageous than complete ceusus. It is also not impossible in certain
cases, depending on the nature of the non-sampling error that sampling
involves less cost and at the same time more accuracy than complete census.
These can be demonstrated by developing a tabular comparison of the
type shown below.  The following, which are taken for granted in the table,
should be first cxplained.

(1) The errors in question may be expressed as relative (percentage)
crrors,

t2) Sampling error decreases as sample size increases.

(3) Non-sampling error is negligible in very small samples and
increases as sample size increases.

(4) The total crror may be taken as the sum of sampling error and
non-sanipling error.

In the table below, the cost of the investigation is assumed to be a
constant multiple 0.5 of the number of individuals observed and the
population size is taken to be 25,000. (The figures used for the non-sampling
error values in the table are hypothetical and used only for the purpose of
illustration of possibilities; so the fact that non-sampling crrors cannot be
casily ealeulated will not be relevant to this demonstration. The point to
make is thut such crrors exist.)

Urior {Perceniaze)

Sample size Cost of inveiligazzr - —};;;n—‘“-—— - — —.\—_:”::’;r}m: 7:0:.11
2 10 70 0.01 70.01
0 20 50 0.03 55.03
un i 3¢ 6.10 3010
300 230 15 0.50 1550
2500 1250 7 1.,0 _850
5600 2500 3 2.00 .00
25000 (i.c. complete 12500 0 550 530
cehsus)
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Attention should be drawn to the total error in the two eases
corresponding to sample sizes 2500 and 5000 and eomparison made with
that for complete census. In the former case, results which are only a
little more in error than the eensus results are obtained at one tenth of the
cost. But in the second, even better results than in the eensus are scen,
the eost being only onc fifth.

8. Exercises

Examples:

(1) The use of random nuinber tables for simple random seleetion.
The diiferenee between sampling with replacement and without replacement
will be brought out; so also the need for suitable adjustments to reduee
the rejeetion of random numbers selected from the table. At least the four
cases typified by the following examples shonld be eovered: {a) selecting
a random sample of size 15. from a population of 1852 listed units, (b)
sclecting or: a map an area 1/10 kilometre 3 1,10 kilometre, at random.
from an irregular area falling within a rectangle 4 kilometres < 3 kilometres,
(c) seleeting with a random start every seventh of the houses in a street.
umnbered 1 to 78. (d) seleeting at random 5 houses from all the honses
in 6 streets coutaining 52, 17, 32, 48, 29 and 14 houses respeetively.

(2)  Arrangement of given sets of eharacteristies into sections of
data shects; and giving neeessary indications of the manuer of filling in
cach itemn.

9. Traintng material
&

Leeture notes.  Exereise sheets.  Sampling sehemes of seleeted investi-
zations. Specimen data sheets. Demonstration material (sec. on 6).

TOPIC 2.2

Details of designing

. The desiguing of an investigation requires the working out of several
techuical and administrative details. ‘These details will be based on
deeisions taken about the different methods and operations to be adopted
in the investizgation. Many of the decisions will be taken in aecordanee
with an overall view sand the details will be co-ordinated into an effieient
system. The details would vary in nature f-om investigation to investigation.
Broadly they may be ~onsidered under the following heads.

2. Formulation of objectives

A simple and elzar statement of the objeetives will be helpful to avoid
the objectives being lost sight of in the eomplexity of details of designing
and making decisions at varianre with the objectives. Before the purpose




64 Course 2. Designing a statistical investigation

of the investigation can be translated in terms of the statistics required,
discussions with persons or agencies who initiated the investigation will
be often necessary to clarify various issues. This will help to clear up
vagueness and to arrive at decisions with regard to need, scope and coverage
of the information, as also the sources, methods, cost and time required for
obtaining the information. Sometimes it may be desirable to obtain
additional information indirectly related to the objectives, at marginal cost.
The objectives may aiso specify whether the investization will be an isolated
one or periodically repeated.

3. Administrative preparation

(1) Budgeting: Inorder to arrive at the total cost of the investigation
and to discover what cxpenditures will be required according to a time
schedule, it will be necessary to work out cost estimates for as detailed
a breakdown as possible. Thus, for example, detailed cost estimates will
be required, classified broadly under: (a) salaries, rent, equipment, material,
travel and other heads, (b) the different stages of the investigation such
as organization, designing. data collection, data processing, presentation and
publication, (¢) different periods in the time schedule. Cost estimates and
budgets provisionally prepared may have to be revised in the light of
experience and from the point of view of optimum allocation of resources.

(2) Organization: Necessary adniinistrative arrangements for con-
trolling, co-ordinating aud supporting the various activities concerning the
investization may be set up cither by fixing responsibility on one or more
existing offices or by establishing a scparate office. Designing in this
context will be concerned with, defining the functions of the administrative
vnits and individuals, allocation of staff, equipment and material, and
drawing up time schedules. The preparation of organization charts and
an investigation calendar will facilitate administratisn.

(3) Legal provision: Consideration should be given as to whether
adequate legal provision exists for the investigation. If not, it should be
secured as an enactment. decree, excentive order or the like, so as to achieve
the ends in view withont incurring hostility or non-cooperation. The
responsibilities and bindings on the stafl in respect of the legal provision
should be made clear to all concerned.

(4)  Publicity: Tor conducting investigations the success of which
depends on co-operation from respondents or the general public, proper
publicity must be given to the investigation, nientioning the purpose, the
nced for co-operation, the safcgnards established to protect personal and
public intercsts and the manner in which co-operation can be extended.
Preparation of publicity material and arrangements for communicating it
through pamphlets, newspapers or the radio will be an important aspect of
designing.  Publicity material and the arrangements for using it will have
to be prepared in the light of prevailing conditions.  Thus urban and rural
areas may require separate treatment.
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(5) Personnel: The personnel requirements for various items of work
involved in the investigation will have to be laid down in terms of the
nunber of persons needed und their qualifications for eligibility. Reeruit-
ment of stafl may require issuing invitations for applications and conducting
sclection tests.  Training of staff for different types of duty, particularly
for field work, proccssing and the like will nced special organization.

(6) Equipment and facilitic: The different items of equipment.
material and facilities required for the investigation will have to be listed
and procurcd. Plans for their location, distribution and control will have
to be prepared. The cquipment should include instruments and machines
for operations such as data colleetion and processing and transport vehieles.

. Technical preparation

(1) Concepts and definitions: The designing activitics under this
head should include first the preparation of a list of concepts concerning
the characteristics and cntitics to be covered by the investigation and then the
provision of clear definitions of:  (a) the population and iis charueteristies:
(b) the individuals and their characteristics; and, if sampling is adopted,
(¢) the sumpling units, which may or may not be diffecrent from the
individual.

The concepis and definitions may be laid down in conformity with
national or international standards or may be specially prepared to suit
the particular investigation. Special attention must be given to cnsurc that
the characteristics scleeted arc valid and most appropriate for measuring
the concepts, that the coverage with respeet to the individuals is complcte
and that time rcferences and units of mcasurcment are, where necessary,
clearly specified in the concepts and definitions.

In some cascs, as in Dbulk material, a sclf-detcrmined or intcgral
individual or sampling unit may not be availuble. The appropriate ‘sizc’
of the individual or wunit will then have to bc scparatcly determined
beforchand on the basis of past experience or pilot data.

It is nceessary to verify that all the data covered by the lists prepared
arc relevant to the purpose of the investigation and that no essential data
are omitled.

(2) Data collection: Depending on the souwrces from which the
information will be colleeted, the mature of information and facilities
available. the method and details of data colleetion to be adopted will be
laid down. The characteristies to be observed will then be considered
individually or in sets, with regard to the methods of obscrvatiz i to be used.
Adeguate information and material will thus be available for preparing
the data sheet and instructions for data collection. When the data sheet
and instruetions have been prepared, a ‘try-out’ of the data sheet may be
made, cspeeially when field work is involved, using scleeted staff as well
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o as those staff who arc later to collect the data for the investigation. The
} data sheet and instructions will be finalized after the try-out.

(3) Selection of individuals: A complete and up-to-date frmme of
mnits will be necessary in many investigations to enable the selection and
location of individuals for observation. Lists of individuals, households,
villages or towns, maps of rural areas, town plans and aerial photographs
can serve as frames. Frames may be constructed, if they arc not already
available. from records or by carrving out field work. If sampling is
adopted, a selection of sampling units is made from the frame in the
manner required by the type of sampling adopted, and a list of sample
units prepared. In some siluations. it may not be possible to prepare a
frame. Iu that case special sciection procedures will have to be prescribed.

L

(4) Tabulation: The determination of the layout and content of the
final tables to be obtained as a result of processing the data is an important
item to be carried out at the designing stage itself so as to ensure that the
data collected will definitely lead to resulls consistent with the objecives of
the investigation.

(5) Control of quality: To ensure the quality of results. checks may
be introduced at various stages of the operations. For controlling the
quality of data collection, methods such as inter-penetrating samples and
post-cnumeration checks may he used. If the mail enquiry method is
adopted. the procedure fer ‘el back’ should be formulated in order to
get information from non-response cases. In processing work, checks of
different types for detecting nmnerical errors may be introduced.

for imparting training
operations will be an

T (6) Training: Preparation of training manuals and other material

on principles and techniques involved in the various
important item in designing, especially when new

stafl is reevuitcd or when a new investigation is undertaken.

(7) Instructions:

Apait from

different stages of the investigation,
review of the different operations

operation.

Schiemes will have to be

any time-schedules prepared .for the
it will be necessary to make a full
and procedural details under cach
prepared for each operation and the

stafl instructed as to how to carry out each item of work under the
operation. The instructions should be complete as regards the background
knowledge required, techniques to be adopted, methods of using instruments
and other cquipment, precautions to be taken and administrative rules to
be followed. Separate instruction manuals may be prepared for different
operations such as field work, compiletion from records, scrutiny and
cditing of data shects, computation, tabulation, charting and publication.
Instruction manuals may also contain maierial for rcference, such as concepts
and definitions, classifications. code lists, spccimen administrative forms,
table of random mimbers and conversion tables.
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Training on Topic 2.2

Lectures and discussions

13

(1) Presentation of contents of sections 1 to 4 above.

(2) Consideration of the results of designing activities with reference
to a selected investigation.

6. Demonstration
Example:

Details of designing. While, in the demonstration under Topic 1.5,
attention was confined to operations under a single investigation, in this
one, all aspects of designing should be covered and therefore material and
information relating to more than one investigation may be necessary. Both
administrative and technical details of designing should be dealt with by
presenting selected results of designing. The material presented and
distributed to trainees should include, specimens of different types of:
budgets, survey calendars, publicity material, training schemes, lists of
equipment used, schedules, questionnaires, instruction manuals, scrutiny
plans, processing plans, computation plans and presentation plans. Inform-
ation about different types of legal provisions, publicity arrangements,
agencies responsible. for the conduct of the investigations, administrative
organization, sampling schemes, data collection methods, processing methods
and publication arrangements, should also be provided.

7. Exercise

Example: Preparation of .cheme of tables that can result from
information collected on copies of a given data sheet. The data sheet
should be brief. The trainees need indicate only the classification and
contents scheme of the table and not prepare the full blank forms for each
table proposed.

8. Training material

Lecture notes. Exercise sheet. Copies of the design of a selected
investigation. Demonstration material (section 6).
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Course 3

DATA COLLECTION BY FIELD WORK

This course is for trainees at the primary level and the intermediate
level.  Its purpose is firstly to create an awareness about the qualities that
a field worker should possess, then to provide somc background knowledge
on somc items that may be found useful in field work relating to agricultural,
industrial and other socio-economic invesligations, and finally taking the

trainees through the diffcrent items of field work.

1

Training will be given through lecturcs, discussions, demonstrations,
exercises and visits. One of the useful modes of training under this course
will be lo make the trainees watch details of different items of field work

being demonstrated by instructors and by professional field staff.

Course summary:

Number of hours proposed jor instruction

Topic
Lecture/ Demons- gy ciee  Visiy Totul
Discussion nation
3.0 Ficld workers
requirements 6 2 4 - 12
3.2 Ficd procedure. 10 6 8 4 28
ToraL: 16 8 12 4 40

ERIC
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TOPIC 3.1

Field -werkers’ requirements

L. [eld work may be done either as the chief means for collection of
primary data or to supplement other methods of data collection, as for
instance to obtain information from non-response cases in a mail enquiry
or to fill up gaps in data compiled from administrative records.

In data collection by field work, trained stafl visit the spots where the
individuals arc located, and make the observation. Any type of data sheet
and any method of observation may have to be used. The individuals
observed may be persous, houscholds, industrial establishiments, farns, points
or lines or areas on land, markets, traffic junctions, industrial products.
animals, fish, trecs, fruits. portions of snlid or liquid or gas, periods of
time or other entitics. The observation may be aided by instruments for
measuring, counting or recording or by other equipment. In some cases
the instiuments used may be automatic or self-registering.

The reliability of statistics obtained fiom data collected by field work
will depend on the accuracy of execution of field work. Indifferently
collected data will be subject to biases and other errors and the resulting
statistics may be grossly misleading.

2. General requirements

The field worker will almost invariably have to carry out his activities
away from his office or headquarters. Ile will be provided with detailed
instructions regarding concepts, definitions and procedures concerning the
data collection besides the necessary instruments and other equipment. He
should be able to fully understand and act according to the instructions
and to make efficient use of the given equipment. He should take the
opportuuity to clarify all doubts and questions at the time of training and
pilot work. Tn the collection of accurate data within the prescribed time
schedule. his other cquipment is his own knowledge and personal qualities
such as clearness of understanding. sense of accuracy, frecdom from biases.
neatucss in handwriting and number work, ability to take precautions, tact.
resourcefulness, patience, honesty. Also he should have good health and
be alert and active,

3.  Knowledge requirements

There are several items of knowledge that would help in the execution
of field work and contribute towards the quality of data collected. They
differ according to the field of operation. So also the depth of knowledge
required depend on whether the work is one of primary data collection or
one of organization and supervision of field work. Some of the special
items of knowledge useful for a field worker who may be called upon to

perform duties in different types of statistical investigations are given below.
O
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(1) Important aspects of the geography of the area concerned—
administrative divisions, their boundaries; location of towns and their
importance; general aspects of climate; location of mountains and forests;
courses of rivers; railway routes; location of railway stations, seaports and
airports; natural resources, crops, industries, industrial organizations,
industrial projects.

(2) Travel and postal information—rates and rules prevalent in the
area concerned.

(3) Administrative structure, including village administration within
the country, executive officers and their functions.

(4) Weights and measures, systems and conversion from one system
to another.

(5) Concepts and definitions generally adopted in statistics, such as
those felating to: household, family, household income, individual occupation,
individual income, earned income, gainful activity, labour force; public
sector, private sector, joint stock company, co-operative society, fixed capital,
working capital, input, output, hired labour, exchange labour, household
labour, agricultural labour, repair and maintenance, wages and salaries,
capital formation; small scale industries, large scale industries; land owned,
land leased in, land leased out, land possessed, fallow land, gross area
under crops, net area under crops, area sown, area harvested, area irrigated,
mixed crops; producers’ price, consumers’ price, wholesale price, retail price,
harvest price.

(6) Sources of lists of villages or rural areas, lists of households,
lists of holdings, lists of blocks in towns, village or rural maps and
town maps.

(7) Elements of geometry leading to understandin, ° -~ales of maps,
measurement of distances and areas on maps, compass directions, elevations
and gradients of land. Also familiarity with standard symbols used in
maps, such as those for railway stations, roads, shrines, schools.

(8) Use and care of instruments such as weighing balances, stop-
watches, counters, planimeters.

Training on Topic 3.1
4. Lectures and Jiscussions

(1) Presentation of contents of sections 1 to 3 above.

(2) Consideration of specimen lists of duties of field workers, relating
to selected statistical investigations.

(3) Instruction on items, selected from section 3 above, according to
the needs of trainees attending the course.
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5. Demonstration
4

Example:

Interpretation of instructions for field work. The purpose of this
demonstration is to give a general introduction to the problems in field
: work. For this demonstration, a typical but brief set of instruetions for
field work together with the corresponding data sheet will be chosen. Copies
of the instruetions and data sheet will be made available to each trainee
in advance of the demonstration, for study.

The background of the investigation will be briefly described. The
instruetions will be discussed, and all aspects of work will be explained
indicating procedures involved in arriving at each entry in the data sheet,
to ensure that the instructions have been so well grasped by the trainees
that they will be able to do the field work themselves.

6. Exercises

(1) (a) Copying maps, on reduced scale, involving use of symbols,
and measuring the area of a bounded region of the map (using planimeter
or transparent graph paper).

Examples: ‘ ’ ‘
|
(b) Preparation of lists for guidance in field work (persons, «‘
households or establishments). |

(¢) Preparation of sketch maps for guidance in field work.

(2) (a) Fixing, at random and systematieally, points, lines and areas
on maps.

(b) On a picture map of partially cultivated land, in which
shading is preferably used to indicate crop, fixing points, lines and areas
and using them to estimate the proportions of area under crop by (a)
counting number of points, (b) measuring intercepts of lines and (c)
measuring areas, falling in the portion under crop (shaded).

7. Training material

Lecture notes. Exereise Sheets. Specimen lists of duties of field
workers. Copies of selected instruetions for field work and copies of
corresponding data sheets required for demonstration (section 5). Maps,
picture maps and other material required, depending on exercises set

o (section 6).

LRIC
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TOPIC 3.2

Field procedures

1. Mainly, the ilems of work that will have to be performed by field
staff are the following:

(1) Loeating and idenlifying individuals, (2) Listing units, (3)
Selecting individuals. () Making the observation. (5) Checking reeorded
information. (6) Relurning completed data sheels.

Eaeh of these ilems is briefly deseribed below, giving some general
voints for guidance of field staff in eaeh case.
] 8

For any particular investigation, the instruetions will lay down the
different coneepls, definitions and procedures involved, together with detailed
guidance regarding each aspect of field work. A prerequisite Lo field work
is a careful and detailed study of the instruetions and oblaining necessary
clarvification before leaving for the field.

