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PREFACE

This monograph was prepared as part of a report entitled Technology,

Education, and Employment-=-A Study of In’rerac’rlons--Pér’r | | -=-A Micro-Model

of the Productlion and Use of Technlclans. That report was carried out by

the Department of Educatlional Planning of The Ontarlo Instltute for Studles
in Education during 1969~71, and It was submltted to the Canada Department
of .Manpower and Immigration and the Ontario Department of Educatlon in June,
1971. The research was financed Through a Jolint grant from these Departments
under the Schedule 10 provisions of the Federal-Provinclal Manpower Research
Agreement of 1967. The authors wish to thank the Honourable Willlam G. Davls,
formerly Minister of Educatlon for Ontarlo, for making that study possible.
The complete report Is a study of the education and employment of engl-

neering techniclans and technologlists, and other students In the technology
programs In the Colleges of Applled Arts and Technology in Ontario. The
report Is divided Into the following three parts which have been lssued as
separate Occaslonal Papers of the Department of Educatlional Planning:

Part |: The Education and Employment Survey of the Membership of

the Ontarlo Asscclation of Certifled Englneering Techni-
clans and Technologtsts.

Occaslonal Paper No. 4-71; by G.S. Tracz, M.L. Skolnlk
and J.T. O'Mahony.
Part II: Some Economlc Aspects of the Relatlonshlp between Education

and Employment of Techniclans and Technologlsts in Ontarlo.
Occaslonal Paper No. 5-71; by M.L. Skolnlk and G. Bryce.

Part 111t Emplrical Transitlon Matrlces.
Occaslonal Paper No. 6=71; by G.S. Tracz and J.T. O'Mahony.

The references In thls monograph to Part || pertaln to the Department

Occaslonal Paper No. 5-71 noted above.
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The data upon which this study is based would not have been available
but for the cooperation and assistance provided by Mr. Colin Wilson of the
Ontario Assocliation of Certified Engineering Techniclians and Technologists, and
and by the members of that Association.

The aesthetic neatness of the monograph came about largely in spite
of the principal authors and must be attributed to The keen eye of Miss Ruth
Sims of the OISE Editorial Division, the elegant drawing of Mrs. Helen
Bralthwalte, and especially to the painstaking typing and proofreading by
Mrs. Lorraine Ratnik.

The principal authors owe a real debt of gratitude to Dr. Cicely
Watson for helping to develop the idea for a study of this kind, providing
perlodlc'encouragemen*, and pushing numerous obstacles of of the way.
Finally attention must be called to the fine work of Mr, J. T. N'Mahony
In carrying out a substantial amount of the quaB*lTa*lve analysis, in

addition to doing some of the writing.
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INTRODUCTION

The administrators and decision-makers operating within the “ield of
education have hitherto been concerned, in the main, with the static
aspects of the institutions and educational processes for which they are
responsible. This has led to the compilation of "stock" data about enrcl |-
ment in various branches and levels of their particular educational
Jjurisdiction. Useful as this information is for the immediately expedient
purposes of the overall resource requirements of "the system," particularly
financial, it gives little insight into the Important dynamic features, and
is clearly unsuitable for monitoring internal changes and trends and for
making informed decisions about future developments.

For these reasons and others, many interested parties have been
advocating the establishment of some form of individualized student inform-
ation system (1).

This report is concerned with the uses to which such an information
base c;hld be put by constructing and analyzing empirical transition matrices
and showing +helir relevance to monitoring and decision-making in educational
environments such as the CAATs.

One such analysis has been undertaken by W. P. McReynolds (2) for the
Ontarlc secondary school system using the comprehensive individuelized data
contalned in (3). Although restricted to the time period 1959-64, this
study did establish the feasibli lity of applying transi+ion matrix methods
to secondary school educational systems and their usefulness in obtaining

valuable insights into the progress of various types of students through the

—1... 7




system. The study also demonstrated the feasibility of using the estimated
transition matrices for the simulation of enrolIments by grade and branch.
Chapter 1 provides an introduction to the concepts and terminology
requi red for an understanding of the subsequent development. Some simple
examp les are given to consolidate these ideas. |n addition, a subsection
is devoted to a mathematical derivation of the basic flow equations and their
matrix formulations.
Chapter 2 contains a numerical example of the application of empirical
transition matrix methods to the flows within two Colleges of Applied Arts
and Technology.

Chapter 3 discusses the benefits, |imitations, and possible extensions

of the method.
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CHAPTER 1: THEORETICAL DEVELOPMENT

1 - 1. Introduction of Concepts and Terminology

The term "system" occurs in a variety of contexts and with a wide
range of meanings. Dictionary definitions usually refer to a number of
interrelated elements, items, or components operating together to seFve a
single function. Physical and biological systems such as a spacecraft
sys*em,'fhe nervous system, an electrical system, a transportation system,
or a hydro system, appear to comply with This deffnition.

| However, many other uses of "system" elude interpretation in the
above manner. Some uses, for instance, seem to denote the ways, means,
and rules of procedure for doing something, such as a bidding system, a
coordinate system, an examination system. Yet another usage seems to refer
simply to a complex of elements Qlfh no well-defined function, such as
stel lar systems.

The greatest deviation In meanlng occurs in the social sclences with
terms such as the social system and the educational system, whose elements

are presumably individual human beings rot apparently serving any single

function. |f they were, what could It be?

The confusion demonstrated above lies in the attempt folvlsuallze
systems as physical entlitlies rather than conceptual organizations of certain
experiences. The common function is that of utility, of Imposing a conceptual
structure upon sometimes complex phenomena in order to make necessary
decisions. The system, then, will depend upon the perspective of its

designer and the uses to which It might be put.
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Tre dictionary definition Itself Is misleading, since clearly It Is
not the elements which are Interrelated but the properties of these elements.
In other words, 1f nothing Is known about a set of elements, nothing
predicated upon them, then relationships are meaningless.

In this report we shall be cencerned mainly with conceptuallzations
of educational phenomena largely from The perspective of those with the
responsibilities for administration, resource allocation, program management,
and policy-making, operating In educational environments such as secondary
schools, universities, "and Colleges of Applied Arts and Technology.

In general terms then a system comprises a set of distinct elements
(confen'l'), the properties of these elements, and the relat!ionships between
such properties (properties of properties).

The necessity for "systematizing" the experlences and observations of
such complex phenomena as characterlze 'educaﬂop derives from the need‘fo
reduce these phenomena to manageable proportions and moreover to a form _
sultable for logical ieferences In order to make and communicate raﬂohal
decislons. The objec‘ives and resources of the particular declslow-maker
'lnvolved Wi II determine:

(a) 1'he elemen'rs of 1'he sys1‘em, le e., the con'ren'r

(b) the relevan+ -properﬂes of these elemenfs l.e., the degree of.de-ral I

" (c) the admlsslble relaﬂonshlps holdlng befween pr'oper‘l'les, I e., sfrucTuraI
complexlfy of sys1‘em._ |

Applylng 'I'hese concep'rs of "sysfem" 1'0 some area of educaﬂonal

.,’

.gexperlence, such as secondary_\school, or 1'he en'Hre phenomena of formal

".‘”'I'ha*l‘ ls, H's con1‘evn1' H‘s sfuden'l's and/or 'I'eachers and/or admlnlsfra'rors,

X EE N T . - Co M et L - |
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giving parallel systems. |f we restrict the discussion for the moment to
a "student system" (where the elements considered are students), what can

be stated about thelir properties? Clearly each student has a multitude of

RS R s DSy il e

properties, most of which can be considered to be irrelevant o the objectives
of the planners or decision-makers (color of hair, helght, etc.).