2. Locating and identifving individuals

This is an essential step before making observation. The individuals
may be located in spaee, as for example: houses, faetories, villages, or
loeated in time as for example: time periods coneerning vehieular traffic
aeross a poinl or amount of fish unloaded at a landing eentre. Loealing
and identifying each individual may be done with the help of a set of
definitions, a list, or a map which will give the neeessary indieations. In
some cases, even after loealing a spot with the help of the list or majp, a
further selection of the individual will have to be made by the field worker
in a manner laid down in the instruetions. Lrcating and identifying units
or individuals will also be neecssary if the field worker is to collect
information first for preparing a list or a map. For that purpose a
systemalie procedure using all available information will have to be adopted.
In all cases, the field worker should be able to recognize the individual or
unit unambiguously and physically identify it in the field of operation.
For example, he should have a clear idea with regard to the distinetion
between a house and a household. between a radio owrer and a radio
listener, belween working hows and other hours and so on. He should
be able to identify on the ground the boundary of an area given on the
map with the help of landmarks, and similarly he should be able to trace
on the map the physieal houndary of a given area seen on the ground such
as a cluster of ficlds or a block of houses.

Clear definitions about lime intervals or other units for observation,
lists, sketeh maps showing boundaries of fields, loeation of dwellings and
the like, notes regarding dislanees, direetions and other indicalions, and
plaus regarding mode and time of travel, prepared in advanee, would
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faeilitate the correet loeation and identifieation of units and individuals for
¥ observation. In rural areas, the loeal knowledge of inhabitants may be of
greal help in identifying boundarics of villages and ficlds.

3. Listing units

When a list of units or individuals is not already available and eamnot
be made from sources like reeords and registers, it will have to be prepared
as a result of field work. Such a list may be required for providing a
frame for sclecting sample units or as an aid to the field worker in loeating .
and identifying units at the tinie of observation.

In preparing sueh lists, care should be taken that no gaps are left in
them anywhere. When an existing list has to be brought up to date, a
systemalie verifieation of caeh unit is ncecssary. The extension of town
boundarics or construetion of new houses often renders house lists out of
date. Tn preparing a list of manufacturing establishments, for instanee,
care should be taken to include new cstablishments and omit inoperalive
ones. Eligibility of doubtful wunits should be verified, as for example,
whether a strueture is a house or nol. Items in the list shonld preferably
be ordered according to the route taken while preparing the lst. with
indications of the direction of the route.

4. Selecting individuals

In many investigations, the selection of units will have already been
made at the designing stage, but sometimes the field worker may have
to seleet the individual for observation after reaching the spot of obscrvation;
for example, he may have to ehoose one of two halves of a patel of crop
to be harvested, or every fifth dwelling unit in a streel, with a random starl.
Where units are to be seleeted at random, the sclection will have to be
made by iossing eoins or diee or nsing random number tables. Random
scleetion is not haphazard selection, “nt a well defined objective procedure.

If for any reason it is not possible lo observe a seleeted unit, substitution
should not be made unless a vrocedure for substitution is given in the
instruction or without obtaining speeifie instructions from supervisory staff.
Skill in field work lies in obtaining information from all seleeted unils,
exeept when it is physieally impossible to do so, as when a seleeted household
has left station permanently.

5. Making observation

Observation may be made by mcasurement or eounting or eye-estimation
and personal judgement or by taking answers based on interviews. Where
observation involves meastremeii, the units of measurement or the aceuraey '
laid down in the instruetions should be maintained. If local units of
measurement are employed, they should be eonverted to the standard units
at the appropriate stage. Use of loeal equipment for measurement sueh as
B K
|
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balances and weights should normally be avoided and the field worker
should be carrying a kit containing instruments and other equipment.
Measurement and counting are most desirable forins of observation, from
the accuracy point of view, but occasionally observation may have to be
made by eye estimation: or personal judgement, for example, estimation
of the numb. of sheep in a flack or the proportion of erop area in a field.

When the observation involves interview with a respondent, the worker
should approach with due respect for the respondent, and not in exercise
of any ofiicial powers that he may have. He may produce his credentials
and explain the objective of his visit in a language which the respondent
should appreciate, and indicate, if necessary, that the information given will
remain confidential. Knowledge of local conditions and customs is a great
advantage in ereating the right atmosphere. The time chosen for the
inmerview is equally important. Interviewing has often to be done in the
evening hours. The questions asked should not be of a leading character.
They should be asked strictly in the order in which they appear in the
data sheet unless separate instructions have been given. In making questions
and in obtaining answers, attention to wording is important, for instance,
in a question or answer regarding the work done by a person, attention
should be paid ta the reference period mentioned (day, week, or month).

In entering the results of obsucvation on the data sheet, special attention
should be given to instructions regarding the use of standard symbols for
answering yes:no type of questions, abbreviations such as kg, em., Lr.,
when to write with pencil and when with ink, when to fill the data sheet
in the field itself, and when to fill it later and so on, so as to ensure uniform
entries by different field workers.

6. Checking recorded information

Errors can oceur at the time of observation in several ways. At the
time of recording each entry and after each section of the data sheet has
been filled, a double check will always be useful. The field worker may
sometimes have to make more than one visit to the place of observation
either for making repeated observations or for a purpose like thanking
and bidding farewell to respondents. He should take such opporianities
to confirm the accuraey of or correct the data previously collected. In
any case, the ehecking has to be done while the field staff is still in the
field. In some data sheets, there will be provision for making cross-checks.
This will enable the mutual consistency of the reecorded information to be
verified; for example, information on size of holdings, land utilization,
number of ploughs and cattle possessed should be mutually consistent.
Sometimes data sheets are filled in after some auxiliary notes have been
made. The entries in such notes and any ~alculations made in them or
in the data sheets should also be checked.
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1. Returning completed data shecets

The data sheets duly filled and checked for completeness. dated and
signed. should be despatched to the controlling office with the minimum of
delay. together with information sheets such as diaries of work and travel.
Discicpancies noted at the controlling office will be referred back to field
staff for verification,

Training on Topic 3.2
8. Lectures and discussions

(1) Presentation of the contents of sections 1 to T above.

(21 Consideration in detail of the different items of field work
(section 1) in a particular statistical investigation suitably selected.

9. Demonstretions
Examples:

(1) Interviewing respondents.  The purpose of this demonstration is
to acquaint the traince with the ait of interviewing respondents. The first
part of the demonstration will consist of enabling the trainee to listen to
sclected interviews being made. This may be done by plaving recorded
tapes corresponding to a given questionnaire. Four different types of
interviews may be demonstrated (1) with the head of a household (male).
(2) with the housewife. (3) with a farmer, and (1) at an industrial or
commetcial establishment.

Whether recorded tapes are available and played or not, the trainees
should be given the experience of actually doing the interviews themselves.
The directed role-playing method should be adopted for the purpose.

The trainees will take turns in playing the part of the investigator
and of the respondent.  As this is a time-consuming process, .xtra lime
may have to be allowed for this demonstration. Further practice in
interviewing should however be left to be gained from doing the exercise
(Example 4 below).

(2)  Locating and identifying units. This demonstration will be held
in the field and precede the exercise on the subject (Example 1 below).
The trainees will he taken out for field work, if necessary, in batches under
different instructors. They will be shown how units are to be located and
identified on the basis of definitions and a list or a map. Necessary lists
and original or sketch maps and plans for reaching the units showld be
prepared beforehand.  Location and identification of unmits like dwelling '
units, establishments or farms on the basis of lists and units like fields, on
the basis of maps should be covered. Selection of the individual for
o observation, by a random or other process, after locating a unit should

>
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aizo be included. Snch individnals may be persons. points. lines or arcas
vt land or a section of bulk material. This demesstration should also
inclnde the identification on maps. units shown on the ground, identification
of different crops {including mixed crops) and trees, and the preparation
of sketch maps carrving information for later work.

i3)  Making obscreation in theficld. This demonstration will be held
in the ficld and precede the corresponding exercise Example 2 below).
The mizthod of ficld obscrvation by interview is covered in Dewonstration
U shove.  This demonstration wiil include the other types of observation in
the field. In practice. ficld work will often involve measurements using
instruments. such as measuring the length of corn ears, weight of grain,
weight of fish or other food stuff, or determination of crop vield in a
geometrically defined “cut’ or paich of crop. Reasonably adequate demons-
trations of such nieasurements can be given in the classroom or during
visits.  This demonstration shonld give preference to approximations to
measurements sich as cye-vstimation of weights and determination of lengths
hy counting steps.  The items that should be illustrated during the ficld
demonstration inclnde: i) estimation of total area wnder crop. i#1 proportion
of area under crop. i) vield rate of crop, ir) distance between two fand
marke. 1 distance along a road, ¢i) weights of objccts. vii) volumes of
liguids.

10, Exercises

All the exercises under this topic will be ontdoor exercises, carried out
in the field and may follow corresponding demonstrations. .

Examples:

(1) fa) Identification on ground. units such as plots of land and
dwelling units. shown on map.

th) Identification on map, units shown on the ground.
tc) Jdentification of crops and trees shown.

{d)  Preparation of sketch maps containing information collected
during field work.

12) (a} Locating specified points, lines and areas on ground.

(b)  Estimation of: £) total arca under crop in a farm or a field,
ii) proportion of arca under crop in a farm or field. iii) yicld rate of crop
in a ficld and iv) yicld rate of crop in a demarcated patch of ¢-op.

(¢) Estimation of: i) distances between land marks, i) distances
between points along a road, #ii) weights of objects, iv) volumes of liquids.

(d) Estimation of a characteristic relating to bulk material
(examples: #) impurity in coal or sand, if) yield of fruit on a tree by
sclecting at random the wnit for observation, after successive dichotomies.
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{When eve estiviations are to be made. a number of trainees shouid
. be given the same objecls for estimation and provision made for
comparison of estimations by different trainees, whenever possible with

actnal measurementsi,

(3)  Listing of all dwelling units in a portion of a villaze or a street.
with full identification details, and selecting a stated fravtion of houses.
{1 systematically with a randem start. and i) at randon.

(1 Fillinz in by field work at least 3 copies of a siven data sheet.
N The data sheet shoukl be one requiring the interviewing of respondents.

11. Fisits

(1) A field organization engazed in socie-cconomic emiries. invol-

ving visits 1o honscholds and interviewing respoudents. or an orzanization
engaged in collecting data from establishments by field work,

(2) A field organization engaged in coliecting agricultural  data.

Preference may be given to a place where crop-culling or a similar
measurement type of observation is eondueted.
12. Training material
Lecture notes.  Exercise sheets. Deseriptive accomt of field work in
-

a partieular investigation (section 8 above). Demonstration materiai
(section 9 abover. Exercise material (seetion 10 above).
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Course 4

DATA COLLECTION FROM RECORDS

This course is intended for botli the levels, primary and intermediate.
The purpose of the course is to familiarize the trainces with problems of
rontine compilation of statisties and to provide knowledge about the details,
principles and methods involved in the production of statistics of zood
quality from mformation contained in administrative documents or routine

slatistical returns or published or other statistics already available.

Training will be given through lectures, discussions, demonstrations and
e . s . -

exercises. To the extent possible, the material for compilation and

compilation schemes referred to or used for illustration during training should

iclate to the statistical offices where the trainees will work after training.

Course sununary:

Number of hours proposed for iustructoe

Topic ; y
! . - » ypr
i e Demonsn ation Evercise Towl
Iserzssion
41 Material for
compilation G 2 2 10
4.2 Compilation
wehemes 6 2 | 12
Toraw: 12 4 6 22

'Q
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TOPIC 4.1

Material for compilation

1. Data collected from records may conszist of information available
publications, data gzathered from administrative reeords and data from routine
statistical returns,  Such data form the basis of most statistics compiled
as a roline.  The information will often have to be transferred o snitably
prepared data sheets belore the necessary staiisties can be produced.  This
tape of data collection presents some pmbluu: different from those of data
collection by a specially desizned investization.  The difference maduly lies
in the fact that the scope and coverage of the information are ahnost fully
determined by the records from which information is extracted.  There
will. however. be no appreciable differences as regards methods of proeessing
the data and presentation of the resnlts. Since statisties compilel as a
routine are used for purposes which would in their abzence have been
served by statistics produced by cpuml investigations. speeizl treatment of
the former will be necessary both i respect of theiv compilation and their
utilization,

2. Importance

Statistics of a wide range and vaviety can be compiled from data
taken from returns, registers and other reeords prepared in the course of
administration, and from publications. A major part of the slalistics
produced by governments, private and public concerns, husiness associations
and international organizations is based on data taken from internal
external. statistical or non-statistical records.  Such statistics are mostly
compiled as a" routine and are intended to serve variovs current and future
purposes.

An important feature of collecting data from recerds is that the cost of

aollccllou can be considerably lower than in the case of special investigation

s the data are obtained as by-products of administration or as <u,on(|.n)
:l.lll:llc_.

Seme of the records. besides providing data 1o produce statistics,
furnish the frames vecessary for conducting special statistical investigations.
. (™ o=

Govermments. publie bodies and many other organizations keep various
types of 1ccords containing valuable statistical inforination, some of which
may not have been wtilized to producee statistics.  Thus there will often he
the possibility of making increased use of records for producing much
needed statisties at low cost.

There is also the possibility of producing niore and better slatistics
by making suitable modifications in existing systems of records.
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S Types of material

Two important types of administrative records from which data are
extracted for compiling statisties are: i) documents maintained. veceived
or issued on a regulatory basis, such as regishiations, applications. permits
and licenses and (i7) records relating to internal activitics of institutions
such as progress reports and expenditure statements. Fxamples of the
furmer type are: birth and death registers. business licenses, labour returns.
tax returns, custems deelarations.  Examples of the second type are: public
revemte and expenditure statemeats, emploviment e.\:clmnge records, business
records of firme. operating records of social insnrances, public corporations
and government enterprises.

Another important source of material for compilation is statistical
tetmns submitted by different organizations to larger bodies. The larger
bodies assemble the statistics eontained in such retmns and make them
available in a consolidated form after standardizing them os far as possible.
Examples of statistical returns of this type are those relating to production.
sales. employment, ete., sent by individual firms to business assor wions or
those sent by provincial government offices to regional or central offices or
by national zovernments to international ageneics.

Yet another source of matcrial for compiling statistics comprises
publications by individual authors, private or public institutions, governments
ard international bodies.

4. Limitetions and imprevement of quality

Since most of the records yielding material for compilation, have
primarily to serve purposes other than producing statistics, there are likely
to be limitations in the material, from the statistical point of view. Thus.
for instancc. concepts and classifications followed in the records may be
different from those most desirable for statistical purposes. Figures of the
same type from one source may differ in definitions, classifications, units
of measurement, accuracy and so on, from those from another source. The
coverage of the data may be indefinite or incomplete. The information
available may be imperfect on account of reluetance, nnder-statements or
exaggerations on the part of those responsible for the information in the
records. There may be delays in reporting or in making available the
records for compilation.

There are varions ways in which records can be improved so zs to
vicld comparable and reliable statistical information, without serionsly
aflecing their administrative uses. This however, requires a careful study
of. among other things. the administrative functions of the records, the
regulatory provisions, if any, the sources and channels of the records,
concepts, definitions and classifications used. the design of the forms used.
the timing and methods of completing the records and the degree of
co-ordination between related types of records.
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To ensure that the coverage is complele an examination lo discover
uhiether aic the wnits and individuals are elearly defined and in luded in
the reeords will be useful.  Concepts and definitions in use mey not be
standard or may be out of date und may require revision. Ii a revision
cannot be effected for some reason, was to eonverl one definition to another
or indications of how two concepts differ should be provided. Combining
characteris s or individuals diversely defined, into broader groups and
reclassifieation of material may increase the utility of the resulting statisties.
Efforts 1o keep records up to date, providing clear time-reference. avoiding
overlapping periods and gaps and prompt release of reeords can ereally
improve the quality of eompilation waterial.  While re-designing the format
of records it may be possible to include additional charaeterisiics without
creating ineonvenience to those responsible for corpleting the reeords.
Sometimes, useful information is not available because it is labelled
‘confidential’.  Periodic review of the need for continuing to clasiefy it as
confidential may be made in view of the nses to which such data ean be
put. I addition, the ereation of a cunsciousness on the part of those who
maintain the reeords that records are the raw material for important statisties
and aequainting them with the basic statistical requivements of the records.
snch as unifomity, eontinuity, completeness, acevracy and timeliness of
information, can contribute to the quality of compilation material. For
this. training of the staff who keep the rccords and framing instructions
for completing the records will be found useful.

Training on Topic 4.1
5. Lectures and discussions
(J)  Presentation of contents of seclions I to <& above.

(2)  Consideration of features of different tvpes of material for
compilation, with a view 1o understanding their baekground and to
determining the statistical information that can be extracted from them,
their adequacy to meet specified purposes and the improvements possible.

6.  Demonstration
Fxample:

Differences between data jrom 1ecords and date by investigation.

An idea of the nature of data collected by special investigations wiil
already have bems wiven through the demonstrations under Topies 1.5 and
2.2 For the purpose of this demonstration, speeimen administrative records,
e.g. registration forms, lieences, reeords of employment exchanges, public
corporations. published statistes of priees or employment and returns
such as those relating to labour and tax should’ be made available. The
limitation of the records from the point of view of extracting data for
producing specified types of statistics should be pointed out. The corres-
ponding data sheets used to transfer the information from the record,
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return or publication should also be presented and discussed.  The need
for appreciating the limitations of the soutees should be indicated.  The
differences in scope and methods associated with statisties derived from
1ccords and existing primary statistics. as comparcd with statistics based
on speetal investigations should be brought out.  The material used for the
demonstration should as far as possible be related, to oflices with which
tne trainees are familiar.

1.  Exercise
Example:

On the basis of specimen forms of: (/v an administrative record and
(1) a statistical 1etnmn.

(a) preparation of a list of statistical chaacteristics that can be
compiled out of infermation collected in then.

()  picpaation of a notc as regards improvements that can be wade
in them and listing the bencfits arising from such improvements.

6. Training material

Leeture motes.  Exercise sheet.  Speeimen  copies of wmaterial for
compilation. such as administrative 1ecords. returns and published statistics.
Lists of concepts and definitions relating to th., material for compilation.
Copies of iustruetions regarding completing and channelling records and
returns.  Copies of data sheets used for transferving information from the
original material.