However, such decision-makers will most probably want to know something
about the distribution of students among the various levels, grades, and
branches within thelr jurisdiction, In order to allocate financial and
teacher resources effectively and to evaluate the progress of any student
or students through these levels. Clearly the property of "being in a
.particular educational level" can be operationally defined--by enrol Iment
procedures, academic qualification requiremenfs, and so forth, during some

convenient period of time, usually the school year for elementary and

secondary school education or perhaps one semester for university education.
The cholces of these transient locational properﬂes, or "states" as |
they will subsequently be called, are primarily determined by the interests
of the planner or administrator who Is required to make decisions as to
specific educational needs and the allocation of resources, Insofar as he
Is able to Isolate qualitative similarities of educational experience or
quallfications amongst groups of students. For example, In a secondary
school system, under éxlsﬂng arrangements In Ontarlio, the g‘rade and program
would usually suffice to define an educaﬂonal "s+a+e." However, 1t Is
Impor‘l‘an'r +o re*l‘aln 'I'he generallzed noﬂon of a "s+a+e" when aITernaﬂve
sfrucfures'ln educaﬂon are envlsmned. The In‘l’roducﬂon of a credit
achlevemen+ me+hod ln hlgh schools would Involve radlcally new operaﬂonal

:-deflnlﬂons for seHlng up 'I'he educaﬂonal s1‘a+es of the sys1'em.‘ :

S
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The possible states of the system are by no means the only properties
of students which are worthy of consideration, although they might well
suffice for many accounting and budgeting applications. Certain permanent
properties (characteristics) of students such as their sex, socioeconomic
background, or geographical origin may be of considerable use in mathematical
models based on the system as predictors of academic achievement and other
educational behavior, or where questions of equality of opportunity need
answering. Since such properties do not change with time, they effectively

partition the systems' elements (students) into what can be called population

classes, which In most subsystems can be treated Independentl!ly of one

another. However, where constralnts apply to the total population of any
state or states In the system, the interaction of population classes must
be taken into account, as McReynolds (2) has demonstrated in the case of

postsecondary transitions.

To complete a systems definition, the logical relational proper;rles
of the states and those of the population classes, referred to above, must
be we!l defined. Mathematical models of systems, relying as they do on the
counting (unambiguously) ofﬁl"rhe numbers éf elements with specified properties,

will normally require that the properties be mufually exclusive: that Is,

each student (say) must be In only one state and population class at any

given time. Furthermore, since It Is desirable to keep track of all indivi-

‘duals considered to be In the system, each student must be in one of the

~ possiblé states or classes. To effect this req‘ulyrem_en’r 6f exhaustiveness

of properties may necessitate the seff'lng ub of an ar’rlficiél "state" which
is complemen‘l'éry to all The othér s’ra‘l’e__Sdf the system. Thus when an indivi-

dual.-meets none of the operational specifications of the other states he is

12
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assigned to this residual state. Such a state (or states) might, for
examp le, cover the cases of students who drop out of school, join the
labor force, emligrate, or for some reason are not included In the maln-
stream of the educational process being systematized.

The other necessary relations which contribute to the logical

structure of a system will usually be supplied by educaticnal polictes,

‘rules, laws, and conventions, extant within tho pertinent educational

environment. A case In point would be the relationship between a state,
défined as grade 12 of a five-year program completed, and its valld successor
states: grade 13 of the same program, first year of a 2-year program at a
College of Appliad Arts and Technology, first year of a 3-year program at
a Col lege of Applied Arts and Technology, the labor force, repetition of
grade 12, and so on. Clearly the admission policles of the Colleges of .
Applied Arts and Technology, and the promotion policies of secondary school |
authorities concerning the 5-year program, determine some of the posélble
relations between these states. The successor relationship 'between s*l'a‘l'es,l
as Illustrated above, will occupy our attention exclusively for the remainder
of this report, since we will be Interested predominantly in the dyriamics
of students' educational progression.

The plctorial analogue Qf this logical structure Is the flow chart,
which schematical I§/ represents both the states of the system and the valid
successor reiationships between them. The states of the system are conven-

tionally represented by labeled boxes and thelr Interrelationships by

directed Ilnes connecting valld s'uccessorwand predecessor states. The

example glven above might then appear as in flgure 1.
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Figure 1. System Flow Chart Example

i

| Other —=—A -—
institutions Grade 12
and labor force] %1 5-year program
Y
: Y
—>—1 Ist year of }|—=— Grade 13 —»—— Ist year of [|—=——

: 2-year program _ 3-year program

: | in CAAT —>——] °-Year program In CAAT |

-] ¥f. .

Table 1. System Tabu!ar Representation Example

Tt

Other
. institutions
Grade 12 Grade 13 1st yr. of 1st yr. of &
(5-yr. (5-yr. 2=-yr. prog. 3-yr. prog. labor
prog.) prog.) (CAAT) (CAAT) force
Grade 12
(5-yr. prog.) 1 1 1 1 1
Grade 13
(5-yr. -prog.) 0 ! 1 1 !
1st yr. of 2-yr.
brog. (CAAT) 0 1 1 1 1
1st yr. of 3-yr.
prog. (CAAT) 0 Q 1 1 1
x& Other institutions

& 0 1 1 P 1
labor force 1

14
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The flow-chart representation for such systems usually provides
considerably more Intultive Insight and conciseness Into the structure of
a system than would some symbolic logical representation. It also suggests
the use of such terms as flow and transition because of the apparent
"movement' of students, year by year, from one state to another along the
directed lines.

Clearly, unique quantities can be associated with both the boxes
(states) and the directed lines (Interstate relationships) at any time. The
quantity assoclated with a state could be defined as the number of students
observed in that s"ra.’re during a gliven time period, and will be called the
stock of that state. Similarly the number of students observed as changing
thelr state at the end of the time perliod will be called the flow between
the two states concerned.

An alternative portrayal of the logical structure .of a system Is that
of tabular representation. A table (or matrix) s constructed with both
the rows and columns l|abeled with the names of all states of the system.
The entries In the tabie are then Indicated by 1s or Os according to the
possibility of a direct transition between them In the systems: +that Is,

a 1 would correspond fo a |ine on the flow chart. Thé example glven above

would be represented by table 1.

The row staes of such a table are usually referred fo as origin states

and the column states as ‘desﬂnaﬂon states.

This representation clearly contains more redundant Information about
the system than does the flow chart. Nevertheless, because of 1ts symmetry
and matrix formUIaﬂon, It Is In general mathematically more tractable, as

will be demonstrated In Chapter 2. .

15
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Again, as for the flow chart, numbers ma}fl be associated with the non-

s zero entries In such a table, the row sums of; these corresponding to '"stocks"
and Individua! entries to "flows." The resulting table is called a flow
matrix.

The foregoing discussion may appear to be overly fastldious and

pedantic to those faced wlth day-to-day decisions in education. However,
its main import Is to stress the concept of system as a logical construct,
an abstraction, which |f properly designed can lead to meaningful Insights
and mathematical formulations of educatlonal phenomena, and hopefully to
avolding the pitfalls awalting the misapplication of quantitative technlques

in this area.

7
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1 - 2, Mathematical Formulation

In the brief discussion that follows, the mathematical notation

adopted Is that of McReynolds as used In The Ontario Educational System (2).
Included are the definitions and basic equations Thé‘r describe the stocks
and flows within the conceptualized system Introduced In 1 - 1, Agaln it
Is assumed that a sultable set of mutually exclusive and exhaustive states
‘has been deflned and, 1f necessary, a similarly constrained set of population
classes. The elements (or 5ubJec+s) considered In the system might be students,
teachers, or some other educationally relevant population, uepending upon
the purposes of the analysis. Also the Sys+em states Included might only
account for a limited amount of the educational history of a student. As
such 1t would constitute a subsystem of a "totalt educational system which
perhaps might cover the whole of a student's formal education and employment
history. Such subsys‘rems‘,sr.mould ldeally be single administrative entities
which a‘re Internally Isqla‘l'ed from other sybsystems. If Important exogenous
connections do In fact exist (és s offen the t‘:ase);‘ +h9 Inputs concernéd
are unpredictable to any mode‘l of the subsys‘l'em.A Examples of subsystems
might+ be Individual educational Institutions such as universities or CAA:TS,
the whole of poéféecondary_educaﬂon, the whole of elementary school edu?:'aﬂon,
and so on.
Let a parﬂcular's‘l'é*l'e p'f the system be denoted by the symbol r, where
r Is an Integer taking some value between 1 and R (the total num‘bérjv of states
In the system). _ _ N ‘
Let the stock of subjecfs In s+é+e' ra‘l' ﬂme+ vb.'e repféséﬁfed byn(r,‘r),
then the total number of/subJecfs In :rhg"sys*l'er‘r.l;-' N(H), éf séme ‘ﬂr{r‘;e t mus+ !
be gfvén by: ' | | | | |
’,

TNy
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R
(1) N(t) = I n(r;t)
r=1

| f the subjects have been partitioned into A distinct population classes,
according to thelr supposed educational ly relevant permanent characteristics,
then an additional indéx, a, would be required. to indicate which class Is
belng considered.

Then n(a;r;t) Is defined to be the number of subjects who are members
of population class a, and counted In state r at +ime +.

The following equations then ensue:

A .
(2) n(r;t) =Lt n(a;r;t) r=1, 2, ..., R
a=1 :
R™ A
(3) N(t) =T I n(a;r;t)
r=1 a=1

The flow of members of class a from origin state r to desﬂnaﬂon state s,
as observed at the end of time period +, Is denofed by f(a;r,s;t). Since
all subjects Initially considered In the system must remain within I’r}a‘l'
subsequent time Intervals, even |f they are counfea In some artificial or
terminal state, the sum of the fl6wqur'lglna1'lng In state r (Including

repeaters) must equal the stock of state r. This Is expressed by:

P

(4)  nla;r;t) = ¢ fa;r,s;t | F=1,2, «., R
- s=1 , S

As 1llustrated in table k!, a table can nbw b_e‘cons"l'ruc‘l'ed In which

the-entry In row r and column s 1s glven by f{a;r,s;1): The numbers In

the table are determi ned by. those -Individuals observed to be In state r

at ‘Hmev"'.‘ and also ln s”rba‘l'.e's é’r'ﬂmej t+1. The row éunis aré_' alven by '

‘equation (4) above. ~ I SRS




A separate table could be constructed for each population class in
the system. Similarly tables can be complied for each year + for which
flow observations are aval lable. They cannot, however, be usefully compared,
with respect to changes In flow patterns, unti{ normalization has taken
place.

Therefore we define:

For any
» » r= 1, 2, ..., R
(5) plazr,s;t) = Jlair.sit) s=1, 2, ....R
n(a;r;t) _
a"‘ 1, 2, se ey A
where from (4)
R .
(6) £ plazr,s;t) = 1 r=1,2, ..., R
s=1

These p(a;r,s;t) are known as transition proportions, and the table In which

they occur as entries In the r-th column and s-th row Is known as a transition
matrix. The transition proportions may be In*erpre+ed as the proportion of
subjects of class a, observed to be In state r at+ time + and also In state s
at time t+1. For example 1f r were grade 9 secondary school and s were grade
10 secondary school and t+ was 1960, with class a representing male students,
then p(male; grade 9, grade 10; 1960) and p(male; grade 9, grade 9; 1960)
would be the promotion and repeti+ion proportions respectively for grade 9
male students at the end of the 1960 academic year.

If, In fact, new subjects can enter a state from outside the éysfem,
a further quantity ula;r;t) must be Introduced In order to arrive at the
correct stocks for each state, and u(a;r;t) Is In?erpréfed as The new entrants
to the state r from outside the system, ofpobulaffonyblassj;, during time

period t. Thus these new entrants, If any, Into the states of the system,
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added to the flows of the previous year from within the system, give the
current stocks in each state.

The basic flow equations become:

¥

R
(7) n(a;s;t+1) = & fla;r,s;t) + wula;s;t+l) s=1, ..., R
r=1
i or from (5)
R
: (8) n(a;s;t+i) = I n(a;r;t)#pla;r,s;T) + ula;s;t+1) fors =1, 2, ..., R

r=1 .

The R equations of (8) above may be expressed more concisely in the standard

matrix notation below:

(9) 22f++1) = ngf)*féff) + E§f++1)

where na(f), ua(f) are the row vectors given by

(10) na(f) inta; 1;1), n(a;2;1), ..., n(a;R;1) |

u_(t) futa; 1;1), u(a;2;4), ..., ula;R;t)|
and the transition proportion matrix Pa(f) is given by:

(1D P_(H) = pla;1,1;1) pla;1,2;4) ... pla;1,R;t)

pla;2,1;1) pla;2,2;1)

pPlaiR, ;1) ...0 ..opaRR;D|

~—
el
Frd

e G i




great maJori*y of Translflons made.l In addiflon There are
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For a given value of t, and when the stocks I time periods + and ++1, flows
at the end of time period t, and new Inputs In time period t+1 are all known,
equation (9) becomes simply an empirical identity. Such a formulation Is
in itself a useful exerclise In monlferlng changes in transition proportions
over time.

However, 1f certaln assumptions are made about the transition matrix

Pa(f), equation (9) provides a method of projecting future stocks na(?+1),

na(*+2), and so on, from the latest known stocks na(*), by repeated applica-
;Ten of this equation. Such a procedure, of course, requlres Independen?
projections of new Inputs ua(f+1), ua(f+2), etc., for a complete simulation
model of future enrollIments. -

The first assumptions which must be made are those of the classical
deterministic Markov process: namzly,

(a) one-step dependency--l.e., everyone In state r at time period +

Is subject to the same transition behavior regardless of how he
arrived In that state. State membership during earller periods-
does not affect am Individual's transition at the end of time
period t. |
This assumption cannot always be justifled; for example, those students in

secondary school who have repeaterd one or more earller grades might well

tend to drop out of school In proporfionafely greater numbers than those who )

have experienced reguiar promotlions. Thue the dropouf ?ransl?lon proporflon

would vary with the proporflon of the grade e;rollmen? havlng one ‘or more o

be neglected when fheir occurrerce Is rela*lvely rare as- compared fo fhe

".‘.

vy ‘ 4- - : M :
. .‘-.?». 21 i

~earlier grade repefiflons.‘ However,”such mul?lsfage dependencues may offen:”a""
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(b) unconstrained flows—--l.,e., there are no numerical bounds on the

number of people eliher IeaVIng or en'l'ering a particular state.

In other words, the 'I'ranslﬂon proportlions are meaningful abstrac-

tions of 'I'ranslﬂon behavior and not conﬂngenf upon the vagaries

of flucTua'Hng enrol Iments.
Some further assUmpHons must also be made about future franel'l'lon behavior,
the ways In which transi+ion pro‘por'Ho'ns will change over time. |f no
pertinent changes in educational policy or pracﬂoe are antliclpated during
the period of projection; then l+ might reasonably be expecfed that the
Tranéi'l‘lon proportions would remein relatively sfable. In this case, the
s[mp!lfylné hypothesis ef a s-l-aﬂona[y 'I'ransvl'rion propor+vlon matrix could |
be a’idop'red: that Is to say, P (T) Is Independen'l' of time. (Thus, Pa(_'r) ) | | ‘

becomes slmply P .)

Successive appllca‘l‘lon'of the matrix recurrence relaﬂenshlp..,,(‘é),

designating na(o) as ua_(o); and ad,ep'Hn‘g the convention PZ = | (the Identity

matrix), leads to the followling proJeCTed' stocks In the system after T

time periods have elapsed from the base year t=0.