TOPIC 4.2

Compilation schemes

1. The main problems in preparing a compilation scheme are to visualize
the cnd 1esults that ean be obtained from a given set of records and 1o
make the best use of the available information to obtain the desired results
in as short a time as possible.  The administrative and organizational dctails
of compilation work would vary according 1o the size of the work and the
type of agency responsible for it.  In some cases the same admimstrative
agency which is responsible for procueing the rccords may itsclfl compile
the statistics for its own publication or for the submission of slatistical
relurns to another age. -y, In other cases. copies of the basic records will
be passed on for compilation to an oflice specializing only in statistical
work.  Designing compilation requires attention almost similar to that for
designing a special investigation and the administrative and teehnical aspects
of data colleetion. processing. presentation and publication will be covercd
by the design (Topics 2.1 and 2.2).
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2. Study of material to fix end results

The first step in designing .. compilation scheme is to make a study
of the available records with a view to determining the statistical results
that would be possible out of the data. This will have to be done in the
light of any statisties that have been produced in the past from the same
type of 1ccords and of the possible uses of the statistics that will be
produced. Possible improvements in the quality of the 1esulting statistics
will also be kept in view.

For this purpose consultation with the producers of the records will
be neeessary to obtain background knowledge about the records, such as
purposes for which the records are maintained, the parties responsible for
providing information contained in the 1ccords, the administrative ehannels
and procedwies the records have gone through, and the meanings of terms
used in the record.  So also consultation will be neeessary, with the possible
users of the statisties that will be produced, to avoid omission of important
aspeets and inclusion of wnmecessary details.

The information contained in the reecords will have to be visually
analyzed in terms of suitable population characteristies and individual
characteristies from which the former ean be built up. This will reveal
gaps and other limitations in the information contained in the records. It
may be possible sometimes to minimize gaps and other imperfections, by
considering a slightly different set of characteristics and individuals.
Careful consideration will have to be given to the question as to whether
the resulting statistics will really give, rise to the d .red population
characteristics or whether can at best only yield sample churacteristies. In
some cases, gaps and limitations may be overcome, by introducing a suitable
sampling design.

A study of the above type should result in a decision in respect of the
nature of information to be seleeted from the records and the manner of
scleeting material for trausfer to data sheets.

3. Data sheet

Unless puuched eard methods are used. the information in the records
may have to be transferred to data sheets. In most cases, simple schedules
or forms will suffice. Iowever, the usual principles of preparing  data
sheets and instructions for filling them will have to be followed. The
process of transferring information will in most cases consist of posting
information selected from records, in appropriate classification cells on the
data sheet. Onc of the considerations, therefore, in the design of the data
sheet is that the classification characteristics chosen should be postioned
on the data sheet. in such a way as to facilitate both transfer of data as
well as subsequent processing work. 'Thus for instance, sometimes data
from more than one type of record will have to be transferred to the same
data sheet. In that ease. the classifieation characteristies will be so grouped
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as to suit the sequence of cntries fiom the different records. The position
of a classification charvacteristic in a hicrarchy is also important from the
point of view of obtaining totals of entries made. It will be seen that a
wrong position of a classification characteristic, would necessitate selective
addition instead of continnous and dircet addition for obtaining desircd
totals, when the data are processed manually. Provision will also have to
be made oa the data sheet for working out any adiustments in magnitudes,
that may be necessary. For example, in customs declarations goods may
be queted at prices including delivery charges for which adjustments will
have to be mad..

When punched card methods are adoptad, the transfer of data from
one or morc types of record will be made directly to cards according to
suitable card designs and the question of transfer to data shects docs
not arise.

Before making entries on data sheets or punching information on cards,
the rccords will be scrutinized for internal consistency, accuracy and
completeness and rectification. replacement or rejection of information as
necessary will be made.

A common function of statistical offices is to compile information
from official returns sent by subordinate offices or forms filled by private
individuals or organizations. The designing of the format and content
of the return or form should receive special attention. Very often the return
or form could itself serve directly as the data sheet.

. Processing. presentation and publication

In spite of scrutiny of the records, errors and inconstencies not detected
carlier may be brought up on the data sheets. There may also be errors
made during the transferring operation. A scrutiny of the entrics on the
data sheet will therefore be necessaiy. After such scrutiny, the data may
have to be summarized on a different sct of working sheets under broader
classifications. The summary will be checked for accuracy. Such summary
tables will be prepared also when statistical results are extracted from
publications. The next step may be the aggregation of data to obtain
different subtotals and totals. The results of processing would lead to
detailed tables. Tables so compiled on each occasion will generally give
rise to magnitudes constituting terms in a continuous scrics. Further
smmmarization and computation may be necessary to fit the results into
an existing series. Some of the results may be charted. Where necessary
textual notes will be added. The resuits of the compilation will then be
released for printing and publication.

At the designing stage, therefore, scrutiny programmcs, forms for
summaries, table lay-outs, charting procedures. publication programmes,
flow-charts, budgets, organizational details and overall time-programmes will
be prepared (Topics 2.1 and 2.2),
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Training on Topic 4.2

Lectwres and discussions

_CJI

(1) Presentation of contents of sections 1 1o -1 above.

(2) Consideration of details of preparing a compilation sclieme
| (covering the stages from the basic 1ccord to publication of results) with
reference to a selected set of records or returns.

6. Demonstration
Example:

Compilation schemes. Material 1elating to three selected schemes of
compilation will ke presented and described: (i) compilation from records.
(i) compilation from statistical returns and (ii7) compilation from pub-
. lished statistics. In each case the material will include, the source of
data, the data sheets used, instruction manuals. and plans and progrannmes
for scrutiny, processing. presentation and publication. The differences iu
operational details as compaird to statistics collected by special investigations

will be Srought out.

7. Exercises
Examples:

(1) Preparation of form (data sheet) for transferving information
from specimens given of:

(a) noun-statistical administralive record,
(b) statistical return of an administrative character.

(¢} published statistics.

(2} Scrutiny and transfer of information to given data sheets from
the three types of sources. Preparation of notes on limitation. if any.
of data.

8. Training material

- Lecture notes. Exercise sheets. Specimen compilation scheme of a
sclected commpilation project. Demonstration material (section 6 above)
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Course 5

DATA PROCESSING

A major part of this course will be gone through by trainees both at
the primary and intermediate levels, Ttems intended for those at the
intermediate level are some of the wmore advanced computational and

. < alytie techniques appearing in Topic 5.2, and are indicated separately.

The objective of the course is firstly to provide acquaintance with
th> principles and methods of large seale data processing and to provide
practice on computational techmiques. While some basie knowledge of
statistical methods will have heen imparted through Topies 1.6 and 1.7. any
statigtical method introduced during training on Topic 5.2 is intended to

be mainly through computation.

Teaiving will be given through lectures, discussions, demonstrations,

exe.cises and visits.

Cowrse summary:

Number of hours proposed for inttruction

Topic
r Lecture/  Demons- Exacie  Visit Totul
Discussion  aration X7 R
3.0 Procewing
operations
and principles 8 4 4 4 20
5.2 Computation
techniques 12 2 26 - 0
. (6) () 126)
' - X :
Torar: 20 A 30 4 6u
(6) (14) (20)

(The figures in brackets show hours to be spent by intermediate personnel only and form
part of the figures below which they appear)
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TOPIC 5.1

Processing operations and principles

L Data processing consists of the various operations required to produce
statistical results from information contained in data sheets. No new
information can be created by processing.  Data processing operations may
thus inelude: scrutiny of data sheels, coding of informalion, transfer of
information to working sheets or punched cards, classified arrangement of
data, counting for class frequencies and arithmetical operations on the
data to obtain smmmary results. A number of priuciples, techniques and
cquipment are involved in data processing operations.  While data processing
methods vary according to the guantity of data to be handled. the depth
of statistical analysis and the processing equipient available, they do not
depend so uuch on the method of data collection.

2. Planning

A number of decisions will have to be made and details worked out
hefore processing operations can start.  Proeedures and arrangements will
have to be determined for rcceiving, storing and handling data sheets.
Coutrol should be established on the number or quantity and location of
data-sheets during different stages of processing. Special arrangements will
have to be made for protecting data sheets or punched eards from dampness
and other cavses of damage; and for storing them so that they are easily
accessible and released for processing work.

When the total volume of data sheets, the results to be arvived at, and
methods of processing (manual or mechanical) are decided upon, details
of the different operations involved, such as, time estunates, the sequence
of operations, the allocation and flow of work, personnel and equipment
requirements and cost involved are worked out.

So also, code lists, card designs, scrutiny programmes, fow-charls,
lay-outs of working sheets, summasy sheets, tabular forms, as neeessary,
are prepared. Besides, schemes and procedures for control of accuraey of
results, for vendering processes fool-proof. for ensuring uniformity in
operations, for achieving overall economy. and for conformance to time-
programmes are laid down,

3. Processing operations

(1)  Serutiny «d editing of data sheets: Data sheels received and
properly stored will have to be first “cross-examined” and edited before the
information contained in them is processed. The purpose is to detect gaps,
incousistencies and other imperfections and to rectify them so as to obtain
reasonuble quality levels, through background knowiedgs. interual evidenee,

Q or by reference to a data collection agency. Siane of the eommon defects
ERIC
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arise from non-response. defective cesponse, incorrect entries. illegible entries
and omissions.  Couformance to ixstructions for data collection is an
important aspeet to be verified. For any particnlar data sheet. it will be
possible to prepare in advance. a list of likely errors giving mcthods of
rectifying each error, and to scrutinize and edit data sheets systematically
with the help of the list.

Checking for reliability of information should be extended throngh
subseguent processing operations as well. apart from checks on civors in
the opcrations themselves. Consistency between subtotals and tutals, and
between associated characteristics, and abnormalities such as outlying values
and undue concentration of values, may be looked for during different
operations.

(2)  Coding: sonie of the entries in data sheets may have been alveady
coded for couvenience in making entries as also to facilitate proce
work. Further coding may still be neeessary. The purpose of coding ot
the processing stage is to add to the vonvenience in handling information.
particularly at the stage of trausferring information from data sheets to
working sheets or punched-cards. Thorongh acquaintance with code lists.
the classification systems therein. and the codes themselves and practice in
coding will be neecssary to attain a reasonable amount of speed and
acenracy in coding.

(3) Transferring of information: In order to facilitate the operations
of sorting. counting and computation, in most cases the information on
data sheets will have to be transferred to working sheets or special types
of cards. Transferring may also have to be done to obtain duplcate sets
necessary to safegnard against damage by use or for simultaneous distribution
1o different sets ot workers or machines.

(4)  Sorting: 'The soiting «nd arrangement into groups or classes. of
data sheets or of cards on which information has heen transferred, is an
essential step towards performing grour calculations and for obtaining
classified information. In many proluems, sorting and resorting the
waterial aecording to different classification criteria, sorting in a hierarchy
according to a set of criteria, raatching and merging different sets of sorted
maierial, or selection of particular groups from sorted material will he
necessary.

(5) Arithmetical operations: Summarizing information, in a classified
or other mamner, involves the operations of counting, addition, subtraction.
multiplication and division. Counts giving the number of cases in different
groups main‘ained systematically will serve as an efficient means of exercising
eontrol over the accuracy of different proeessing operations, even if they
do not have to be finally presented.
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Lo Wanual methods

When the amonnt of processing work is relatively small, as when there
are only a few data sheets to be handled, manual processing methods are
economical.  Operations of arrangement such as sorting data sheets into
classes, merging. matching or filing data sheets in some sequence, or selection
of a specified class of data sheets can be done manually when the number
is limited. The connting of data sheets belonging to different classes, or
copying values from data sheets to working sheets as well as arithmetical
operations on the values copied out can also be done manually.

There are however several aids to manual data processing.  For sorting
purposes, marginal cards may be used. The positions of pre-punched holes
along the edge of the eard represent the different alternate forms of
characteristics to be observed. One card is ordinarily nsed for each
individual observed. An observation of a charaeteristic is registered by
punching a slot opening outwards from the corresponding hole. The sorting
of cards is achieved by passing a needle through the holes on the different
cards at the particular position representing the desired classification.  When
the needle is raised the slotted cards fall off. Those eards are counted.

The tally sheet is a simple working sheets for making frequency tables.
1t has a tabnlar form with proper classification headings. As ¢ach data sheet
(not sorted beforehand) is looked into, a tally mark is made at the
appropriate classification eell in the tally sheet. The tally marks are later
counted.  To facilitate counting, the tally marks are blocked in aroups

of five.

In fully mamal methods, while much of the arithmetical work will
have to be done by direet computation, conversion tables and mathematical
tables of squares, enbes. square roots, reciprocals and the like wonld be of
considerable help.

5. Mechanical aids

Manual methods are often supplemented by mechanieal aids.  Thus, for
instance. in counting operations that are likely to strain human memory
a count meter may be nsed. For adding operations to obtain subtotals
and totals of characteristics, adding machines are an aid. Some adding
machines have large eapacity and permit totals, together with the individual
values, to be printed on paper tapes. These printed values can be compared
with original sheets to check for correctness. The abacus may be used for
all the four arithmetical operations and the slide rule for maltiplication
and division.

For the operations of addition and subtraction as well as for com-
putations which wonld involve the other two operations of multiplication and
division. desk calculating machines may be used. There are many types of
calculating machines: multiple key board arnd simpie key board types; the
rotary and key actuated ty pes; mannally operated and electrically operated
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types. Most of these caleulating machines permit the ealeulation of the
sumi. the sum of squaes and the sum of pair-products of a large number
of positive or negative values, as ‘unit operations™ (i.e.. onlyv the final result
needs be copied down from the machine).

Rl 92
N

The punched card system: The pinehed card system which ineludes
diffcrent types of meehanieal equipment is a self-suffieient system for data
processing. Before processing operations on punched card machines can
begin, it is necessary to transfer the basie data to eards of a standard type
by punching holes on the eards at pre-designed positions. There will be
one eard (or one set of cards) for data relating to each individual. Onee
the data ave transferred to punched cards and checked for acenraey, the
operations of duplicating eopies. sorting or other arrangements, addition.
subtraetion, nmltiplication and division of values, and printing the resunlts
can be performed on the different machines in the system, at high speed.
The system is suited to large seale work and offers the advantages of
mechanization. such as high speed, savings in time. and facility to eontrol
acenraey of data.

v

The electronic computer: The electronic computer is a recent deve-
lopment. It can perform a long sequenee of arithmetical operations
much faster than most other machines. Instructions to the machine and )
the data are fed through punched eards, magnetie tapes or other media.
and are stored in the ‘memory’ unit of the maehine. The machine chooses
the appropiiate operation aceording to the instruetion programmed in
advance, from a set of alternatives given, and gives the results on magnetic
tape, paper tape or punched eards.

6. Control of qu~lity

Records such as output diaries, progress reports, and equipment
ntilization statements provide a basis for overall eontrol of proeessing work.
Apart from this, inspection of individual processing operations, is necessary.
In some operations, such inspeetion can be done on the basis of built-in
checks.  In other eases, eomplete and independent duplieation of the work
will be necessary. If the degree of inaccuracies is expected to be small,
checking the operation on a sampling basis or duplication of part of the
work only will suffice.

In cases where the same set of data is proeessed under different
classifieations to give different sets of tables or other results, consisteney
between the different sets of results ean be easily verified, espeeially when
auided by the frequencies and subtotals and totals of eounts or values.

Numerical aceuracy of summary results shonld be ehecked by repeating
the computation, when nanually obtained.

Final results of a statistieal investigation should whenever possible be
compared with results of similar investigations and differences, if, anv,
should be explained.

ERIC

Aruitoxt provided by Eic:




-

ERIC

Aruitoxt provided by Eic:

5.1 Processing operations and principles . 91

In punched card mcthods or in using electronic compnters, the emphasis
should be on the programming of the job and the checking of pilot-run
resnits: since, once the programming is correct and the machine is in order.
errors can seldom ocenr.

Training on Topic 5.1
7. Lectures and discussions
t1r Presentation of contents of sections 1 to 6 above.

(2) Consideration of leading principles in processing. such as
accuracy, uniforinity and econoniy and measures taken to achieve them.

(3) Detailed descriptions of items of work under different processing
operations.

{4} Consideration of specimens of: (a) schemes and instructions for
scrutiny of data sheets, (b) flow charts of processing operations, (c) working
sheets for transferring information. (d) forms for summary results. (¢) final
results of processing.

8. Demonstration

Examples:

(1) Scrutiny of figures. Selected sets of figures which contain errors
open to scrutiny will be used. Some of them may be on actual scrutinized
data sheets. Why the figures are suspicious, how the errors could have
arisen, how to tackle the errors and what will be the result of the scrutiny
as regards the disposal of the sets of figures will be explained. Examples
of figures selected may reveal the following: (&) wrong totals, () blanks
left. (¢) transcription errors, (d) wrong calculations, (¢) mixirg up of
units, (f) wrong time reference, (g) counting and measnrement errors.
including rounding errors, () inconsistent entries, (i) illegible entries.

(2)  Punched card operations. This demonstration will be supple-
mented by a visit to a punched card installation. The demonstration sheuld
be confined to a general introduction to the punched card system, with
emphasis on the transfer of information from data sheets to punched
cards. Specimens of punched cards, code lists, card designs, and lists,
tables and other results printed on machines should be presented. Detailed
description of the card itself, how coded information is transferred to the
card by punching and how the punching is verified should be explained
in detail. Ifow sorting and other arrangement on sorters and collators and
how the arithmetical operations and printing results on tabulators, calculators
and other special machines are performed should be explained. The speed
of the machines, the time saved, the accuracy possible and the cost involved
should be briefly indicated. Mention should also be made of numerical
work on electronic computers.

-
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9. Exercises
Examples:

(1) Scrutiny of a number of filled-in data sheets of the same type.
with the aid of standardized instructions. A copy of the instructions and
a set of about 20 completed. but unscrutinized, data shects should be made
available to each trainee. Preparation of note based on the result of serutiny.

12} Coding a number of scrutinized daia sheets of the smme type.
The coding should suit transfer to punched cards and involve quantitizing
attribute forms with the aid of given code lists and wnaking up uniforinity
in number of digits of variate forms. Preparation of note about sufficiency
of code list, or about imperfections noted in data sheets. One set of code
lists and instructions for coding and about 20 data sheets should be made
available to each trainec.