T T-t
(12) n(T) = ¢ u () %P
-a tzo—2 »_.a_

‘..‘»‘ '

Alfhough the: sTa‘Honary hypofhesls leads 'I'o eleganf resulfs, such as- (12)
H Is rarely Jusﬂfled over IengThy 'Hme perlods. However 14 'I'he causal
mechanlsm by which transition proporﬂons are produ«.ed is eQen par+|ally
unders1‘ood The enrollmen+ Impllcaﬂons of a varleTy of educa'ruonal pollcles_‘
and trends may be calcula'red from equaﬂonv(9) by Judlclously varyung The. |

'success|ve transi+ion ma'rrlces P (o) P (1), etc.
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CHAPTER 2: A NUMERICAL EXAMPLE

2 - 1. Discussion of the Data

This chapter will be devoted to the iIIusfra‘I'ion of the concepts and
techniques developed in the first chapter. The subjects to be considered
were technical and technology course students enrolled in two Ontario
Colleges of Applied Arts and Technology.

A study was made of those students who entered these colleges in the
academic years 1967/1968 and 1968/1969. The information sought from each
student was as follows:

1. The program of education at the col Iege.

| 2. Year of birfh. |

3. High school percentage.

4. Geographical area of high school last attended.

2. High school program (4-year, 5-year, or other).

6. High school course type (Arts and Science; Business and
Commerce; Science, Technology, and Trades).

7. Occupation of father.

8. Firs‘l'-year resulfs at col Iege (passed,’ 'wl‘l'hdrew, or'failed)..'

9. Second-year resulfs at collage (passed, wu+hdrew or failed).

There were fhree possnble programs avai IabIe +o fhese sfuden‘l's'
technical assistant (1 year) fechnlcal (2 years),' and rfechnology (3 years').

The Techni cal a55|s+an+ program wa; only prowded af one of +he two

colleges. We can Therefore deflne slx sfafes for s+uden+s of one col lege

and five for students of fhe o‘l'her coIIege, correspondlng to The programs
and year of s‘l'udy The sfocks for these . sfafes are derlved from ‘I'he |nfor- |

- mation made avallable from |+em 1. Ifems_ 1,.8, and 9_'proylde Suf.flC'e_nt o
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information for the determination of the flows. Items 2 through 7 can

be considered as permanent characteristics as far as the col lege systems
under discussion are concerned and enab le us to partition the students into
population classes for the analysis of possible differences in progression
through the col leges .

The flow tables and transition proportion matrices which follow have
been compiled to illustrate flows within the college and into the |abor
force. The l|atter destination state has been fur?her subdivided by the
academic status of the students enfering i t=-having passed, failed, or
withdrawn from the course‘.

Before embarking upon the anaklysis, however, some points must be made
as to the adequacy and precision of the avai lable data.

The data obtained from one of the two colleges proved to be far from
ideal material for the construction of flow and transition matrices. This
was mainly owing to the fact that only the first-year results of the new
entrants in Tﬁe 1967/68 academic year were .obfained. Thus no complete
program cycle could be observed. Furthermore, the information available
concerning reasons for wi“l'hdr‘awavly from a course and the destinations of
those who transferred to another course were in generall..omi‘l"l'ed.

A somewhat fuller picture emerges from the data of the other college,
al though even hefe'fhe Iongesvf program cycle (_fo.r the technologists;) is. |
incomp lete, This, 'ho;;vever, was unayo'idab,le, sincé the cél lege had been
funcfionivng for only two years. |

Some general deficyiencies for fhel.vﬁu'r:—ﬁé‘;e‘:s"in hand, appérenf in the
material obtained from both col Ivevge,s y w'e‘r.ej ‘as fol lows: |

(a) Enrol Iments were small af This 's‘l'ége in The_ deve |opment
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: (b)

(c)

(d)

(e)
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of the colleges, and this created difficulties in the inter-
pretation and comparison of transition proporticns.

Clearly in the first two years of such novel institutions

a considerable amount of experimentaticn with course structures,
admission policies, and academic standards is inevitable, and
stable transition proportions could not be expected.

There are some small discrepancies between the total number

of enroliments derived from this data source and the corresponding
figures published by the colleges. Also the distribution of
students by programs and courses is not always in agreement.

A possible source of such discrepancies could be the date of
publication of college enrollment statistics (early in the
academic year) and the subsequent corrections made to student
records as a result of late entries or internal transfers
(perhaps to outside the technical division).

Although high school program or course and percentage grade
obtained are given for the majority of students enrolled, the
basis for admission is rarely made explicit. |t is not clear,
therefore, whether a s*fuden’r was admitted as a mature student,

as a manpower retrainee, or on the basis of high school
perfoi"mance.‘ Also the year df graduation from high_schc?ol ‘is}
omitted. o |

ltem 7, father's occupa‘fion, ‘is"fréqu.en‘l'ly I nadequate for cléssi-
fication into well~-defined occupational ’clalfegoriévs and'jf hence

a certain amount of gﬁess.work'had"ro_'be emplloyéd in the coné’rrucﬂon

of population classes based upon this characteristic.:

25
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The analysis which follows will largely be concerned with student records
from the one coliege for which the data are more or less complete over
a two-year period.

First, the new enrolIments into the college for the academic years
1967/68 and 1968/69 are broken down by some of the background characfer-'
istics of students which might be considered as pertinent to a student's
performance and aspirations in higher education.

The +echnicians in tables 2 and 3 have been subdivided by courses--
mechanical, electrical, electronic, construction, and industrial technicians--
to identify any variations in background characteristics between course
enrol Iments. |t should be borne in mind when consulting these two tables
that some students' records had one or more data items missing, and
consequently the total enrollments in a program or course may dlf%er from
one background characteristic to another. The actual total enrollments by
program type will be found in the far right columns of tables 6 and 7, and
those for technician courses in table 10:

A few comments are necessary at this point to specify the operational
definitions which have been used to categorize bac':kgrouhd characteristics.

Thus, in the order of appearance in table 2:

1. _Age at éntry was simply calcul ated by subfr‘ag?ﬂng year of
birth from year of entry into +he col Iege..' ;‘:}The age categories
selected afe meant to gi've‘ some Indication ;s to the amount
of delay experienced by new énTranfs ‘elfhe‘r,:‘ during school
or after leaving high schob'l. (The 'effect;’/lvé'héss of this
cafegorlza'ﬂo.n is greaﬂy-‘lreduced by the “gbse‘nc’e o1_"- a "ye'!ar

left high school" data Item.) For ekamp;ie, the 17-18 age

group can be assumed to have just left hflgh s'c':ho’o‘l ’ whereés

2 6 f‘/'/ .

R
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the 19-year-old group will generally have had some delay,
such as repeating one grade In school, working for a year,
or attending some other postsecondary institution after
high school.

High school average is included in order to attempt to

relate high school academic performance fto progress In

the CAAT, and the five-percentage-point Intervals represent
a reasoﬁable balance between the competing needs for both
precision and aggregation for this size of population.