10. Fisits

(1)  Data processing division of a statistical office where data are
processed by wmanual operations. An office engaged in compilation of
routine statistics may be given pieference.

(2) Data processing division of a statistical office which uses a
punched card machine installation. (Alternatively a demonstration at a
punched card machine company office nay be arranged).

11. Training material

Lecture notes. Lxercise sheets. Material for exercises (section 9
above). Material for demonstrations (section 8 above). Other material
for lecture and discussion (section 7 above).

TOPIC 5.2
Computation techniques
1.  Rounding

In making observations, mcasurements have always to he rounded;
counts may also be vounded. Moreover, because of the limited digit
capacity of computing equipment, numbers will have to be rounded off
suitably. Rounding a number to n digits is done as follows: first, discard
all the digits to the right of the n-th digit, and replace digits, if any,
discarded from the left of the decimal point with zeros; next, if the
(n 4 1)th digit that was discarded was less than 5 leave the n-th digit
unaltered, if it was more than 5, or was 5§ followed by at least one non-zero
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digit in some position, raise the n-th digit by one unit. but if it was just
5. leave the n-th digit nnaltered if the n-th digit is even and raise it by
one unit if it is odd. Thus the mmbers 1632.36, 428723, 61.8501, 37.25.
42.15 and 5.193. romuded to three digits will be 1630, 429000, 61.9, 37.2.
42.2 and 5.10 respectively.

(The rule favouring an even digit to be left unaltered if the disearded
digit is just 5 is only conventional. The purpose of such a rule is to avoid
accunmtlation of rounding errors in summation.)

2. Significant digits

Il a measurcment is reeorded as 143.3 mms,, it is to be expeeted that
the correct length lies between 143.25 mms. and 43.35 mms. Then the
nuniber of signifieant digits in the measurement 143.3 mms. is four. A
digit to be called significant. requires that the error in the next position
to its right is not more than 5 units in that position. The number 537852
may be rounded to three significant digits as 538000. But if a number
03200 is given without mention about any rounding made, it will be diffieult
to say whether the nmnber of significamt digits is three, four, five or six.
To avoid this difficult, it may be presented as 6320 X 102 (or 6.320 X 10%)
if it was the ease that there were four significant digits in the number. Zero
will not be a significant digit when it is used to fix the decimal point or to fill
the places of disearded digits. Thus in 0.0035020 the nuniber of significant
digits is five. it being assumed that the last zero has been retained as a
result of rounding. The number of significant digits in a number gives
an idea of the number's aecuraey. Thus in 375 X 10% it is evident that
the accuraey of the number is only within limits of 500 units on either

: s - within 500 — . )
side of 375000 or within 375000 X 100 = 0.13 per cent limits.

3. Error involved in operations with approximate numbers

(1) Inasuin or a differenee, the absolute value of the error will not be
greater than the sum of absolute values of the errors of the eomponents.

Thus in 152 — 17.6 4- 18.3 — 12.8 where eaeh number is rounded
to the first plaee of decimal, the maximum error possible is .05 X 4 = 0.2.

(2) In a produet or quotient, the value of the relative error will not
generally be greater than the sumn of the relative errors of the components.

Thus in 1823 X 1.264 the relative error will not be greater than

0005 0.0005 i
({823~ X 100 Logt X 100) per cent.

The result of calculation should not contain digits whieh are not
significant, Ifowever, it is not so easy to find out the eorreet number of
digits to be retained when a result is obtained by performing many different
operations on numbers whieh are rounded and not exaet. The rules given
below may be followed when the numbers ineluded in the operatica are
only a few.
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(1} In addition and subtraction, more decimal places than there are
in the original number with the fewest significant decimal places should
not be given in the result.

Thus 21.62 -+ 15 = 37
835.1 — 16.21 = 8189

If a given number of significant decimal places is required in the sun
or difference, then, in the component numbers. one more significant decimal
place should be retained.

When a correct total is separately known, it should be used instead
of the tetal obtained from components which are rounded.

(2) In muliiplication, division or extraction of square root, more
digits than there are in the original number with the fewest significant
digits should not be given in the result.

Thus 184 X 12 X 367 = 81 X 10¢
157 = 16 = 0.98
V/0.0256 == 0.160

If a given number of significant digits is desired in the result, each of
the original figures should at least have that number of significant digits.

4,  Computational errors

Apart from errors due to rounding or other approximations knowingly
made, errors during computation can occur in various ways. Mistakes are
very often made at the time of reading values from a soiirce such as a
document. a mathematical table or the counter of a calculating machine
and copying or transferring the values. The usual mistakes of this category
are substitution of one digit for another such as 0 for 6 and 9, 1 for 7
and 4, 3 for 8 and 7 for 9. Another type of mistake is the interchanging
of digits, such as 43 for 34, or the copying of 14445 as 1445 or the
omission of one or more 53’s from the series, 50, 51, 52, 53, 53, 53, 54 . . .

To avoid such mistakes, the 1ules given below may be followed.

(1) Write figures distinctly,

(2) Cut down reading and transferring operations to a minimum.
(3) Use well-designed computation lay-outs.

(4) Provide for checks such as those based on mathematical identities.
(5) Anticipate the magiitudes of results beforehand.

(6) Reduce fair copying from rough work, to a minimum.

(7) Plan computational procedures beforehand.
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(3) Break up computational steps into unit operations.

(9) Refer to mathematical tables for as many figures together as
possible at a time.

(19) Follow instructions for the use of mathematical tables.

t11)  When mistakes are detected, go over the computation all over
again using a different computation lay-out, if possible.

When the procedure does not provide for internal checks, the only
reliable means of checking and ensuring the accuracy of results is to have
the computation independently repeated.

5. Aids to computation

Among the aids to computation are instruments like the abacus and
slide rule, desk calculating machines, punched card machines and electronic
computers, each type having its role depending on the volume of data and
complexity of calculation (Topic 5.1).

Of cqual importance are mathematical tables, giving values of
reciprocals, squares, cubes and higher powers, square roots, cube roots,
logarithms, exponentials, sines, cosines, tangents and values of other
mathematical functicns. So also are statistical tables providing values such
as areas. ordinates and percentage points of probability distributions.

Training on Topic 5.2
6. Lectures and discussion
(1) Presentation of contents of sections 1 to 5 above.

(2) Brief review of computation of summary figures covered under
Topic 1.6 and Topic 1.7 bringing out differences due to use of desk
calculating machines.

(3)  Introduction to methods and formulae for obtaining with the help
of desk calculators: means, standard deviations and pooled means and
pooled standard deviations from: (a) ungrouped series, (b) frequency tables,
with a view to enable trainees to work out the exercises of types (1) to

(6) below. $

(4) For those at the intermediute level only — Introduction te
methods and formulae for: (a) construction of index numbers, (b)
standard errors of summary figures. (c) correlation and regression from
ungrouped series and two-way frequency tables, (d) fitting finear trend,
(e) interpolation and (f) solution of equations — with a view to enable
trainees to work out the exercises of the types (7) to (13) below.
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-~ 7. Demonstration
) .
Example:

Use of desk calculators and other computational aids. The first part
of the demonstration will be the use of manually operated desk ealculators.
Laeh traince as well as the instruetor will have a maehine for use during
demonstration. The position of the machine, and the manner of holding
and operating the handle should be first indieated. The funetional parts
and eapabilitics of the machine should be explained. Addition and
subtraetion, and then multiplieation and division as repeated addition and
subtraction respeetively, should be explained. Speeial features of the
maehine such as possibilitics of obtaining swins, sums of squares, sums of
produets and even sums of quotients (division being equivalent to
multiplication by reeiproeal), as ‘unit operations’ should be pointed out.
Time-saving features and short-cut methods and ehecks which it is possible
to carry out on the machine should be indieated. These may be doune by
working out examples, the trainces following the instructor in using the
macehines.

The second part of the demonstration should be concerned with the
use of mathematieal tables separately, and in eonjunction with machines.
for eomputation. Examples of taking square roots. logarithms. reciprocal
from the tables should be provided.

8. Exercises

The exercises proposed below are on numerieal computation. usine
manually operated caleulating maehines, mathematieal tables and other
computational aids. Exercises 1 to 6 are for all primary and intermediate
level persomiel, 7 and 8 (marked with asterisk) for all intermediate level
persounel, 9 to 13 (marked with two asterisks) only for those intermediate
level personnel who ai~ eoncerned with analytie work. Mathematical
symbols, eomputation formulae, and leading principles will be eovered during
lectures and discussions (seetion 6 above) while hints. ehecks and lay-outs
may be indieated on the exereise sheets.

Examples:

1) Praetice in: (¢) rouuding off numbers to specified number of:
(1) ) g I
(f) deecimal places, (i) significant figures:

b) ealeulating the errors in approximation; (¢) absolute errors. (ii)
i~
relative errors:

(¢) vature of combination of errors in arithmetical operatious: (i)
addition and subtraetion and (i) multiplieation and division.

(2) Practice in the handling of desk ealeulators and mathematical
tables. The possibility of obt~ “ng, on desk ealeulators, the sum of squares

. or sum of products of positive and negative values, methods of handling
O
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of varying number of decimal places in figures and of using mathematical
tables in conjunction with machine work (example: multiplication with
reciprocal instead of division) should be brought out.

(3) Computation of mean and standard deviation from an ungrouped
series. The series should be long enough containing about 100 values.

4) (a) Computation of ratios, percentages and rates from fre-
quency tables,

(b)  Combining several ratios, percentages and rales hased on
unequal nunbers.

(5) ta) Computation of mean and standard deviation from fre-
quency lables,

(b) Computation of mean and standard deviation from frequency
tables. with change of origin and/or scale of the values of the variable.

(6)  Pooling means and standard deviations based on unequal numbers
of observations,

*(7)  Computation of index numbers using different formulac.
(«) as means of ratios;
(b) as ratios of weighted totals.

“(8)  Computation of standard errors using given formulae.
(«) standard error of a sample proportion;

(b) standard error of mean in sample from a finite population;

(¢) standard error of mean in sample from an infinite
population:

- {d) standard error of standard deviation in sample from an
infinite population (normal).

*“19)  Computation of the first four moments and measures of skewness
and kurtosis.

t¢) from ungrouped series:
(b) from frequency table.
**(10) - Computation from ungrouped bivariate data
(a) 1egression straight line:
th) correlation coeflicient;
(¢) standard error of estimate in regression;

(d) standard error of eorrelation cocflicient.
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**(11) Computation from a two-way frequency table
{a) regression straight line:

(b) correlation cocflicient.

(Change of scale and change of origin of the variables 1o be introduced)

**(12) (a) Fitting a straight line trend to time series data:
(b) Graphic and linear interpolation:

(c) Iuterpolation using Lagrange’s formula.

**(13) Solution of linear, quadratic and simultaneous equations.

9. Training material

Lecture notes. Exercise sheets.
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PRESENTVATION AND PUBLICATION OF STATISTICS

This course is intended for trainees at the primary as well as the
intermediate levels.  The purpose of the course is to previde understanding
of the broad principles and acquaintance with the details of different methods

of presenation of statisties and of publication of statistics.

Training will he given through lectures, discussions. demonstrations
and exercises.  To increase effectiveness, part of the training on cach topic
may be organized in the context of activities of a selected section of a
statistical office engaged in the type of work falling under the topic.

Course summary:

Numter of hours praposed fur instruction

'l'opic I y
Lectire, " . s
Discusrion Deusonstration Evercise Total
6.5 “Tabular
presentation G 2 6 14
6.2 Graphic
presentation 6 2 6 I
6.3 Texturt
presentation
and publication 6 - 4 1a
Torw: 18 4 16 38
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TOPIC 6.1

Tabular presentation

1. The systematic presentation of statistical vesults in their numerical
form. in rows and columng designated by elassification headings. is known
as tabulation.  Statistical data will have to indergo the processing operations
of arramgement and condensation before they can be presented in tables.
Some of the results of processing data on punched card tabulators, or by
mannal methods. may have already taken the shape of primary statistieal
tables. These tables also will often have 10 go throngh some refinements
before they can be presented.

2. Purpose

One of the main purposes served by tabulation iz 1o render the
data handy without losing relevant information.  This is achieved during
processing. By tabunlation. qualitative data can be 1endered into quantitative
form. Tables make the location of information easier. They cnable
assessments, comparizons and other interpretations to be made al a visual
level.  Tabular presemtation can throw more light on statistics and may
even suggest the natnre of analysis that may be earried out.  Tables provide
a very convenienl means of presenting 1esults of large-scale work and are
invariably used to present the resnlis of routine compilation,

3. Parts of a table

The different parts of a statistieal 1abie are the following:—-

=

(1} Table number. This is the identificaiion number and precedes
the title of the table.

(2) Title. 7The title is placed above the main body of the table. Tt
gives. i brief and concise language. information such as: what kind of
data ave shown in the table. how the data are classified. where the data
apply. and to what peviod the data apply.

(3) Caption or colummar headings: ‘The ‘caption’ cousists of the
designations at the top of the cohnm in a table explaining what each
colunmn represents.  Each colunm designation is called a ‘caption heading’.

(4) Swub or row designations: The stub is the left-most colmm or
set o1 colmnns of the table, providing the designations for each row in the
table. 1t will be noted that the stub column also bears a caption heading.
Each row designation is called a stub item.

(5) Body of the table: The body of the table consisis of the numerical
information which are placed in appropriate cells governed by eclumn and

row headings.
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(6) Source note: 1If the information presented has not been collected
originally, il is required that the source of the data be given. Occasionally,
a prefatory nole and one or more foot-notes may be appended to a table.

(7 A prefatory nole provides an explanation concerning the entire
table or a substamtial part of it. It is placed just below the title and ia
smaller or less prominent type.

(8) Foot-notes provide explanations concerning individual figures, or
a colmum or row of figures. It is placed at the bottom of the table and
also in smaller or less prominent type as the prefatory note.

4. Types of tables

Tables may be classificd according to various criteria. A table the
body of which consists of frequencies only is called a frequency table.
Tables in which the classification items appear only on the caption side or
only on the stub side are called onc-way tables: others are called two-way
tables. I the classification along the stub or caption is further sub-classified,
the table is called a multiple classification table. A one-way table with
multiple classification is called a hierarchical table. Tables produced by
the punched card tabulator are hierarchical tables. On the electronic
statistical machine. one can produce among other types of tables, two-way
multiple classification frequency tables.

5. Construction of tables

A table should be expressive by itseli and facilitate reference and
interpretations. A gencral-purpose table would give full details that all
possible nsers arc likely to be interested in. A special purpose table
would place emphasis on information relevant to a purpose and may owmit
wniecessary information. Every table should be complete within itself;
i.c., it should contain explanations to make the meaning of each entry
clear. The different parts of a table should be so arranged as to: (1) lay
emphasis on important items. (2) make comnparisons easy, (3) stress the
important comparisons, (4) cconomize space and (5) have an attraclive
appearance.

In order to build in quality in a statistical table, attention should be
paid to the following: (1) cousidering each part of the table separately,
(2) choice and arrangement of stub and caption items, (3) numbering the
columns and rows, (4) providing margins, spaces, hold letters, double lines
and other devices o bring to easy notice the contents and prominent features,
(5) providing subtotals and totals wherever desirable, (6) mentioning sonrce
of and limitations in the results presented and (7) overall neatness.

To construct a table, the classification characteristics will first have to
be chosen from within the statistical material available for tabulatjon.
Sonic of these may be qualitative and the others quantitative characteristics.
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When there are more than one classification charaeteristic. they may be
alloted to the stub as well as the caption and major and snb-classification
characteristics will be positioned in an appropriate order. The different
classes under each characteristie are then decided upon. These classes
may be arranged in an alphabetical or a customary order when the
classification characteristic is qualitative, and in order of magnitude when
the characteristic is quantitative.  An example of qualitative classification
is geographical divisions arvanged in alphabetical order. An example of
quantitative classification is a time series in which the years arc arranged
in numerical order.

The items including sub-totals and totals which will go into the body of
the table will be determined by the choice of the classification chaiacteristics.
The positioning of classification headings therefore should keep in view
the need for making comparisons and for providing for those sub-totals and
totals which are most desirable.

One of the first faetors to be considered in the construction of a
table is its lay-out. The lay-ont is decided npon by considering the size
and shape of the table and its direction and position on the page. A
rough draft may be prepared first. ‘The lay-out may be analyzed in terms
of: (1) width of stub, (2) width of each columm, (3) space needed
for title, prefatory wote, foot-note and source note, (4) number of lines
necded for caption, (5) nmnber of rows in body, (6) type of vertical and
horizontal ruliug. (7) extent of margins and spacing and (8) size and
style of lettering.

6.  Principles in preparing tables

When mote than one table is prepared, they should be serially mmbered.
For table numbers, the Arabic decimal system is suitable especially when
there are many groups of tables.

The title shonld be clearly worded and brief but adequately indicative
of the contents of the table. If necessary, the title may be supplemented
by a prefatory note giving an explanation of the table.

The captions or the prefatory note should mention the nnits in which
the figures are expressed. If the figures in the table are rounded, notes
should be provided indicating the degree of approximation made.

Totals, sub-totals, averages and percentages should be provided in the
table whenever desirable. Percentages or averages may preferably be
presented along with the mmbers on which they are hased.

In presenting results of sample surveys, the mumber of sample mits
associated with each set of results should be given, and as necessary,
standard errors or coeflicients of variation of estimates, also presented.
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When no cases have been found to exist or the value of an item is
zero, the fact is indicated by dots or short dashes and footnotes provided.
It is not customary. especially in general purpose tables, to show a zero alone.

The capiion should be briefly worded and shonld cover designations
of mnits, Two or more columns nnder one class may be gronped nnder
a ‘spamner-heading’.

If a stub item is very long it shonld be written in more than one line.
No lines are drawn in the stub between major and sub-classification items.

Explanations concerning individual figures or a column or row of
figures shonld be given in foot-notes with suitable keys for identification.

A somce note may appear below the title or prefatory note or below
the foot-note. The source should be completely identificable in terms of
author, title, volurie, page, publisher and date.

With regard to ruling and spacing, tables are not usually closed at the
sides.  When closed they should be closed on both sides. No horizontal
lines are nsed in the body of the table except to demarcate sections
and totals.

Too much variety in types should be avoided. But separate types
may be used to distingnich foot-notes, and other notes from the hody of

the table.

Training on Topic 6.1

7. Lectures and discussions

(1) Presentation of contents of sections 1 to 6 above.

(2) Explanatien of the different parts of a table and details in the
preparation of tables, with the help of specimen tables.

(3) Presentation of tables of different types and with differences
in detail.

5. Demonstration
Example:

Remodelling defective tables. 'This demonstration may be made in
cither of two alternative ways. Different selected tables each deficient in
one or miore respects, or a single table in which several defects are artificially
created may be nsed. The Jatter will be easier and more effective in a
brief demonstration. A table which has an unconventional table number,
a long and vaguely worded title, incorrect stub ard caption allocations, mixed
reference to units, no column numbers, no proper ruling, no sub-totals,
ineffective spacing, lack of uniformity in number of decimal places, and
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many other defects should be presented to start with. Each defect should
be pointed out and each detail attended to one by one and a revised table
evolved on the black-board during the demeonstration.

9. Exercises
Examples:

(1) Preparation of blank tabular forms most suited to presentation
of specified statistical results. Attention to parts of the table and other
details of presentation are to he emphasized. The types of tables that may
be covered are: non-requency tables. hierarchical tables and multiple
classification tables.

{2) Rendering of textual presentation of statistical results into
statistical tables. The textual matter selected should be such as to reveal
the effectiveness of tabular presentation in respect of the matter. ;

(3 Remodelling of deficient tables. Actual instances of tabies
inefliciently presented should be selected, as far as possible. Different small
tables each containing one or more defeets will have to be selected, as it
will be seldomn possible to find a single table with many defects.

10. Training material
«

Lecture notes. Exercize sheets. Specimen tables for explanation of
parts, details and types. Specimen defective table(s) for remodelling during
demonstration.

TOPIC 6.2

Grephic presentation

1. The rendering of statistical results in the form of charts is known as
graphic presentation.  Charts are geometrical representations of maguitudes.
Some charts adopt geometrical forms such as rectangles and segments of
circle which vary in dimensions (usually length or arca) or pictorial forms
which vary in the number of tlimes they are repeated in proportion to
the magnitudes represented. Some other charts use the magnitudes as
co-ordinates lo generate points, line curves or surfaces.

2. Purposc

Charts are intended to give a quick overall impression of the information
containcd in slatistical results. They are more effective than tables in
attracting attention and are more easily understood. Charts help to bring
out relationships that may be hidden in tables. However, charts are suitable
for showing only brief sets of statistical results, whereas tables are capable
of presenting very extensive stalistical series. The values shown by a chart
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are likely to be moie approximate than thoce that are given in a table.
For these reasons, charts often aceompany tables, or numerical values are
somctimes  in-set on charts.  Chaiting requires a certain amount of
artistic ability.

3. Types of charts .

Some
. .
jollowing:

of the chaits eommonly used for presenting statistics are the

() Pictogram: This chart uses cqual-sized pietorial forms. Thus
the picture of a cement bag of specified size, may represent a hundred
thousand bags of eement.

(2) Pie chat: This is a representation for comparing magnitudes
of component parts of a total. The component parts are shown as sectors
of a pie or a cirele.

(3) Bar chart: In bar charts, magnitudes .aie represented by size
of reclangular bars. There arc several types of bar charts to suit different
kinds of statistics. Some of the types are: the simple bar ehart. multi-bar
chart, plus-minus bar chart, component bar chart, shaded and over-lapping
har ehart. and pyramid bar ehart.

(4) Line chait: In this type of chart, magnitudes arc plotted to
give a linc curve so as to bring sut eharacteristics sueh as trends, patterns
and chonges. Some of the comumon types of line eharts are: simple line
graph. component line graph. balance graph, high-low graph.

(5) Statistical map:  This type of chart is used to present geographieal
statistics.  Amoung the different types of statistieal maps are: (1) cross-
hatched or shaded maps, (2) dot maps, (3) pin maps, (4) combination maps.

4. General requisites

A well-eonstructed chart chould satisfy the following requirements:
(1) neat general appearanee, {2) well-proportioned lay-oul, (3) suitable
lettering.  (44) Dbrief but explanatory title. (3} souree reference, (G)
eomparability of statisties presented.

5. Construction of bar charts

Bar eharts are specially suited to represent statisties which are classified
according to a qualitative criterion, although oeeasionally they may he
used to represent time series or frequeney tables. The bars referring to
the same eharaeteristie on a bar ehart should be of the same width and
vary only in length. Bars may be placed either horizontally or vertieally.
The bars should be arranged in some systematic order applied to the
- elassification eriterion or to the length of the bar. Thus they may he
arranged aceording to the alphabetie order of names of geographieal regions
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. or in decreasing order of length of bar. Usually the space between two

7 . . . .
) bars will be less than the width of a bar. In a histogram therc will be
no space between adjacent bars.
The bars may be colowed, shaded or outlined and the classification
clearly written out against each bar, prcferably hovizontally. Scales may
[ be provided on the chart to facilitate rcading of magnitudes. The zero

base line or other base of comparison should be indicated. In multiple
bar charts or component bar charts, bais or components relating to the
same characteristic should be shaded alike and legends provided.

6. Construction of line curves

The line curve is ordinarily drawn only when the classification charae-
teristic is a variable. Some of the basie steps in drawing line curves are
the assignment of vaiiables to different co-ordinate axes, choice of scale
and base line, and paying atlention to details regarding the plotting of
points and drawing the curves.

The ewrve representing the statistical magnitudes is generally ruled
more heavily than other lines appearing on a chart.  When different.curves
are drawn on the same chart, curves are made distinguishable using solid,
dotted and dashed lines or by heavy and light lines or by lines of different
colours. In component line graphs. suitable shading will be necessary.
All lettering on a chart including scale labels, scale values, legends or cuive
designations and any other words or figures should be placed at appropriate .
places, preferably horizontally.

7. Construcling statistical maps

In a cross-hatched or shaded statistical map. a progressive change in
the shading will indicate an increase (or decrease) in the characteristic.
In a large-dot map the variation in magnitudes is indicated by the number
of equal-sized large dots in each geographical area, the number of units
represented by a dot being large enough so that the number of dots apparing
in cach area is small. In a small-dot map, the nmnber of units represented
by a dot is small enough and located at the exact place where it is applicable
so that the many dots can give the effect of gradual changes in intensity
of shading. Pin maps are mounted on backing of cork or board on which
values arc represented by means of pins with heads of different sizes, colours
and shapes. Pin maps may be readily altered as facts change. A statistical
map in which the magnitudes arc represented by bars instead of dols is
an example of a combination map.

8. Some other charts and their uses

Some other types of charts which are of analytic value rather than

, devices for final presentation of results are the following:—
\‘ .

-
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(1)  The simple line graph used for the purpose of interpolating the
-alue of one variable corresponding to a given value of another variable.

(2)  The scatter diagram useful in detecting relationship between two
variables.  Association between the variables will be indicated by a clustering
of points on the scatter diagram round a sloping tiend upward or downward.

(3) The scmi-logarithmic graph, a convenient representation when
relative changes and not absolute changes in magnitudes are of interest.

(4) A contrel chart, cssentially with a central line round which values
plotted are expected to flaetnate, and upper and lower control limit lines
which almost no vahie should cross unless the characteristie is influenced

by assignable causes. or in other words nnless there is lack of control.

bed

obtaining relative frequencies of variate values.

(5)  The histogram, frequency polyzon and frequency curve uscful in

(6) The ogive useful in graphically obtaining fractiles (median.
quartile, decile. pereentile and so on) of a variable characteristic.

(7)  The Lorenz curve. a useful representation for comparing patterns
such as those of income distribution or commodity consumption and to
measure departures from the linc of cqual distribution.

Training on Topic 6.2

9. Lectures and discussions
(1) Presentation of contents of scetions 1 to 8 above.

(2)  Explanation of details of differcnt charts. with the help of
specimens.

(3) Explanation of: (a) choice of type of chart to suit the statistics
to be pesented, (b) choice of scale for charting (arithinetic scale, logarithmic
scale, broken scale, scale captioning) and (c) charting techniques (principles
of charting, drawing and colouring instruments and materials).

=

10. Demonstrations
Example:

Charts—Special features and purposes served.  Specimens or wall-charts
of a varicty of graphie presentations will be necessary for this demonstration.
Special features in charting pictograms, pie charts, multiple bar charts,
component line charts. balance charts and similar other charts should be
pointed out.  Besides, the purposes served by different types of charts should
be explained on the lines indicated in sections 2, 3 and 9 above.
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The instruments and material commonly nsed for charting should he
cxhibited and the methods of using them explained. This demonstralion
may be held in the charting scetion of a statistical officc or may be
supplemented by a visit to such a section.

11. Ewercises
Examples:

(1) Construction of pie charts and simple multiple bar charts of
different types, from given statistics.

{2) Charting line graphs. component line sraphs. balanee sraphs and
o i 3 3 3 o c
other line curves based on given statistics.

(3) Preparation of statistical maps, and other special charts from
given statistics.

Y2, Training material

Leeture notes, Excrcise sheets. Wall-charts of important types of
graphical presentation. Special charts of a wide variety, preferably based
on national statisties.

TOPIC 6.3
Textual present.atian and publicatian

1. Textual presentation

The presentation of statistical results in textual form is done by
means of explanatory notes and technical notes attached to statistical
results presented in another form. or by means of a comprchensive report.
Explanatory notes and technical notes arc usually brief and are used for
purposes of giving background information of statistical results or for
presenting  comments and conclusions about information contained in
statistical tables and charts. Some technical notes may deal with watters
such as sampling design. Explanatory notes and technical notes contain
such matter as would forin part of a statistical report if a full report
were written.

2. Report writing

Full reports are usually written for special investigations rather than
for presenting routine statisties. A reason for this is that routine statistics
are released periodically and at close intervals so that, if a report were
written cach time, much of the textual matter would have to be repeated.
Secondly, routine statistics being mostly general purpose statistics, it will
be on almost impossible task to provide a full report giving analyses and
interpretations that would serve the varicty of possible users of the statisties.
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The quality of a report will very much depend on the technical and
writing abilitics of those responsible for producing it. However. a report
on a statistical investigation should provide descriptions of the various
administrative and technical aspeets of the investigation,” besides presenting
the results of analysis along with interpretations and conclusions.

The 1eport on a statistical investigation may contain chapters or scctions
on the following: (1) Introduction, giving the backgromnd. and purpose.
(2) Design. explaining the coverage. the concepts and definitions used. and
details of samplivg techniques. if any, adopted. (3) Data collection,
covering method adopled and details of collection. (4}  Cost. giving an
account of the organizational arrangement and cost incurred on personnel
and cquipment and for the different operations. (5) Accuracy and
limitations of the data. (6) Results of analysis and inference, consisting
of tables, charts, summary results and technical notes on the results.  (7)
Conclusion.  (8)  Appendices giving other information, such as specimens
of data shecls and instructions for investigation.

A draft report is usually wade first and then circulated for comments,
before the final report is made. Fxamples of reports are census reports
and sample survey reports.

3. Statistical publications

Statistical publications are the end results of statistical activities. A
report or a periodic bullctin when published, carrics with it the mark of
authenticity and reliability.  Prowpt and timely publication of reliable
statistics should. therefore, be the ultimate goal of all statistical systems.

Statistical publications way be classified broadly into four groups:

(1) General publications issued regularly (monthly, quarterly, or
amually), such as monthly bulletins of statistics. or statistical ycarbooks.

(2)  Special subject publications issued'regularly (monthly, quarterly,
or annually), such as publications on external trade statisties, agrieulture
aud food statistics, vital statistics, industrial statistics, transport statistics.

(3) Census publications which appcar. usually, once every ten years
or sometimes every five years. Very often, preliminary results for the
country as a whole are first published in brief volumes, to be followed
later by a series of volumes giving detailed information.

(4)  Special or ad hoc survey reports issued according to demand.

4.  Routine publications

The format of a routine statistical publication and the pattern of its
publication arc mainly determined by factors such as: (1) the time required
to produce the publication, (2) the budget available, (3) the amount of
statistics that will be put into the publication and (4) the possible uses of
the statistics that will be published.
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The timing of a publication—that is. determining the periodicity of
issue of the publication, whether it is to be weekly. monthly. bi-monthly.
quarterly. hall yearly, ammual or bi-ennial- -is an important problem.
Publications should contain enrrent figures. On the other hand. a certain
amount of time will be required to colleet data. to process them and to
have the resnlts printed and distributed. General publications such as
bulletins and year books will have to be confined 1o snmmary statistics
for various reasons. A certain amount of time will have to be allowed
before statistics from varions sources are teceived and can be combined
and summarized.

To maintain the periodicity of a pnblication. cfforts will have to be
made to avoid bottlenecks and to minimize the time inteival hetween data
collection and printing results.  However. resultz should not be released for
printing nuless they satisfy certain quality standards.  Bottlenecks frequently
occur at the printing stage. This may be due to lack of good printing
facilitics, due to awaiting parts of the publication to be got rcady or due
to making corrections at the last moment.  Even after printing, dclavs can
occur before the publications are distributed for use.

Routine publications should maintain their continuity and wniformity
of coverage.  Firstly. therefore. concepts and definitions and classifications
should be uniform and standardization is unavoidable. Fven if the reference
period of a series is not of the same duration in each issuc of the publication,
continuity of the series will have to he maintained to kecp the scries
complete.

Since a number of pablications with different periodicity will be issued.
proper co-ordination of the publications at all levels, will be necesasry to
avoid duplication and to cnsure that a balanced and .up to date set of
information are available «t the national level.

Since demands for statistics change depending upon changes in economie
and social conditions, it will be necessary to revicw publication programmes
periodically. Such a review may be made kecping in view the following:

(1) elimination of nmmecessary publications, (2) ensuring that cach
publication retained nects a need, (3) improvements in the content and
format of the publications, (4) considering whether a new publication
deserves to be introduced or not, (5) standardizing publications whenever
possible.

5. Details of publication

Several organizational arrangements are necessary for the preparation
of publication material. When a draft of a publication is prepared, a
committee of experts may examine the text. tables and charts and help to
finalize the publication.
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In the preparation of publication material. details will have to be
attended to in ovder to ensure thai the tables. charts. computed results.
descriptive notes, technical notes and conclusions are priepared and arranged
in the most u~cful manner possible.  Attention will have to be paid to style
of writing. choice of titles and numbering titles. paragraphs. tables and
charts.  Arrangements for proof corvection, publication of errata. and
distribution and sale wil also be necessarv. ANl these details should be
covered in the publicatim plans and programmes that may be prepared
in advance.

Care should be given to the preparation of statistics in publications.
Base year periods. unmits, definitions and limitations in the data should be
carcfully explained in explanatory notes or in introductory pages. Very
often slatistical offices vefrain from repeating concepts and definitions in
every publication. In such cases. explieit reference should be made to the
publication where descriptions of concepts and methods used can be found.

[t is important to publish statistical data in a form that can be easily
understood by the readets. Too many details should be avoided. For
example, when publishing data on foreign trade. it is seldom neeessary to
publish the figures in units smaller than one million national cnrreney
units.  Similarly, population figures will. usually, be expressed in 000%.
The date to whieh the statistics refer should always be clearly indicated.
For example. population figures may refer to 1 January ov 1 July.
Agricultural stalistics may refer to agricultural vears. Fiscal years may
run over a twelve month period different from calendar years. The
beginning and end of such years should be indicated by a foot-note. For
example:  “Data vefer to fizcal years beginning 1 April of the year stated™.

Difticulty arises when the method of compilation of a series has been
changed, so that figures after the change are not strictly comparable with
figures before the change. The user may be wamed against such changes .
in methods, by suitable notes or other indication. Somnetimes provisional
figures vequiring ievision may have to be published in tables. Clear
indications of previsional figures and revised figures will have lo be made.

A statistical publication usually covers a small nmmber of years only.
Care should be taken that all series are shown for the same set of years,
beeause many users may wish to relate statistics on one subject to those
on other subjeets.

The scale in a chart should neither be so compressed as to reduce all

’ fluctuations, nor so crude as to cxaggerate the fluctuations in relation to

the fluctuations shown in other eharts of the same publication. It is

sometimes found that publications do not contain tables showing the statistics .
on which the charls are based, or the tables differ from the charts.

Sometimes, the period covered by a statistical chart is different from that

covered by the eorresponding table. Errors in units, particularly when

logarithmic scales are used, may easily oceur.

LRIC
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Any conclusion in the text of a publication should be substantiated
by statistics. Hence the text should not deviate from the tables. It is
not desirable to draw conclusions which the reader eannot verify from the
stalistics published.

Articles of a mathematieal type may require the printing of mathematical
symbols and formulae. It has sometimes been found useful to include all
mathenuitical formulae in appendices. After the publication of results of
a slatistical investigation. it may be found helpful to prepare a more popular
statement for the newspapers usually in co-operation with newspapermen.
The results when published in newspapers should be watched for accuracy.

As slatistical publications are used by international organizations.
universities, govermment agencies, and Dbusiness enterprises all over the
world, many countries find it uscful to publish English or French trandlations

of the headings of tables and explanatory notes, or to append a summary
in English or French.

Training on Topic 6.3

6. Lectures and discussions
(1) Presentation of the eontents of sections 1 to 5 above.

(2)  Consideration of a list of items of work in the publication section
of a selccted statistical oflice.

(3) Tamiliarization with sclected national statistical reports and
routine publications, in respect of the publication programmes behind them,
their format and get-up.

(1f possible, (2) and (3) should be carried out, in the context of aclivilies
in the publication scetion of a slatistical office, so as to ensure contact by
trainees with aclual situations.)

7. Exerciscs
Examples:

(1) () Organization of manuscript for publieation by consolidating
given Lables, chails and textual matter.

(b) Corrcction of proof-sheets (received from printer).
(c) Preparation of errata (after printing).

(2) (a) Rearrangement of a jumbled table of conlents of a statis-
tical report.

(b) Writing descriptive notcs based on given tables and charts.
8. Training material

Lecture notes. Excrcise sheets. Copies of specimen list of items of
work in the publieation section of a stalistieal oflice. Specimen statistical
reports and periodical publications.