The high school program and type backgrounds of new entrants,

indicating as they do the duration and emphasis of pre-CAAT
schooling, might wel! influence the contents aﬁd prerequislites
for college courses and to some extent explaln premature
withdrawals for reasons of lack of interest or difficulty
encountered, However, the fact that a new entrant was included
in a particular. program category does not Imply 'I'ha‘l'.he
completed I+,

Father's occtpation categories have been defined with the aim

of speclfying the degree of formal tralning undergone by the
father of a new entrant, to the extent that this cou I'd be
assessed from the ‘some‘l'imes |oose occupa'l'iona.vl‘descrlp'l'ions

in the sfudehf's records. ("'forerhan," "superin*endenf"). Thus,
"préfesslonal" occupations ére those which wduld seem to

requi‘re a.universl'ry degrée of-H‘s equivalen*l*--doc‘fof, ‘-\"'ch'ér'rere.d
accounjl"é'h'l', etc. The "skilled" category comprises 6¢cu§a1‘lbns

which woﬂld norma | ly require some kind of formal technical

training or apprenﬂceshlgb'leadlng ‘I'o'cerﬂflcaﬂon:_ Ia.bora'ro'ry;

techniclan, tool-and-dye maker, ,pl“‘q_mbelr.‘ "Seml-skl | |ed" denqteé
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occupations with skills acquired by experience on the job,
with perhaps some company training: machinist, crane operator,
etc.

The final category, "unskilled," is a residual category
inciuding deceased and retired fathers as well as unspecified
occupations. It also includes occupations with minimal training
requi rements, such as truck driver, laborer, storeman. In addition,
farmers are included in this occupational category since the
economic region served by this particular college has only about
9% of its farms qualifying as viable farm units (with agricul'l'ura‘l‘
sales greater than $10,000 per annum). |

I+ can be seen, on the ba#is of 'I'hé definitions given abc}{e, that each
characteristic has been subdivided into mutually exclusive and exhaustive
categories which provide the means for partitioning total enrollments into
population classes.

A few general remarks pertaining to the main characferisﬂ'cs‘of new
entrants between 1967 and 1969 may be made with reference to 'rabi"és'z an'fd
3. First, 44 out of 128 (almost 40%) students entering the technical division
between 1967 and 1969 were 20 years of age or ‘older.‘ This compares with
80% for the col lege as. a whole. The technologist branch appéars to bev
somewhat older for both entry yeva.rs,'-‘}*a probabble ’con.sequence of the reIaﬂyéIy
larger propor‘l'lon of .5-year program s1‘uden1‘s who enroll in 1‘ha1‘ branch, |t
will be noted also 'I'ha'r al'rhough enrollmen-l- in 1968/69 is up by 31% over

1967/68, almos‘l'" all of the Increase is accounted vfor by s'l'udenfrs in the .

19 and over ége categories.
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Table 2. New Entrants 1967/68
_ Techno | - Technicians
ogists | Mech. |Electric. | Electron.| Constr. | Indust.| Total
No. No.
<17-18 1 7 2 3 0 4 16
?
| Age 19 1 6 6 5 0 2 19
at
Entry 20-21 12 2 0 3 0 3 8
522 4 0 0 3 0 0 3
; < 50-54 3 0 1 1 0 0 2
f Hi gh 55-59 5 4 2 4 o | 1 1
: School _
. | Average 60-64 LRI 3. 1 4 0 .3 A
3 (%)
| 65-69 2 3 2 3 0 2 10
70+ 4 | 4 2 1 0 3 10
4-yr. STAT 6 12 6 | 8 o | .8 34
" High S-yr. ST&T 2 1 0 2 I 4
Schooll v
Program 4-yr, A4S -8 2 1 1 0 .0 4
& , |
! Course 5-yr. A&S 10 0 1 2 0 0 3
Other | o
Professional| 2 | 0 o ST R 0 1
Father's Skilled - 5 3 0. 3 0] 0 | 1 7 |
Occupation - O . | e
| Semi-skilled 8 7 R A 0o 3 18 -
Unski | led . 3 .5 | 7 | 3 o0 | 5. 20
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: Table 3. New Entrants 1968/69
é Technol - Technicians
. ogists Mech. |Electric. | Electron.| Constr. | |Indust.| Total
E No. NO.
' <17-18 3 0 2 1 8 7 18
Age .19 5 5 8 7 6 5 31
F at i
| Entry 20-21 4 4 7 2 6 7 26 b
§ >22 3 4 0 2 1 0 7 |
E
s < 50-54 T 2 0 0 1 5
High 55-59 3 1 4 3 2 3 13
School ‘
Average 60-64 5 5 7 7 8 6 33
(%) :,
65-69 2 3 2 0 4 4 13 ;
70+ 2 1 2 1 7 5 16 Q
4-yr. ST&T | 3 6 | 10 6 3 16 51 ;
High 5-yr. ST&T 1 0 3 3 0 0 6 g
. School - ' ‘ :
Program' | 4-yr. A&S 4 | 6 4 1 7 3 21 1
& ?:
Course 5-yr. A&S 5 0 0 1 1 0 2 <
| . | ;
Other ‘ §
or N A 2 1 0 1 0 0 2 E
' ¥
Professional| = 2 0 B 0 SR T 2 4
E | Father's | Skilled . o 4 2 | o | 3 2 1
i Occupation , ' R '
! Semi-ski | led 7 4 5 o 5 4 -7 7 | 28
Unsk! | led 5 | 4 9 8 10 8 39
- - :
31
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The distribution of high school average for technologists remains
fairly stable for the two cohorts, with 26 out of 38 (68%) such students having
averages of 60% or over. Among technicians, however, the proportion with
60% and over increases from 69% in 1967 to 78% in 1968, with the newly
instituted construction course attracting relatively highly qualified
students. A surprisingly large proportion (almost 20%) of all entrants
achieved averages of 70% or more in high school. (Indeed, 41% of this group
had averages over 75%.) The 4-year programs provided nearly all of these
high-achieving students.

The distribution of students entering the technologist program, .consldering
high echool program and type, was essentially unaltered from 1967/68 to
1968/69; about 46% had come from a 5-year program (excluding other and N.A.)
with 69% of these from the Arts and Science course types.

On the other hand the 1967/68 technician entry was predohlnanlly (74%)
from 4-year Science, Technology, and Trades programs, whereas in 1968/69,
4-year Arts and Sclence programs contributed significantly (26%) to the .
Increased enrol Iment. |

Tables 4 and 5 provide the breakdown of these program-and-type populations

by high school averages for all new entrants. |+ appears from lhesevfables

that 20 students out of the 167 (12%) might have been sufficiently quallfled 5

upon leaving high school +6R55ve'enlered unlverslfy (with 60%.average markse
or over,:in a 5-year program).

Father's occupafion does not appear to be a conlrlbulory factor in the
cholce of program at the college. I+ Is lnleresllng lo nole lhe proporllon
of farmers' sons who enrolled in the college S lechnical dlvlsion, inview
of the rural nature of this reglon as a whele. (In 1961, agricultural

occupations In the labor force were lwlce as high as the provincial average,

32
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Table 4. Technologists 1967/69
High School Average (%)
High School
Program/type 50-59 60-69 70+ Total
4A&S 4 6 2 12
5A&S 7 7 14
4ST&T 4 4 8
5STA&T 2 2
Other 1 1 2
Table 5. Technicians 1967/69 -
High School Average (%)
High School
Program/type 50-59 60-69 70+ Total
4A8S 9 6 9 24
5A8S 2 2 1 5
4ST&T 22 53’ 14 89
5ST&T 3 6 2 iy
- Other




and represented 13% of the labor force.) In the two cohorts entering the
technical division, about 12.5% of students in each year give their father's
occupation as "farmer." This figure conpares with 20% for the college as
a whole.

Only two girls were enrolled in the Technical division between 1967

and 1969, both of whom completed and passed the 1-year technical assistant's

course.

2 - 2. Student Flows and Transition Proportions.

Tables 6 and 7 give student flows, aggregated by program type within

the technical division, for periods 1967/68 and 1968/69 respectively. To - P
iflusfrafe the Inferprefafion.of these tables, consider the second row of o
table 6. The entries In'fhjs row shoy that there were 46 sfudenfs enrolled H
in the first year of a fechniofan's program (TN1) in 1967/68, of whom 35
passed the year and enrolled in the second year of the same program (TN ),

1 passed and withdrew (P) 8 withdrew dur|ng the year (W), and 2 failed

the year and left the college (F). Clearly no sfudenf could graduafe fGRADf
from the technician program after compleflng onIy fhe first year.