Course 7

UTILIZATION OF STATISTICS

Training at the primary level need be concerned with only the first
of the two topics under this course. Trainees at the intermediate level
will go through the entire course. The objective is to provide acquaintance
with some of the general and analytic prollems involved in the use of

available statistics for specified purposes.

Many of the prerequisites to utilization are covered by other courses.
Thus. a general knowledge of the datistical series available within and
= <
outside the country and the broad purposes for which they may be used
are dealt with under Topic 1.2 and also Topic 9.J. Considerations of
factors affecting the quality of statistics that may be used are given in
Topic 1.9. Computational techniques for any reduction of statistics that
. - e
may be necessary prior to utilization are covered in Topic 5.2 mostly

through the exercizes under that topic.

Training will be given through lectures, discussions and exercices.
No separate demonstration is provided for; but during lectures, exereises

and dizcussions, case studies of utilization may be exhibited.

Conrse summary:

Number of hours proposed for instruction

Topic
Lecture/Discussion  Exercite Total
7.1 Some guides to wilizauon 4 2 6
7.2 Some methods in utilization 6) %) 14)
(for intermediate level only)
ToravL: 10 10 20 )
) 8) ¢5))

(The figures in brackets show hours 1o be spent by intermediate level personnel only)
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L TOPIC 7.1

Some guides to utilixation

1. Although published statistics carry with them a reasonable guarantes
of reliability. no user can afford to aceept them as a base for his deeisions
and aetions without knowing their meaning and limitations.  Secondly, he
should be able to ascertain the adequaey of the stalistics in respect of the
purpose in hand.  Apart from this. the user should know the methods of
utilizing them in the most cfficient manner with respeet to hiz problem or
purpose.  Ulilizing statisties in an eflicient manuer involves a knowledge of
the different statistical tools for analysis and interpreation of quantitative
information. whether besed on sampling or not. and of the different pitfalls
that are likely.

2, Some basic rules

A number of general rules may be given. which do not involve any
analytic method. but will provide guidance in making inferences and decisions
direetly on the basis of the slalistics available. Firstly, it is neeessary to
consider earcfully what statisties ought to be eollected for the purpose in
hand, what sources should exist and what are the existing souices of
information.  The existing sourees are then exmmined for suflicieney as
regards the problem in hand.  When the sources of information have been
seleeted, the next step is to anderstand the exact definitions of the enlities
and charaeleristics involved in the statisties. Thus the quesion may be
asked: What is a registered birth? or What is persoral income?

After the seleetion of slalistics eoncerning some eharacleristics. the
next question iz how are they related 1o the eharacteristies actually wanted;
how good are they as measures?

In dealing witlh summary figwmes such as averages, percenlages and
rates. one should examine whether the slandards of reference used are
appropriate for the purpose in hand. Thus a possible question is: Ilas
the birth-rate been reckoned per 1000 of the pupulation or per 1000 married
couples?

Before eomparisons are made between magnitudes, their eomparability
should be aseertained. Aceurale eomparisons can be made only between
elosely similar entities or over quite short periods.

Another point to be verified is the degree of accuracy of the statistics.
Are the results accurate snough for the conelusions based on them to be
valid? Conelusions about a reeurring phenon:enon based on isolated res' its
should not be relied upon, sinee teriporary fluetuations are likely to be
mistaken for permanent changes in such eases.
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Having determined the exact meaning and limitations of the statisties,
consideration should be given as to tne conclusions they can lead to, or
as to whether they are inadequate so that no valid conclusions can be based
on them without further investigation or clse without additional statistics to
fill up gaps.  Adjustments of the available statistics may have to be made
to suit the purpose in view, such as by filling gaps through estimation, or
by reclassification.

Sometimes. statistics available from one souree will not agree fully
with those for tle same purposc from another somrce. Methods of
reconeiling them, wherever feasible, and remeving any obvious discrepancies
may have to be adopted for proper utilization. Also, inconsistencies between
results of sample surveys and statistics of the by-produet type may lave
to be resolved.  When there is no regular method for deciding such cases,
those statistics which appear to be more accurate or reliable according to
the judgment of the user may have to be accepted.

3. Pitjalls to be avoided

Statistics may be handled differently by differant users, depending on
the experience, skill and objeetivity they possess. Statistics may be used
in the wrong way and for wrong purposes. Interpratations which are not
valid may be made on their basis. Some of the pitfails to be avoided in
using statistics are given below:—

(1) Changing defmitions: Shifting definitions in a statistical series
wonld make the items non-comparable and, if comparisons arc made of
magnitudes based on differemt definitions, the comparisons will not be
valid.  Examples of shifting definitions are: personal inesme, which might
be salaries and wages or income from all sources; and city population.
which might be population of corporation area or population of corporation
arca and suburbs.

(2) Misleading expressions: Either falsely to suppo.-t a claim or
unintentionally, invalid or exaggerated statements may be rade, quoting
statistics.  Thus onc may claim that, during a five-year plan period, 66
per cent of the hydro-electric projects were put into action (whereas there
were 3 projects ouly in the plan). If the number of workers laaving with
less than 3 months service falls from 500 to 300, it may only mean that
fewer workers were engaged in one quarter than in the preceding one.
Another type of misleading expression is contained in the following cxamples:
the average man was 28.9 years old in 1933, he is 35.3 in 1963, in 30
vears he has aged only by 6.4 years; men were buying 0.2 blankets per year.

(3)  Technical errors: Due to imperfect knowledge or negiigence.
technical crrors in data processing or presentation may be committed.
Examples are omission of weights in calculating an average of averages or
an average of percentages, or errors in units of measurcment or confusion
between natural and commion logarithms. Charts with scales magnified
unduly and usc of wrong formulace are further examples.
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{4) Inappropriate comparisons: Comparisons of magnitndes based
on different definitions may even lead to opposite conclusions.  Thus the
price of a commodity during the current weck may indieate a fall compared
to the previous week and a rise compared to the previons week last year.
The conelusion that average earnings went down by & per eent whereas
every worker was reeciving something more wonld seem absurd. if the
reason that higher paid positions were diseontinued were not taken into
account.

15y Misinterpretation of relationship: The fact may be iznored that
statistical evidence of relationship does not necessarily mean causal relation-
ship.  Thus it will be wrong to conclude that the priee of corn is dependent
on fever eases on the basis of a statistieal correlation, or to conclude that.
due to population increasing, the death-rate deercases.

(6)  Disregard of rariability: 'The average of a value without regard
1o the variability in the values whieh make the average. can lead to erroncons
conclusions. Thus it may be wrong to conelude that a vield of 50 units
per heetare is an exeeptionally high yield beeause the average yield is only
#45 units. ]t will be wrong to point out as an inconsisteney the faet that
in two regions people have average incomes nearly same, but one has many
poor people.

(7)  Wrong generalization:  Wrong interpretations may be made by
sencralizing results obtained from isolated eases or biased samples.

8V lunoring sampling error:  Fstimates based on samples may be
identificd with popuiation charactesistics, ignoring given measures of
sampling error.

19)  Statistics may be taken out of their eonteat and used to cstablish
a case or point.  Deliberate dishonest nses are not to be roled ont.  Thus
to establish that the ineidence of a disvase was very high, the number of
visits to hospital by patients, ineluding many visits by the same patient in
connection with one attack. may have been quoted. instead of the number
of persons attacked.

Training orr Topic 7.1

4. Lectures and discussions

11)  Presemtation of contents of sections 1 to 3 above.
{2) Examples of scleetion and examination for adequacy, of statistics
for different specified purposes. Examples of adjustments made to make

statistics adequate and usable.

{3) Examples of pitfalls of different types.
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5. Exereise

Example:  Selection of statistics for staled purposes, from statistical
publications and examination as to their adequacy.

6. Training material

Leeture notes.  Exercise sheet.  Copies of statistical publications.
Speeimen case studies in which statisties have heen selected from several
sotirees to wmeet different purposes.

TOPIC 7.2

Some methods in utilization

(for intermediate level only)

1. In ntilizing statistics; those selected may be directly used or they may
have to be subjected to further analysis before they can be interpreted and
serve the purpose required. The totals given in a population census report,
the estimates in a sample survey report, the totals of economic magnitudes
in a govermnental or international publication, and published index numbers
are examples of statistics that may be used directly without further analysis.
But if a life-table is to be construeted, if a special set of indicators is to
be calculated. if the trend of production of a commodity over several years
is to be determined, if a comparison of consumption patterns is to be made.
if association or corrclation between two characteristics is to be measured.
if the joint cflect of a number of related cliaracteristics is to be ascertained.
if cstimates based on sampling are to be compared, or if an assumption
or hypothesis is to be verified, the statistics available for the purpose may
have to be subjeeted to further analysis and interpretation. A number of
methods are available for analysis and interpretation in these and other
situations. The methods of analysis, which may be graphical or numerical.
may be broadly classified as thosc which are not based on sampling
principles and those which have to take into account fluctuations due to
sampling.

Some of the methods are briefly described below. Computational
techniques concerning these have mostly been eovered already in Topie 5.2
texereises).  The principles involved and methods of interpretation are to
be given emphasis under this topic.

2. Smoothing a series

Since it will be possible in practice only to obtain a few of the values
of a chavacteristic intended to measure a phenomenon, it will be necessary
to smooth out concentrations due to biases or other erratic fluctuations in
the values. in order to arrive at the general law of hehaviour of the

o chavacteristic.  This may be done in several ways: (1) by plotting the

P
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values and drawing a free-hand smooth curve, (2) by computing moving
averages of appropriate length, (3) by fitting a mathematical funetion and
graduating the values according to that function.

3. Fiuing a trend

The trend in a time series is the general pattern of change of the
magnitude in question, over a long interval of time. It may be determined
by: (1) drawing a free-hand curve over a plotting of the values. (2)
caleulating moving averages, (3) fitting a mathematical function. by a
niethod such as the method of ‘least squares’.

4. Construction of index numbers

Index numbers are a general class of indicators used for comparisons
over time, hetween localities and so on. Index numbers may be oblained
as ratios of individual values, of simple sums of values, or of weighted
sums of values, or may be arrived at as simple or weighted arithmetic or
geometric means of relatives. Thus a eonsumer price index may be
computed as a ratio of the sum of the prices of different consumption items
in one month and the sumn of the prices of the same items in another
month used as the base for comparison; the two sums of prices may be
suitably weighted by the respective quantities of consumption; the statistics
relevant for the purpose being retail price statistics based on market priees
and consumption pattern statistics based on family budget surveys. Some
of the common formulae used for the construction of index numbers are
Laspeyre’s, Paasche’s and Fisher’s formulae.

An important elass of indicators used in the analysis of time series
are index numbers of seasonal variation. They may be obiained hy a
graphical method, method of moving averages or some other method.

5. Concentration curves

The concentration curve, also known as the Lorenz curve is an effective
graphical means to represent and compare distribution patterns in respect
of characleristics such as income or commodity consumption. Suppose that
the data consist of the expenditure on food items by the different persons
in a community. These data can be rearranged in two columns with
expenditure on food jtems presented in ascending order of magnitude and
the number of persons shown against es i expenditure value. Two new
columns are worked out giving successivc, cumulated values eorresponding
to the original columns. These cumulated values are further expressed as
percentages of the total expenditure and total number of persons respectively.
The concentration curve will be obtained on plotting the results by
representing the cumulative percentage of persons on the horizontal axis
and the cumulative percentage of expenditure on the vertical axis. In this
representation, a line drawn diagonally through the origin will represemt
the line of cqual distribution and the departure of the concentration curve
ERIC
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from this line will be an indication of the disparily in expenditurc pattern
among the persons in the community.

A varialion of this curve is possible for representing two characteristics
instcad of one. Thus on one axis the cumulative percentage of persons
ordered according to expenditure on food, and on the other axis the
cumulalive percentage of expenditure on sugar may be represented. A
concentration curve so obtained will indicalc for instance, the percenlage
of amount spent on sugar by those persons who hel: ng to the lower 25
per cent class with respect to expenditure on food jtems,

6. Association, correlation and regression

Relationships that may exist belween two attribute characteristics are
technically referred to as association and thosc between two variables as
corrclation.

There are several methods of delecling association bctween two
aliributes.  These are based on a study of the two-way frequency table
icalled contingency table) that will be prepared from two-attribute data.
One of the summary figures used for measuring and detecting association
is the cocflicient of contingency.

The study of correlation between two variables may be made from
bivariate data in their ungrouped form, or grouped into a two-way frequency
table. The scatter diagram of the data is used to detect the existence of
correlation.  The extent of corrclation is measured by calculating a coefficient
of correlation. Another problem is the determination of the law of
relationship between two variables so as to enable the prediction of one
variable, given a value of the other variable. For this purpose, the
regression cquation is determined on the basis of bivariate dala,

When one variable can be viewed as a joint effect of several other
variables, the method of regression of one variable on another, is extended
i0 regression of one variable on a set of other variables. This is known
as multiple regression. Thus a multiple regression equation lo-predict the
export of textiles on the basis of production of jute, production of cotton,
domeslic consumption of textiles and the value of gold may be determined
using mullivariate data on these five characteristics.

7. Methods allowing for sampling

When the statistics have been based on sampling, necessary allowance
will have to be made for sampling fluctuations while making interpretations,
Many of the methods dealing with sample slatistics consist of calculating
measures of sampling errors and using probability distributions.

Thus the reliability of sample estimates of ' population characteristics
may be judged with the help of the standard errors of the estimates. A
sample mean may be comnpared with a population mean, making allowance
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for sampling error with the help of the standard error of the mean. Two
sample means may be compared taking into aceount sampling errors in
both the means by using the standard error of the differenee between the
two means. The association between two attributes may be tested from
a sample contingeney table, by evaluating the probability of a suitable test
criterion called the ‘chi square’. A correlation coeflicient calculated from
sample bivariale data may not indicate real cortelation in the population:
it will have to be judged along with measures of the sampling error in
the correlation coefficient, which in turn depends on the sample size.

Training on Teopic 7.2

8. Lectures and discussions
(1) Presentation of contents of scctions 1 to 7 above.

(2) Hlustration of such techniques for analysis mentioned in sections
2 to 7 as are not eovered by exercises under Topics 1.7 and 5.2.

(3) Ilustration of possible uses of the results obtained by analysis
mentioned in sections 2 to 7.

(4) Interpretation based on sample estimates, with the help of their
standard errors.

(5) Interpretation based on sample eriteria for testing hypotheses.

9. Exercises

Examples: (Simple exercises covering variely to be given. involving
preparation of noles based on interpretation).

(1) (a) Interpretation of statisties presenled in tables.

(b) Inlerpretation from charts (semi-logarithmic charl, coneen-
tration curves, scatter diagrams).

(2) (a) Construetion of index numbers from given serics,

(b) Calculation of seasonal indices after removal of trend
component.

(3) (&) Chi square test for association in contingency tables.
()  Standard error test for proportion and means.
(4) (a)r 'Tests for correlation coefficient and regression.
(b)Y Simple exact tests and analysis of variance for one-way
classification data.
10. Training material

Lecture notes. LExercise sheets,




Course 8

SUPERVISION OF STATISTICAL WORK

This course is for trainees at the intermediate level only. It is intended
to acquaint personnel who are to carry out supervisory work in statistical
offices with the functions and requirements of a supervisor and to provide
Aowledge about details and methods of efficient supervision. Of the two
topics umder this cowrse, the first is supervision in general while the other

is supervision of operations such as field work and data processing.

Training will be given through lectures, discussions, exercises and
visits. No class room demonstration is provided for. But during lectures
and discussions, specimen forms and charts used for purposes of supervision
will be exhibited. An important method of training in this course will be
demonstration during visits to selected places where supervisory work of
different types are carrcid out. If the trainee participates in project work
(appendix 1), he will have the opportunity to observe how the teaching

stafl earry out supervisory work of different types.

Course summary:

Numior of hours progosed for instiction

Topic - e
Lecture/ Exerase Visit Total
Discussion
S Supervision in
general 4 2 z S
52 Supervision of
operations + 4 -4 12
Toran: 8 [ 6 20
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TOPIC 8.1

Supervision in general

1. Statistical operations such as data collection, processing and presentation
involve the services of a number of primary personnel. To co-ordinate
and exercise conlrol over the work of the primary persomel, proper
supervision is necessary. To be able to supervise effectively, the supervisor
himself should know the joby of the primary worker thoroughly and in
addition have administrative and technical ability of a higher order. Some
supervisors will be required to perform a variety of statistical duties while
others may be specialized in particular statistical operations such as field
work or processing.

2. “General requisites

The supervisor should have the necessary education, experience, and
temperament suited to the type of work he will have to perform. In
addition to knowing the objectives, principles, procedures and other technical
aspects of the job that he is to supervise, he should have an intimate
knowledge of the subject field of the job. Thus a supeiwvisor who is to
look after field work in an a_ricultural survey should not only have technical
knowledge about the statistical techniques involved, but also be well
acquainted with local conditions. agricultural practices and factors aflecting
agriculture. The supervisor will have to maintain a high sense of respousi-
bility in order to instil a similar sense in his subordinates and to help
them adapt themselves to the tasks assigned to them. Supervisory staff.
like the primary stafl, will have to adhere strictly to the procedures and
instructions set. However, the supervisor should not insist on standards of
performance that are unreasonable. He should be able to recognize quickly
outstanding performance and provide incentives to encourage it. A good
supervisor will be understanding and tactful in his dealings with subordinates
but firm in his decisions on matters requiring corrective action. e should
closely observe the method of work of the primary staff and, when it is
faulty or imperfect, be able to demonstrate how to do it correctly.

3. Administration

The supervisor’s primary administrative function is to formulate and
direct the activities of the staff under him. To do this efficiently he will
have to maintain effective control and co-ordination of the different items
of work.

The supervisor, whether he works in an office or in the field, will also
have to perform many other routine functions since he has to handle staff,
material and equipment and at times. money. Ile should be able to draft
and issue wrilten directives, instructions and memoranda to subordinate staff
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and correspond throngh letters with various types of persons, organizations
and anthorities. on malters coneerning the job he supervises. Ife should
be capable of preparing organization ehats, designing forms for progress
reports and other control data, and writing brief reports about his job.