Since there were no enrollnenfs in the second year of anyﬁfechnlcal
program in The 1967/68 seSS|on af fhe college fable 6 onIy provldes
‘|nformaflon about fhe rows befween the fursf and second years of any
program--(CAAT)1 to (CAAT)

2
between the flrsf- and second-year rows of fhese programs.. Clearly, mosf»

! .

,Table 7, however, aIIows for comparlsons'

of fhe wlfhdrawals and fa|Iures fake pIace in fhe fIrsf yeur of a program.

v

~In fact, In bofh fhe 1967/68 and 1968/69 sesslons Jusf over 25% of sfudenfs |
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enroj‘led in the first year of a techniclans' or technologists' program
falled to complete the years' requirements (W or F), whereas only one
student out of the 52 In the second year of the same programs in 1968/69
did not pass. (He was advised to withdraw). Of those who completed the
2-year techniclans' program in 1969, however, 7 were given conditional graduate
status, not having met all of the graduation requirements at that time. (The
subject causing most delays seemed to be mathematics).

I+ is appropriate at this point to list the reésons (1f any) given for

withdrawal on students' records.

TECHNICAL DIVISION

Reasons for withdrawal 1967/68 1968/69 Total
1. Advised to withdraw 5 4 9
2. Low marks 0 7 7
3, Course too difficult 3 0 3
4. Not interested in course 1 1 2
5. Obtained employment 1 1 2
6. Returned to high school 0 1 1
7. Moved resldence 1 0 1
8. Financial problems 0 2 2
No reason given 6 7 13

TOTALS 17 23 40

The first three reasons given In the list above are concerned with the

academic standing of the students involved. These account for 70.4% of

withdrawals for which some reason Is provided. The remaining five reasons

\_‘_-‘

7
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performance. Background characteristics appear to be an unreliable gui de
for the prediction of these withdrawals even in the case of students who
found the course too difficult. One of them, In fact, had graduated from
a 4-year Arts and Science program in high school with a 77% average. (Only
age seems to have relevance--7.5% are 17 or 18 years old.)

Although new entrants Into technician and technologist programs Increased
from 74 in 1967 to 97 in 1968, the first-year technologist enrol Iment went
down by almost half, whereas the first-year technician enrollment almost
doubled. The effects of this adjustment may be seen in the transition
proportion matrices of tables 8 and 9, where the pass rate for technologists
Increases by 26% (from 61% to 87%) in 1968/69. The spectrum of background
characteristics of the new entrants, remaining as they do essentially
unchanged, do not appear to explain this improvement and we might speculate
that the smaller number of technologists In 1968/69 were more readily
accommodated than those of 1967/68.

Table 10 provides the breakdown of flrst-year techniciarn flows by course
for the two entry years 1967 and 1968. In general there is a decrease from
1967/68 to 1968/69 in the proportion continuing Into the second year of each
course, with the exception of the Mechanlcal technicians' course, where the
pass rate was very low In 1967/68. |In fact, when the newly Instituted
Construction course Is left out of the reckoning the overall retention of
flrst-year technictans decreases from 76% In 1967/68 to 65.5% In 1968/69.
From another perspective, even though the techniclan prc.agram expanded by
32.6% (excluding Construction) in 1968/69, the number of students continuing

Into the second year expanded by only 14.3%, and the number of wlthdrawals

more than doubled.
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Table 8. Transition Proportions 1967/68
Program Type In CAAT (Al | Students)
1967
——=» 1968 (CAAT) 4 (CAAT), | (CAAT)3 Labor Force Total
CAAT Enroll-
Level Progranm Tl‘\1 TNI TLGl TN2 TL62 TLGS P W | F |GRAD ment
TA, o 1.0 2
(CM\T)l TNI 46
TLGl .07 28
Rk
TN2 1:%?
(Cl‘\l‘\T)2 3 W RAUE
TLG, ok
RYCHz
Table 9. Translition Proportions 196&/69
by Program Type In CAAT
1968 {
—— 1969 (CAAT) 4 (CAAT)o | (CAAT) 3 Labor Force Total
CAAT Enrol |-
Level Program TAI’ TNI TLGl TN2 TL62 TLG3 P |W F |GRAD ment
TAl
(CM\T)l TNI A 011.26 82
TLG, 870N 13 15
i v .2
TN : ’r'."‘f O—+ 35
(CAAT), 2 A g+ 80
A
3¢ .}': PR
*conditional
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We now turn to the analysis of the effects of high school achievement

on students' progress through the college. Tables 11, 13, and 15 show the
flows In the 1967/68 sesslon for population classes defined by three

intervals of high schoo! average. As would be expected, there Is a tendency

tor passing rates to improve as high school average increases. The exceptions
to this trend are indicated by asterisks In the appropriate cell. For Instance,
the two students who withdrew from the first year technologists' program

(table 13), having had an average of over 70% In high school, are Indicated

as leaving for reasons other than deficiencies in their academlic performance.

This same trend Is not at first evident from the corresponding 1968/69
figures (tables 12, 14,16). |t can be seen from table 16 that there were a
surprisingly large number of withdrawals from among first-year technicians
with a high school average of 60 to 69.9%. Further analysis of this group
would appear to be Justified.

As was Indicated previously the 1968/69 session saw a significant
Increase in new entrants to technician courses from Arts and Science high
school programs. Of these students, 44.4% had high school avérages between
50 and 59.9%, 13.0% between 60 and 69.9%, and 56.3% had 70% ;)r over. The
passing rates for such students, irrespective of high school average, was
consistently high: 75.7% of those with 50 to 59.9%, 83.3% ot those with 60
to 69.9%, and 77.8% of those with 70% or over. The same pattern held for
Sclence, Technology, and Trades students, with the exception of those with
60 to 69.9% high school averages. This fact, then, narrows down the incon-
sistent group to students entering from Science, Technology, and Trades
programs In high school with percentage averages in the 60s. Furthermore,

it was found that every student in this group was from a 4-year program,

and 78.6% of them were either 19 or 20 years old when entering the program
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Table 11. Student Flow 1967/68 for Students with
High School Percentage of 50 to 59.9
‘ 1967
— 1968 (CAAT)1 (C/’\/’\T):2 (CAAT) 3 Labor Force Total
CAAT Enroll-
Level | Program TA1 TN1 P | W { F|GRAD ment
T/’\1 ‘
(CAAT) | | TN, i 4|0 e 13
LG, 5 1| 2 i 8
Falat
TN2
TLG, g i
ok
Table 12. - Student Flow 1968/69 for Students wlth
High School Percentage of 50 to 59.9
1968
— 1969 (CAAT) (CAAT) o | (CAAT) 3 Labor Force Total
CAAT I Enroll-
Level Program TA1 TN1 TLG] TN2 TLG2 TLG3 P | W | F|GRAD ment
TA,
(CAAT)] TN1 15 3 18
TLG 4 , 4
1 & @?
™, - , ‘ 8 8
(CN\T)2 g Rt s
TLG2 4 1 5
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Table 153, Student Flow 1967/68 for Students with
High School Percentage of 60 to 69.9
1967
+ —» 1968 (CAAT)1 (CAAT):2 (CAAT) 4 Labor Force Total
CAAT Enrol |-
Level Program! TA TN1 TLG1 P W | F|GRAD ment
TA1 2 2
(CAAT)1 TN1 1 2 1 21
TLG1 2 13
TN2
(CAAT)2
TLe, e
e
Table 14. Student Flow 1968/69 for Students with
High School Percentage of 60 to 69.9
1968
—» 1969 (CAAT) 4 (CAAT), | (CAAT) 3 Labor Force Total
CAAT Enrol |-
Level Program TAl TNl TLG‘ TN2 TL'32 TLG..5 P W | F|GRAD ment
TA1 |
(CN‘\T)l TN1 28 1 |15 2 46
TLGl 6 1 7
TN2 17
(CAAT)