A Planning and 1egulation of worl:

Pechaps the most important part of the supervisor’s work is the planning
or seheduling of the job he is to supervise and implementing the plan or
schedule.  For this, he will have to resolve the job into a nnmber of elements
or operations, estimate the personnel. time and budget requirements. and
determine the flow of work and anticipate end results. Ile should also
ineorporate cfleetive eheeks on the quality of work. The implementation of
the plan will involve instruetions to the workers regarding the method of
doing the work and their responsibilities in doing it, alloeation of work
items to different workers, handing over of instruetion sheets and material
for work. visiting workers at the spot of work and giving necessary advice,
making arrangements for taking stoek of work eompleted, checking the work
for quality and finally putting in cforts to reetify imperfections and to rednee
gaps in work and time lags. if any.

5. Control

To ki re jobs executed aceording to a plan, the supervisor will have to
exeteise control in varions divections. For this, ‘observation’ on the work
itself is the best method. Maintaining an integrated and eomplete set of
reeords about various aspeets of jobs, would facilitate supervision work.
Some of the reeords that may be maintained are: inventory of work material
(data sheets ete.), work allocation registers, workers’ output diaries, maehine
log-books and staff movement eontrol veeord (in field work). Sueh reeords
wonld not only be an aid in routine eontrol during execution of the work,
but also will provide basie information for preparing progress reporls,
setting performanee standards, preparing budgets, assessment of wastage,
preparing incentive sehemes and various other purposes.

6. Training

The supervisor, apart from being required to eome to the reseue of
the primary worker whenever needed, should be able to impart training,
individually or in groups, for enhanecing efficicncy of the workers. He
should be able to prepare detailed instruetion manuals on the operations
and demonstrate systematie methods of earrying out the operations, where

neeessary, nsing instruments and other equipment and pointing out pitfalls
and preeantions.

Training on Topic 8.1

Lectures and discussions

=1

(1) Presentation of contents of sections 1 to 6 above.
Q

A

[
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(2)  Consideration of specimen lists of supervisor’s duties. sclected
from suitable statistieal offices.

(3) Consideration of specimen forms and charts maintained for
supervisory work. seleeted snitably,

8. Exercise

Example:  (a) Preparation of form for workers™ diary, for the following
types of routine work:

(f) Scrutiny of data
(if) Computation

th) Preparation of formn for register of work allocation to processing
staff.  (The baekground and specification of eaeh type of work will be
furnished. The information, when collected on the forms, should be useful
for purposes of eontrol.)

9. Visit

A chosen seetion. under the control of a supervisor in a statistical office.
with a view to demonstrate how a supervisor plans, co-ordinates, directs
and controls the work nnder his charge. I{ possible, arrangements existing
for training workers should also he demonstrated.

10. Training material

Leeture notes.  Exercise sheet.  Specimen lists of supervisor’s dutics
and speeimen forms and charts aiding supervision.

TOPIC 8.2

Supervision of operations

). Field work

In carrying out data collection operations by field work. ordinarily,
cach supervisor will be respousible for the work done by a group of field
workers. The supervisor himself may have to move from the headquarters
and maintain a eamp offiee. The supervisor’s responsibility will be firstly
to ensure that the workers have fully understood the instruetions for data
colleetion and that they will be able 1o do this in full aeeordanee with the
requirements placed on the data to be eollected. To statisfy himself on
this aspect he may make each worker eomplete a few experimental data
sheets by field work. e should be able to provide instruetions, elarify
doubts and demonstrate correet methods, by aecompanying each worker to
the spot of observation in the initial stages. Seeondly, he should make
sure that they are fully equipped with copies of data sheets, instruments.
note hooks, writing boards and other material and equipment.
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The next function of the supervisor will be to assign specific amounts
of work that each worker will have to complete in a specified time period.
Field workers may be asked to report to him each day, if possible. to
hand over completed date sheets. to present any problems confronted and
to seck clarification.

Data sheets 1eturned by field workers should be checked by the
supervisor as soon as received. and any incomplete or wrong entries shonld
be refererd back inmediately for rectification.  When it is not possible for
a supervisor to check all the data sheets returned to him. he may check
them on a sampling basis. paying more attention to those workers who
are likely to produce relatively poor quality naterial. Se also, a check
on the physical movements of field workers. guided by the movement eontiol
sheet that he may maintain could be made on a sampling pattern.

The supervisor will have to attend to problems such as providing
substitute field stafl in case of absence due to ill health, or otherwise, of
workers.  He will have to advise workers on matters such as modes of
travel and time suitable for contacting respondents. 1e may also have to
interpret and decide on matters on which the written instructions are silent.

It will be the duty of the field supervisor to despatch to the head
office completed and checked data sheets according to the instructions.
withont any delay.

Different supervisors engaged in an investigation may consult one
another on problems of common interest. The supervisor should keep in
touch with the head office by visits. or by sending periodic reports if he
is far away.

An important function of the supervisor will be to collect a part of
the data independently by himself and thus place a check on the reliability
of the data colleeted by his workers. 1n some cases. as in a erop cutting
experiment, the supervisor may have to be present at the spot of observation.

2. Processing

In processing work, the supervisor will be concerned with one or more
of the following items of work: (1) receiving. storing and handling of
data-sheets. (2) scrutiny and editing of data sheets including coding
operation. (3) transfer of data to punched cards or to working sheets. (4)
computation. In these, the supervisor is expected to have the operations
carried out by the primary workers by exercising control over the accuracy
of resnlts. by setting up fool-proof and uniform methods and achieving
ceonomy in terms of time. personnel and resources.

It is the function of the supervisor to classify the range of processing
operations into the most advantageous divisions and determine the sequence
of the different stages of work. For this, he should know the quality and
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quantity of work that ean be expeeted in a specified time, for different
alternative proeedures that may be possible. e should be able to decide
which items of work it will be economieal to perform manually and which
mechanieally.  So also he should be able to allocate eaeh item of work to
the right type of worker and regulate the flow of work, avoiding bottlenecks
and idle hours.

llis own experienee and past performanee data will enable him to
preseribe standard output or time rates for the different elements of cach
operation, ‘These he will 1is¢ to evaluate jobs, to prepare time estimates
and judge worker and maehine performanee. Progress reeords of individual
operations and informative eharts will be maintained wherever possible for
routine eontrol.

In computational work, the supervisor should be able to prepare the
most cflieient lay-outs, preseribing short-eut methods where possible and
providing built-in eheeks. He should be eapable of deteeting mistakes
quiekly and as a routine, eonduet sample eheeks on nnmerieal work.

The supervisor will also have to earry oul a eontinuous appraisal of
workers, teechniques, cquipment, and other material from the point of view
of maintsining a high level of effieiency.

He should ecnsult and work in unison with co-supervisors in the same
officc who handle similar or allied operations to ensure wniformity of
procedures and results. Material proeessed from onc seetion under a
supervisor will often have to pass to another seetion for a further stage
of proeessing. Co-operation and eonsultation between the supervisors of
the elearing section and reeeiving seetion are also essential for smooth
flow of work. (The =hove apply equally whether processing operations are
manual or by punelied eard methods.)

3. Presentation and publication

The preparation of final tables and eharts, out of proeessed data, for
presentation purposes also require supervision, espeeially in large-seale work
involving a number of workers, or punched eard maehines. What counts
most in a supervisor looking after sueh work is his teehnical knowledge
and craftsmanship and ability to obtain uniform results of high quality
from different workers, whieh when put together will give a set of effeetive
tables and eharts. A supervisor of charting should himself Le a good
draftsman.

Supervision also assumes importanee in offices concerned with the
publieation of statisties, Co-ordination and eontrol of aetivities sueh as
preparation of manuseripts for the press, proof eorrection, preparation of

Qo crrata and distribution of the publications will be neeessary.

LRIC
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. Compilation processes

When statisties are compiled from records which arise as by-products
of administration, and the compilation work is nndertaken by the same
office which produces the records, the snpervisor of compilation will have
to perform a variety of functions. ‘This is so becanse such offices often
do not have full-fledged statistical sections with techmical experts in different
aspeels of statistieal work. The supervisor will then have the additional
responsibility of the techmician. The functions of planning, exeeuting and
reviewing the compilation work will be his responsibility. A versatile and
competenl supervisor will therefore he necessary is look into the varions
aspects of compilation work. A snpervisor in snch a position may have to
scenre advice on technical matters from technicians in statistical offices.

lHe should have good background knowledge of the wmaterial used
for compilation, be capable of preparing compilation schemes including
data sheets, and divecting the operations of data extraction. proecssing.
presentation and publication (sections 2 and 3 above).

Training on Topic 8.2
5. Lectures and discussions

(11 Priesentation of eontents of sections 1 to 4 above.

i2)  Detailed examination of supervisory methods in: (a) fieldwork.
th) processing work. (¢) presentation and publication work.

(3) Detailed examination of supervisory methods special o a
compilation office.
0. Exercise
Examples:
(L) Preparation of the following for a specified investigation:
() field work progrannnes
it} field workers’ dairy form

uii)  field workers’ movement control sheet.

2)  Preparation of the following for a specified investigation:
1 2 g
(i) flow-ehart for processing work.
(if) progress chart eoncerning an operation.

(itf)  budget estimates for a specified job.
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7. Visits

(L1 The section under a supervizor dealing with field work in «
statistical organization. with a view to demonstrating supervisory functions
and methods relating to ficld work. In addition. if possible a spot where
the field work is carried out in the presence of a supervisor. as for example
in a crop cutting experiment.

(2)  The scetions under supervisors. engaged in: (a) data processing
and (D) presentation and publication. in a statistieal office. with a view
to demonstrating supervisors work concerning those activities.  An oflice
which has a scparate charting section should be chosen. if possible.  The
statistical office selected may be one engaged in large-scale compilation
work. preferably using punched card machines.

8. Training material

Lecture notes,  Exercize sheets.  Specimens of forms used for control-

ling field work. flow charts used in data processing. cost cstimates for jobs,
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Course 9

STATISTICAL ORGANIZATION, CO-ORDINATION
AND STANDARDS

This course is for trainces at the intermediate level only. The main
purpose of the course is to provide knowledge about the statistical syslem
of the conntry. the net-work of agencies furnishing the varions lypes of
statistics. how their work is co-ordinated to form an integrated system
and what important statistical serics arc produced. Trainces should, in

particnlar, know the role that their own statistical offices play in this system.

In order to provide the necessary background, the following also will
be briefly covered: functions of a national statistical system. tvpes of
statistical systems, types of statistical offices. national statistical co-ordination.
co-ordination procedures, statistical standards, legal provisions and acquain-

tance with international statistical activities.

Training will be given wiih the help of illustrations drawn from
national activilies and through lcclures, discussions, exercises and visits.
No separate demonstration other than those during visits is provided fors
but during the training, atteniion will be dvawn to material showing the
structure of the national statistical system and the working of statistical

offices. as also to national statistical pnblications and scries.

Course summary:
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TOPIC 9.1

Statistical systems

i.  The importance of statistics and the demand for them in the cconomic
and social activitics of governments have led to the growth of national
statistical services. Different couatries may have different types of statistical
svstems. A\ national statistical system covers all oflicial statistical activitics
in the conntry and includes organizations such as central statistical offices.
specialized statistical oliices in ministries or departments. statistical offices
in the political sub-divisions of the countrs and cven official statistical
committees or boards.

2. Functions of e nationel statistical system

The main iimetion of a national statistical system is regularly to collect.
compile and publish an integrated set of statistics relating to the ceonomic
and social struclure and activities of the country. The first task of the
system is therefore to determine what statistics are required and how best
to produce them. In this task. a periodic review of the statistics beiny
produced will be neeessary. ‘Traditional statistical series may have to
be improved. supplemented and mutual connections between the series
established. 'This will require research and special studies. To develop
integrates] statistics, the national system should have a general plan which
will have to be prepared in consultation with the various users of statisties.
The plan should aim at co-ordination of the different statistical agencics in
the country by recommending common definitions, classifications and
techniques. proper coverage and comparable time references.  Gaps in
current slatisties and the prioritics with which they are to be filled should
he indicated.  The plan should ensure that information is not unnecessarily
duplicated by different agencics and that money is not spent for statistics
which do not meet a definite eurrent or prospective need.

Among the other functions of a national system are: (1) Development
and issue of statistical standards adapled to the country’s necds. These
will consist of standard definitions. standard classifications and standard
statistical mcthods.  {2) Research in statistical operations and techniques.
13) Co-ordination of statistical activity of different national officcs. ()
Training of persomnel.  (3)  Maintaining  quality, including  integrity.
independence and objectivity of statistics.  (6) Participation in international
slatistical activity.

3. Types of statistical systeus
Different types of national slalistical syslems are in existence.

(1) A decentralised system of various national statistical offices cach
specializing in a subject fickl. control and co-ordination being at a minimum.
A commitler may only be responsible for overall national statistics.
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131\ centralized system with a major operating office for general
statistics and specialized offices under a co-ordinating authority.  Co-ordina-
tion of activities of specialized offices in individnal departments, may be
the tesponsibiliiy of the central office or another co-ordinating anthority.

b A fully centralized system consisting of one central statistical
office responsible for all statistics.  Such a system has the advantage of
locating technical knowledge and equipment in one place making co-ordina-
tion a simpler process. To protect the objectivity and independence of
the statistics produced. a national council may be established with control
over the central office.

4. Types of statistical offices

The different statistical agencies or oflices in a conntry may be classified
as follows:

thy  Largescale field organizations such as those for censuses and
sample surveys.

12)  Large-scale data processing organizations.

130 Agencies concerned with statistics arising as by-products  of
administratior

1-hy - Specialized statistical organizations such as statistical oflices in
departments of agriculture. and industry.

{531 Central co-ordinating offices.
o

16} Central statistical oflices with operating responsibilities.

Training on Topic 9.1
5.  Lectures and discussions
(1) DPresentation of the contents of sections 1 to 4 above.

(2)  Providing a descriptive account of the statistical system of the
country. indicating the type, structure and the varions funetions performed.

131 Providing a list of the statistical offices and other institutions in
the country. giving descriptions of their organization and functions, the
statistics produced by them and the publications issued.

(«b)  Familiarization with the important statistical series of the country. '

(5)  Presentation of brief deseriptions about the activities and
publications of international statistical offices, such as those of the United
Nations and the Specialized Agencies.
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6. Exercise

Example:  Writing a description of the statistical oflice to which the
trainec belongs, indicating its place in the national system, organizational
set-up, nature of work, and results produced; preparation of organization
chart of the statistical office.

7. Visit

A statistical office producing statistics on a large scale, with a view
to understand the organization of the office, the different divisions and
sections in the office and the flow of work within the office.

(43

8. Training material

Lecture Notes. Exercise shect. List of statistical oflices and other
institutions in the country. List of important national statistical series.
List of important international statistical series. Organization charts of
sclected statistical offices.

TOPIC 9.2

Statistical co-ordination and standards

1. The statistical system in a country may be either centralized or
decentralized depending on the degree of overall control and co-ordination
existing in the activities. Co-ordination is necesasry for obtaining an
integrated system possessing efficiency as well as uniformity in methods and
results. Statistical standards are a means for achieving uniformity in
statistical rezults.

2. National statistical co-ordination

In most countries, especially those -vith a decentralized statistical system,
a number of more or less independent agencies will be concer:ted with the
production of statistics. Co-ordination of the activities of those agencies
is necessary to minimize inefficient ulilization of technical knowledge,
duplication of work; gaps in information and excessive budgets and to ensure
that the most useful set of statistics is produced, at the national level.
National statistical co-ordination would be concerned with co-ordination of
hoth the statistical services in the country as well as the statistics produced
by them. Special legislation may be required to givé the co-ordinating
agency sufficient power to operate and to secure the co-operation of the
different statistical offices. The type of cc ..dination needed would vary
according to the structure of the statistical system prevailing in the country.
The nature of the system will determine whether co-ordination is to be based
on legislation or internal directives, whether there should be a council of
deparimental representatives or a committee, whether co-ordination should he
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effected on a legal basis or through voluntary co-operatiion. Co-ordination
will affect all producers of statistics in and outside the government. whatever
be the type of statistics produced or kind of statistical operations performed
by them. as also the users of statistics. Co-ordination plans should therefore
pay attention to the diflicultics and problems of the producers as also take
into account the needs of the uscrs.

3. Co-ordination procedure

For satisfactory co-ordination, the responsibility will have to be fixed
on some one pcrson or organization enjoying legal authority. autonomy.
technical capacity. and the co-operation of all concerned. Co-ordination
may be exercised through: (1) central co-ordinating office, (2) national
statistical council, (3) co-ordination committee, (4) national statistical
conferences.

The different measures for co-ordination will include: (1) planning work
progranmes, (2) reviewing data sheets, (3) establishing statistical standards.
(4) selecting and exchanging personnel, (5) preparing and issuing co-
ordinated statistical publications such as vear-hooks.

The achievements of a co-ordinating agency require periodic review
and can be judged from the following: (1) the nature of the plan for
national statistics, (2) technical quality of methods, (3) extent of
duplication of work and expenditure, (4) consistency and comparability
of data. (5) extent to which users’ requirements are met, (6) timeliness
of release of statistics.

4, Statistical standards

Statistical standards are necessary for the maintenance of quality levels
and comparability of statistics. Statistical standards differ in detail
according to the subject fields to which they relate and the particular purpose
the statistics are intended to serve. Broadly they fall into the following
three groups: (1) Standard definitions. such as those of employnent,
household, and establishment, (2) Standard classifications such as those
of economic activities, trade commodities and diseases, (3) Standard
methodology, such as methods for construeting an index of industrial
production and methods of presenting sampling errors of estimates.

National standards will have to be adapted to suit the country and may
differ from international standards. However for intcrnational compara-
bility, national statistics released for international use should conform to
international standards.

Standardization being a new development, the situation in most cases is
one of adopting standards where none exist. In this respect standardization
will be a step towards improving the quality of statistics. The advantages
will be more if standardization is not confined to individual fields, hut
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extended to velated fields. Thus it should be possible to use the same
definition of a houschold. both in a survey of housing conditions and in
a demographic survey: or the same commodity classifications in a survey
of production and in a survey of distribution.

Standard classifications are usually accompanied by standard code
figures. The adoption of standard classifications therefore obviates the need
for constructing diffcrent code lists from time to time.