2




Table 15. Student Flow 1967/68 for Students
with High School Percentage »>70
1967
— 1968 (CAAT) (CAAT) (CAAT? Labor Force Total
1 2 3
CAAT Enrol |-
Level |Program| TA,| TN, |TLG, TN2 TLG, TLG3 P |W|F |[GRAD ment
TA1
(CAAT)l TN1 1 10
TLG1 2% 4
_ TN2 g
(CAAT)2
TLG2
%1 (4A8S) obtained employment
1 (4ST&T) not interested
Table 1€. Student Flow 1968/69 for Students
with High School Percentage >70
1968
— 1969 (CAAT) (CAAT)o [ (CAAT) 3 Labor Force Total
CAAT Enrol |-
Level |Program| TA TNI TLGI TN2 TLG2 TLG3 P | W |F |GRAD ment
TAI
(CAAT)I TNI 13 _ 3% 16
TLGl Rl ; 2
(CAAT), TN, 9 9
TLG2 2

*1 (4A8S) returned to high school

1 (5A8S) financlal problems
1 (4ST&T) no interest in course (Industrial)
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(none less than 19). The reasons for withdrawal assigned to this group

of students were nearly all concerned with low marks or fallure to write

examinations. Without further information It Is not possible to explaln.

the withdrawal pattern described above. It Is not known, for instance,
whether the students with the characteristics outiined had some other
characteristic which distinguished them from similar students who did not
withdraw. Did they perhaps come straight from high school after one or

more grade repetitions or possibly with a weakness In specific sub jects,

such as mathematics? |Is there perhaps a lack of standardization of grade
marking between individual schools or high school programs? Or was It
the larger enroiIment of 1968/69 in technician courses which led to more
rigorous course standards, which, coincidentally, affected those with 60
to 69.9% high school averages? Such questions are unanswerable in the
context of the Information available for this analysis, but do serve to
fdentify incongruities which might be investigated further at the college
level.

As was mentioned previously, the duration of high school program was
a somewhat unreliable data item In view of the uncertainity as to completions
of the indicated programs. However, in tables 17, 18, 19, and 20, we are
able to compile student flows for population classes defined by high school
program type--Arts and Science or Science, Technology, and Trades. There
appear to be no remarkable di fferences in the transition behavior of the
two population classes with respect to high school program type with the
exception of the Incongruity, indicated betore, concerning students enrolled

in the first-year technician program 1968/69, with 60 to 69.9% averages in

ST&T program type in high school.




Table 17. Student Flow 1967/68 for Students
Entering from Arts and Science Programs
1967
—— 1968 _| (CAAT) 4 (CAAT)2 (CAAT) 4 Labor Force Total
CART Enrol I-
Level | Program| TA TN1 TLG1 TN2 TLG2 TLG3 P | W | F|GRAD ment
TA, ‘ 2 2
(CAAT)1 TN1 3 4
TLG1 1 6 18
TN2
(CAAT)2
TLG2
Table 18. Student Flow 1967/68 for Students Entering
from Sclence, Technology, and Trades Programs
1967
—— 1968 (CAAT)I (CAAT)Z (CAAT)3 Labor Force Total
CAAT Enrol |-
Level Program TA1 TN1 TLG1 TN2 TLG2 TLG3 P | W F|GRAD ment
TA1 .
(CAAT)1 TN1 30 1 5 |2 38
TLG1 4 1 3 8
TN2
(CAAT)2
TLG2
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Table 19. Student Flow 1968/69 for Students
Entering from Arts and Science Proyrams
‘1968
——» 1969 (CAAT)I (CAAT)Z (CAAT)3 Labor Force Total
CAAT Enroll-
Level |Program TAI 'TNI TLG‘ TN2 TLG2 TLG3 P |W | F|GRAD ment
TAl |
(CAATY, | TN, 18]+ 5 23
6, 1 9
j?
TN2 4
(CAA‘T)2 3
TLG2 1 o 1
®conditional
Table 20. Student Flow 1968/69 for Students Entering
from Science, Technviogy, and Trades Proarams
1968
—» 1969 (CAAT)I (CAAT)y | (CAAT) 3 Labor Force Total
CAAT Enrol i~
Level |Program 'TAI TN' TLGl TN2 TLG2 TLG3 P | W | F|GRAD ment
TAl
(CAAT)l TNl 57
TLGl 4
o
™, fi"ﬁi@q 30
(CAAT)2 3
TLG2 4

*cenditional
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A few brief comments, now, on the influence of the remaining background
characteristics--age at entry and father's occupation. The most success ful
students, as measured by the proportion who continued into the second year
of their program, were those recorded as being 22 years old or more at entry.
Ot +he 17 students in this age category, 94. 1% were thus successful. Similar
results were obtained by those entering at aces of 17 or 18. For this, the
youngest age group, 89.5% out of 38 remained in their programs.

Those students in the two intermediate age-at-entry categories~-19 and
20-21--appear to be relatively vulnerable to withdrawal or failure; only
63.6% of the 66 people in the former group and (62.0% o} the SO in the latter
continued into their seccnd year.

The relative success of both the oldest and the youngest age groups
would suggest that motivation plays a dominant role in affecting performance
in the college technical division, particularly since high school average
was seen to be only a marginally good indicator. It seems reasonable to
expect the oldest age group to be highly motivated to complete their programs;
they presumably have greater responsibilities and are deliberately forgoing
accustomed earnings in order to upgrade their qualifications by taking
advantage of this new local facility. Those students entering a program at
an age of 18 or less have presumably experienced little difficulty in high
school and have chosen to pursue their higher education in a CAAT as a viable
alternative to university. (The majority of them, judging by high school
results, would seem to have had excellent prospects of entering university
if they had remained in high school.)

The relatively high attrition amongst students entering the technical

division between the ages of 19 and 21 might well be associated with a lesser
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] degree of motivation to complete thelr programs, although this must remain
pure conjecture on the basis of data available to the present analysis.
Many plausible explanations might be advanced to account for this phenomenon:
for example, there might well have been more career indecision among this
age group, leading them to enroll in the college by accident rather than
design as an escape from dead-end jobs or lack of employment opportunities.
Clearly, the lure of larger urban centers for the youth of the col lege area «
must also have played a part in some of the voluntary withdrawals.
We have noted elsewhere the inadequacy of the "father's occupation"

data item for the purposes of useful classification. However, employing

the somewhat crude classification of this characteristic adopted for tables
2 and 3, it appears that those students whose fathers' occupations were
categorized as semi-skilled and unskilled were more likely to proceed into
the second year of their programs than were the sons of prctessional and

skilled fathers. The proportion of each population class, as defined by

T AT il 4 b g RTINS AR o LT A iy

father's occupation, which continued into the second year of a program for

O

1967/69 were as follows:

o SOF L)

Professional - 66.7% of a total of 9,
" Skilled - 58.3% of a total of 24,

Semi -ski Il;d'-- 77.C§ of a total of 61,

Unskiiled -~ 72.7% ot a total of 77.

The first three groups had somewhat better results in the technologist
program than in the technician, whereas the reverse was true for the unskilled-
father category. Also the students whose fathers were professionals enrolled

4 more frequently in the technologist program than did any of the other categories:

44.4% of the former group as opposed to approximately 24% of the latter three.
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As for comparisons between high school average and "father's occupation"
classes, the classes of students defined by less-quali fied fathers have

nad significantly better results in high school. For example, 22.9% (16
students) of the sons of unskilled workers had achieved an average in high
school of 70% or more. This compares with 19.6% (11 students) of the semi-
skilled, 4.2% of the skilled (1 student), and 11.1% of the professional
workers (1 student). (Note: Some students' records have the high school
average data item missing.)