There are now available international standards in different subject
fields. These are designed to fit the economies of most countries as they
are evolved ont of national standards. In standards of clasisfication the
categories arc imajor groups which are further sub-divided into minor groups.
Thus the standards afford some flexibility for expansion and contraction
of classification categories. The decinal system of numbering categorics
facilitates coding.

5. Legal provisions

The execution of statistical policies and the organization and develop-
ment of statistical systems can be considerably strengthened by legal
provisions for the collection and publication of statistics. Legal anthority
in this respect may take the form of acts of parliaments and legislatures,
ordinances. statutory rules and regulations, decrees, or administrative
directives and instructions: it may also arise out of international treaties
ov agreements.  Such legal provisions make it obligatory on the part of
individuals, public and private enterprises or other bodies concerned, to
furnish information and at the same time they protect the respoudents from
non-stat, tical uses of the information supplied by them. In most.countries
there are laws regulating statistical activities.

Training on Topic 9.2
6. Lectures and discussions
(1) Presentation of the contents of sections 1 to 5 above.

(2) A detailed review of the situation in the ecountry with respect
to: ta) measures taken for co-ordination. (b) statistical standards adopted
and (¢) lcgal provisions existing.

(3) - Familiarization with: (@) publications containing national and
international statistical standards and (b) national statistical acts and other
legal provisions.

. Exercise

-1

Examnle:
Sxample:

(@) Attempts at definitions of concepts such as productivity, sickness.
unemployment, family, dwelling unit, in specified contexts.
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Compiling accepted definitions of these concepts from published

3 standards.
- (by  Preparation of code lists for a set of given characteristics to
suit a specified investigation.
F 8. Fisit

A statistical ofiice engaged in co-ordinating the statistical work of other
offices, with a view to gaining knowledge about statistical standards and
about steps taken to co-ordinate statistical services and statistical publications.

9.  Training material

Lecture Notes.  Exercise Sheet.  Copies of national and international
standards. standard code lists and statistical acts.

ERIC
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Appendix 1. PROJECT WORK

1. The project work which would form an important part of the
training is intended to provide an insight into the inter-relations of the
different operations in a full piece of statistical activity. This part of the
training need be given only to those who are undergoing full training
either through Courses 1 to 7 or Courses 1 to 9. It should have full
demonstration value and at the same time be capable of giving the trainee
some experience. The project will have to be carried out as a whole and
be directed by the teaching staff who will also have to take over such of
its stages as are beyond the capability of the trainees. But each trainee
should have the opportunity to participate in as many items of the project
work as his technical and general ability permits and to observe other
items of work being carried out by others, in order to obtain a complete
understanding of the nature, sequence and inter-connections of the different
operations.

The project chosen should be as representative as possible of the various
aspects of statistical work. For example, it may involve two types of
statistical individuals (e.g. houseliold and person) ; the characteristics 1o be
observed may be such that some of them require measurement, scme counting,
some personal estimation and some interviewing a respondent; the data
sheets to be used may be a combination of schedule and questionnaire.
From the point of wiew of both simplicity and providing expericnce in
sampling, it is desirable that the project should be a sampling investigation.
Experience in field work will in general be more valuable for the trainees
than in collecting data through the mail or by abstracting from records.
and therefore, the project could be one which involves field work. A
family budget enquiry, a survey of housing conditions, an opinion survey,
a survey of manufacturing establishments or a survey of labour conditions
or a similar investigation would be very suitable. On the other hand, if
the trainees in a particular session are mostly those concerned with routine
compilation work only, a compilation project involving data collection from
records or by mail enquiry may be adopted instead.

3. Considering the total time available, the project has to be a brief
one, involving only about 25 data sheets per trainee. It is desirable that
it be undertaken from almost the beginning of the training and made to
proceed side by side with the different Courses. Except for data collection,
if it requires field work, all items of work coneerning the trainees can be
done in the class-room. in short sessions. As regards items of work other
than data collection (field work or others, the project work can be divided
into 20 stages as detailed below. a period of approximately 2 hours being
spent on each stage. The stages to be taken up with each of the different
courses is shown in table 1 (page 4).
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—

4. 'The processing of dala collected should in any case be done initially
7 by manual methods. using desk calculators. Punched eard maehines. if
available, may be utilized only for incidental demonstration and to duplicale
and cheek the work done by the trainees, unless special training in punehing
and machine operations is intended as part of the training.

5. ltems of work which are beyond the trainees ability, such as
sampling design and report writing, if any, should be taken over fully by
the teaching stafl.  To guarantee the quality of work, they should also step
in al different stages of work, for purposes such as remodelling and
finalizing data sheets, instructions for data collection, and lay-ouls of lables,
charts and computation forms. While each trainee is required to participate
in as many items of work as possible, small convenor groups of trainees,
to assist the teaching staff may be formed in respect of different items of
work, such as: 1) design including making data sheet and instruetions.
2) serutiny, 3) tabulation, 4) analysis, 5) contro) and progress, 6) echarling
and 7) report-writing,

6. The sessions corresponding lo the twenty project stages are described
below:—

(If the projeet undertaken is not one involving sampling or field work,
sessions 5 and 6 will not be necessary. Besides, some other scssions may
be reduced in duration).

(1) The announcement of the project work is made. Its purpose, an
outline of work and the programme are indicated. The charae-
teristics involved, the method of observation and other details
are discussed in a general way without entering into technical
details. Each trainee is asked to prepare a list of suitable
characteristics and present the list at the next session together
with his proposals with regard to the individual to be observed,
the method of observation and problems anticipated in conducting
the investigation.

t2)  The list of characteristics and proposals submitted by the trainees
are discussed and a choice made of the population characteristics,
the characteristics for observation, the individuals, the me:hods
of obscrvation and the methods of data colleccion. The ceavenor
group responsible for designing is asked io consult teaehing stafl
and present at the next session a revised list of eharacteristics.

(3) The list of charaeteristics prepared (copies of which are made
available to all trainees) is considered and discussion is continued
in terms of the coneepts, definitions and procedures to be settled
before preparation of data sheet and instructions are attempted.
Details of designing the data sheets and preparing instructions

Q are reviewed. The convenor group concerned is asked to submit
EMC a draft of the data sheet and instruetions.

Aruitoxt provided by Eic:
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(h

(6

(8)

9

Copies of the data sheet and instructions prepared are made
available to trainees. disenssed and improvements snggested.
(The converor group is asked 1o prepare a revised data sheet
and instructions and the teaching staff would take over the draft
from the them for remodelling and making a few provisional
copies.)

The type of sampling to be adopted is suggested by the teaching
staff and the sampling procedure is broadly explained. The
question of choosing a suitable frame is discussed. A decision
is made about the frame to be used and the iethod of making
the frame available.

Depending on the sampling procedure and data collection method
the trainees cither obtain or construet afresh. the necessary frame.
The frame is cheeked for being complete and up-to-date.  The
sampling units are then scleeted according to the procedures
speeified. and the list of sampling wnits prepared.  (If a list of
the frame is not necessary in advance for data collection. this
stage is to be omitted.  On the other hand, if a frame is to be
constructed afresh, more time shounld be allowed).

Copies of the provisional data sheet and instructions for filling it
are made available. The data collection procedures are discussed
by considering the instructions, one by one. along with the
corresponding item or guestion on the data sheet. The plans for
a try-out of the data collection are discussed. (Each trainee
studies the instructions thoroughly, obtains clarifications from
the teaching stafl and eompletes two eopies of data sheet during
the try-out. outside class hours.)

Programmes and plans for data collection. for receiving and
serutiny of data sheets. preparation of tables and eharts, analysis
and report writing. if any, are discussed in a general way and
the different groups responsible for these items are asked to
prepare provisional programmes and plans for presentation at a
future session,

The results of the trv-ont are considered. Difliculties experienced
during the try-ont and imperfeetions noted in data sheet and
instructions are reviewed. (Incorporation of changes found
neeessary and the finalization of data sheet and instructions.
including printing. are taken over by the teaching staffl.}  Changes
in data sheet affecting the provisional programmes and plans
prepmed in stage & are also noted during discussion by the
respeetive groups.

and (11} The different programmes and plans piepared by the

aroup arve discussed and accepted for finalization. The group
responsible for control and progress is asked to prepare a survey
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calendar. making provision for work alreads done. (Data
collection commences. Data sheets are returned without delas
to the scrutiny group when duly completed.)

(12} When about one-fourth of the total number of data sheets have
accumulated. the seratiny work is started and shared between
all the trainees. one rainee serutinizing data sheets filled in by
another. A discussion based on the findings of the scrutiny done
during: the session takes place and any change in procedure found
necessary is communicated to all concerned.

(13)  Completing scrutiny of data when all data sheets have been
returned.  Rejected data sheets. if any, are retwrned for fresh
collection of data. The data sheets are arranged in order.

(143 General review of data collection and scrutiny already completed.
Further work to be done and plans for allocation of sorting.
summarizing. computation and other work, are discussed.

(15). 16y and (17) Manual sorting and preparation of swmnmar
tables,  (When this stage is completed. the data sheets may be
released for punched card work. if processing is to be duplicated
on punched card machines.)

t18) and (19)  Computation and preparation of final tables and charts,

(200 Results of analysis are diseussed and interpretation is made.
The scheme for presentation of vesults is discussed and decided.

(The results of the project will be consolidated by the teaching staff
and put in, the form of tables and charts with notes, or of a full report
eopies of which will be made available to the trainees. when prepared.)

Appendix 2. EQUIPMENT AND TRAINING MATERIAL

(For training a batch of thirty persons)

L. In order to conduet the training efliciently. adequate training facilities

by way of equipment and training material are essential.  Faeilities available
in statistical offices and other statistical institutions in the country may bhe
used as far as possible. 1lowever. considerable preparatory work will have
to be done to provide the necessary training material and acquire equipment.
The equipment and training material should be ready and reviewed well
before the training begins.

2. The minimum equipment and training material requirements are
indicated below. Additional items. which are desirable but not essential,
are also shown. Equipment would involve eapital expenditure. while
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expenditure on items such as stationery would be of a recurring type. The
list of training material may require revision from session to session, The
cstimates are given, on the basis of 30 trainees per session.

3. AccoMMODATION

1. Classrooms for lectures. demonstrations and laboratory work with
black-board and other furniture and fittings.

1. EouipMENT
1. Mininuan list Number

1. Manual calculators—(1 per trainee plus 5 for demnons-
tration/snbstitution in the case of breakdown)—-total: 35

2. Electric Caleulator—(for demonstration) .. .. .. ]

3. Mathematical tables—of squares, enbes. square roots.
reciprocals. logarithms, etc.

Example:
({) Barlow'stables .. .. .. .. .. .. .. 35
and (7) Chambers’s or Castle’s (logarithm) tables .. 35

4. Statistical Tables:

Examples: <

t{) Fisher and Yates e e e e o 3
(i£) Biometrika tables e e e e e 3
(7if) Raudom number tables .. .. .. .. .. 35
5. (a) Dice (20 faces, for gencrating random wmnbers) 35
(b) Dice (6 faces) .. .. .. .. .. .. .. 35

(¢} Playing cards (for demonstratisu of probabilistic

ymg I

problems)—sets .. .. . .. .. .. .. 6
6. Drawing instrument sets ., .. .. 0

(including pantographs (lettering sets}, drafting ma-
chines, planimeter, drawing board and tracing table)

7. Copying machine (for reproduction of charts, etc.) L
8. Printing (mimeo) wmachine .. .. .. .. .. .. 1
9. Typewriting machine .. .. .. .. .. .. .. 1
10.  Connters e e e e e e 3
1. Stopwatehes .. .. .. .. .. .. .. .. 3
12. Serial Numbering machine .. .. .. .. .. .. 2
13.  Slide projector .. .. .. .. .. .. .. .. 1
14.  Other equipment (such as weights and mecasures.
balances, crop-cutting instruments for field work)-—
sets .. .. L. L. 0 L oo e e e 6
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2. Additional equipment desirable
15.  Abacus .. .. . 6
16. Slide sules .. .. .. .. .. 6
17. Movie projector .. .. .. .. . e 1
18. Tape recorder (for reproducing interviews. cte.) .. ]
19.  Stereographer e e .. .. 1
20.  Punched card machines unit (on rental basis, if not
borrowed)
(1) punches and verifiers (7-+-5) .. .. .. . 12
() Sorters e e e e . 2
titf)  Tabulator (total transferring type) . 1

5. Surerigs— Stationery and other recurring items (per

6.

l.

Minimuam list

1. Stencils

2. Paper, (printing, copying, typing)
3. Paper, (squared, graph)

4. Ink. (printing, drawing, colour)
5. Other items.

Additional items

1. Photographic films and material
2. Recording tapes

3. Punched cards

TRAINING MATERIAL®

I

* The material required for training on cach topic 1 shown separatdy. in the carlier pages,

Mininaun list

1. Training manuals and lecture notes specially prepared to suit
the country’s needs, for different topies in the syllabus.

2. Work-cheets or practical ex: -eises (laboratory work as well
as field work). These sheets should contain selected exercises
and hints for working out the exercises, with provision of
squaled and graph papers to work out the exereises.

in the last section under each topic.

session)
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e s — e [P — e C e

S 3. Sillabuses. training programme. reference lists, instruction
\ sheets. information sheets, ete.

4. Demonstration materials, such as schedules and questionnaires.
instructions for inveetigation. punched eard designs. town and
viliage maps. tabulation lay.outs and apparatuses. as neeessar.

F for the different demonstrations.

5. Wall charts and slides for display and illustration. such a-
organization charts. survey calendar. types of graphical
representation. ’ :

6. Statistical publications-—Copics of statistical reports, hand-
books and manuals of the United Nations. FAQ. WHO and
other organizations. elementaiy text books for reference (at
least 2 of cach)

[0

Additional items

7. Photographs and movie filws
8. Tapes (recorded)

9. Aerial photographs.

7. Note

Adequate provision should be made for repair and maintenanee of
calculating and other machines.

Appendix 3. PUBLICATIONS FOR REFERENCE

Only a selected. and not an exhaustive. list of publications is given
here.  The list is to be made up-to-date from time to time. The publications
are not to be prescribed as texts for study.

(National publications which are not given here are to be added 1o this .
list. as necesszary),

1. Books

I. Arkin. H. and Colton. R. R. ..  Statistical Methods

2. Croxton. F.E.and Cowden. D.J.  Applied General Statistics

3. Mounsey. J. .. .. .. .. Introductionto Statistical Caleulations

4. Wallis. W. A, and Roberts. H. V. Statistics. A New Approach

5. U.S. Department of Commerce.

Burcau of the Census .. .. Manual of Tabular Presentation
6. Schmid, C. ¥. .. .. .. .. Handbook of Grapbic Presentation
7. Yates, F. .. .. .. .. .. Sawpling Methods for Censuses and
Surveys
2. Statistical and mathematical tables

1. Couwrrie. L. §. (editor) .. .. Barlow’s Tables '

Q 2. Pryde, J. (editor) .. .. .. Chambers’s Seven Figure .
EMC Mathematical Tables
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3. Tippett, L. H. C.

4. Fisher, R. A. and Yates, F. ..

_{Il

Pearson, E. S. and

Hartley H. O. (editors)

Random Sampling Numbers:
(Tracts for Coniputers, No. 15)

Statistical Tables for Biological.
Agricultural and Medical Research

Biometrika Tables

3. [International publications an methads

1. UN Statistical Office
2. UN Statistical Office
3. UN/FAQ ..

4. UN Statistical Office
5. UN Statistical Office
6. UNESCO ..

8. UN Statistical Office

9. UN ..
10. ECAFE

11. UN Statistical Office

12. FAO ..
13. FAO ..
14. FAO ..
15. ILO
16. I1LO

17. UN Statistical Oflice

18. UN Statistical Office

Handbook of Statistical Organization.
{Series F)

A Short Manual on Sampling
(Series )

Handbook on Data Processing
Methods

Industrial Censuses and Related
Enquiries (Series F)

Principles of Statistics of External
Trade

Manual of Education Statistics

Problems and Methods in the
Gathering of Representative and
Comparable Wholesalc Prices

Coucepts and Methods in Statistics of
Distribution (Scries F)

Index Numbers of Wholcsale Prices
A Handbook on Agriculture Census
Techniques in Asian Countrics

The Preparation of Sampling
Survey Reports

Estimation of Crop Yields

Methods of Collccting Current
Agricultural Statistics

Sampling Methods and Censuses.
Part I, Collccting Data and
Tabulation

Methods of Family Living Studies

Methods of Compiling Statistics of
Industrial Disputes

Handbook of Population Census
Methods (Scries )

Handbook of Vital Statistical Methods
{Series I)

(For other publications, rcfer UN Statistical Office, Dircctory of

MC methods) ).

International  Standards for Statistics (including a bibliography on
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. UN Statistical Office

2. UN Suatistieal Office
3. UN Swatistical Office

4. UN Siatistical Ofiice

n

4. International standards

International Standard Industrial
Classification of all Economic
Activitics

International Standards in Basic
Industrial Statistics

International Standard Definitions
of Transport Statistics

Standard International Trade
Classification

WHO ee e+ e . .. Manual of the International Statistical

Classifieation o. Discases. Tujuries
and Canscs of Death

6. O .. .. .. .. .. .. I«nternational Standard Classification

-1
.

of Occupations

UNFAO .. .. .. .. .. Wold Weights and Measures:

Handbook for Statisticians

(For other publications, refer UN Statistical Office, Directory of
International Standards for Statisties).

5. Publications containing international statistics

UN Staristical Qffice

A s e

1.0

S

$s

FA0
9.

AT
10.
I1.
12,

WHO:
13.
1.

ECAFE
15.
16.

Statistical Yearbook

Demographic Yearbook

Ycarbook of National Accommts Statistics
Ycarbook of International Trade Statistics
Monthly Bulletin of Statistics

The International Labour Review—Monthly Statistical Supplement
The Yearbook of Labour Statisties
Oeccupational Safety and Health

Yearbook of Food and Agriculture Statistics:  Part I—Production,
Part 11—Trade.

Amiual Report
International Finawcial Statistics (monthly)
Balanee of Payments Yearhook

Annual Epidemiological and Vital Statistics
Epidemiological and Vital Statistics Report {Monthly)

Economic Bulletin for Asia and the Far East (Quarterly)
Leonomic Survey of Asia and the Far East (Annual)
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