It would appear, then, that the technical division attracted the great
majority of its students from the semi-skilled and unskilled fathers' occupation
categories, and furthermore, such students have generally better results in
high school than their contemporaries from the other categories. This is
not really a surprising result; high-achieving students with professional
or highly trained parents probably aspire to university education and/or
nontechnical professions, such as teaching or business.

A particular "father's occupation” of considerable interest, in view of
the rural nature of much of the area served by 1.is particular college, is
that of tarmer. Students with this background characteristic were apparently
highly successful in high school; 36% of the 22 farmers' sons had a high
school average of 70% or more, compared with 22.9% of all +he unskilled-father
category and 19.7% of all students enrolled. They also consti-uted a
relatively young group, 45.5% of them being 18 years of age or younger upon
entering the college, as opposed to 22.2% for all new entrants. A high
proportion (81.8%), continued into the second year of their program (almost |
3@ third were enrolled in the technologist program), which compares with the

overall retention rate for all new entrants of 72.08. In fact, of the four
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withdrawals by farmers' sons, two passed the session and withdrew without
giving any reason, while another obtained employment during the year. The
foregoing analysis of farmers' sons enroiled in the college's technical
division may well reflect the lower asplirafions of rural youth, insofar as
only the most able of them (entering relatively young and having been
succassful in high school) had persevered in formal education to the post-
secondary level. It would seem, then, that the college's technical division
has opened up an important avenue of occupational mobility for rural youth
and is playing a role similar to ‘rhwaf of local university engineering
faculties for the brighter children of low-income families in large urban

centers.
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CHAPTER 3: BENEFITS, LIMITATIONS AND EXTENSIONS

3 -1, Beneflts

The most Immediate benefit arising from the reguiar construction of
empirical transition matrices is the exposure of a whole new area of relevant
information about behavior of students, teachers. and others, which would
otherwise be Ignored or merely guessed at. The annual compilation of stock
enroliment data alone, however cetalled, makes the estimation of repeaters,
transfers, and dropouts exceedingly difficult, if not impossible. The
attempt to disentangle real changes in transition behavior from the effects
of fluctuating enroliment Is demonstrably frultiess with such aggregated
data.

In a single table (transition matrix), then, a concise picture of
student progression could be brought 1o the attention of educational
administrators and policy-makers. The monltoring, year by year, of such
information would Immedlately highlight any abnormal or detriments: changes
in student flow and thus provida the impetus for more detailed investigation
into causes and/or remedies. In addition, the tables produced by partitioning

students into population classes would furnish the best avallable Information

for reallstic comparisons of student characteristics or alternative programs.
| f the various population classes considered display relatively

di fferent transition behavior in thelr progress through some educational

subsystem such as secondary schools, universities, or CAATs, then as the

class specirum of new enrollments changes with time, the subsequent stocks

both for states within the subsystem and in terminal states (output states,

-45 . 52



3 S s e SEaar,

-46—

higher education, labor force, dropouts) may be completely unexpected in
comparison with extrapolations of present stocks. |f such counter-intuitive
Insights are detected In advance, considsratle frustration and misallocation
of resources can be avolded.

Let us now fllustrate the foregoing benefits of empirical transition
matrices by means of an example, demonstrating as 1t does their implications
tor relevant aducational declision-making. The Carnegle Study (3) provided
one of the few data sources from which flow Information In Ontario schools
could be determined. The flow tables compiled by McReynolds (2) for the
single cohort of 90,000 students counted In grade 9 in 1959 could be used
In +tha following manner.

All the grade repetitions experienced by this single cohort are
counted, and result in a otal of 34,319 repetitions. Now, the number of
repetitions can be considerad 1o be In some sense a measure of performance
of a school system, since certaln direct and Indirect costs are associated
with each repetition. In other words, these are the costs assoclated with
an extra 34,319 student years. (note: Accelerations and doublie promotions
are negligible in comparison with repetitions.)

The direct costs are clearly the financial costs associated with
teachers' salaries, school equipment, and space requirements. Let us assume
the very conservative average figure of $500 per student year to cover these
costs. Then 1t follows at once that the direct costs aione for this single
cochort repeating one year of secondary school amount to at least $17 million.
Since a new cohort would have entered grade 9 in each year subsequent to
1959, +he actual number of repetitions In this period would be conslderabtly

inflated (assuming simllar repetition rates).

a3
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The Indirect costs Incurred to both the student and soclety are
prcbably more serlous. For Instance, even |f a student eventually attalns
his target educational level, his entry Into the labor force will have been
delayed by the repetition (or repetitions) experienced in secondary school,
and thus entall a loss of income for him and the loss of a potentially
productive member to soclety. Alternatively, 1f, as appears more llkely,
the discouragement caused by hls repetitions leads to his prematurely
dropping out of school, the amount of his personal frustration and wasted
potential talent are Incalculable.

Having thus dlagnosed, by the inspection of a flow matrix, a possible
area for Improvement In secondary school policies, the appropriate decision-
maker might then ask whether the situation Is unavoldable, and, 1f not,
whether perhaps some alternative structure might reduce or eliminate some
of these costs. To answer these questions he might then Investigate the
characteristics of the repeaters by partitioning them Into population classes,
defined by such attributes as 1Q, cocloeconomic class, student/teacher
ratlos, or geographical region, and then complie transition proportion tables
for these classes. The results of this latter analysis should determine
whether academic Inablilty or disaffection, perhaps caused by Inapproprlate
curricula or high student/teacher ratlos, was responsible.

In any event, the exercise might isolate major components, which would
then suggest possible modi flcations of present policlies, such as new branches.
At the same time, i+ might be judged that no major improvements could be
achleved by mere modification of the extant system, perhaps because of Its
inflexibl 11ty of structure and its Inabllity to encompass all the varieties

and interests of participating students.
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whatever the outcome, thls would seem to be a highly profitabie area
for further Investigation.

Another Important denefit arising from the compllation of transition
proportion mat:sices Is that they provide a powerful technique for projection
of future stocks and enrollments. If the hypothesis of the constancy of
the transition proportion matrix can be Justifled, then the recurrence

relationship of equation (12), chapter I, provides a simulation model of

I

enrol Iment. As has been Indicated previously, suct a simulation model is
considerably more powerful than any based upon trend extrapolation.

The detalls of the method and its application to Ontario secondary

e bt b ahd et e

school grade and branch enrol iments 1959-1964 will be found tn (2).

s ]

Finally, 1+ must be sald that the greatest benefit probably derlves
trom the exercise of analysis itself together with the spin-off benefits of 3
suggesting relevant data requirements for educational docision-making. This

latter toplc will be pursued In the next section.

—n

3 - 2. Information Requirements and Limltations of the Method

By far the greatest impediment to the creation of emplrical transition

e,

mstrices is the current inadequacy of regularly collected and sufficiently

- s

: comprehensive data.
The method described in the previous chapters implies the existence of

a coordinated and purposeful procedure of data collection (information system)

for 145 effective application. At present, very few educational jurisdictions
collect student and staff data in a form-suitable for analyzing even their

Internal +ransitions. They certainly collect student data by such means as

i registration forms, academic records, and so on. but does this constitute

Information that relates to decisions that have to be made?
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The most suitable method of data collection, In terms of flexibility
and accessibility for planning and monitoring, would appear to be the
creation of standardized indivicual student record files effectively
utilizing computers as the storage medium. Such records would contain the
following areas of information for each student:

(a) Soma unique identification code.

(b) A set of permanent characteristics considered relevant to decision-
making: year of birth, sex, predictions, etc.

(c) An up-to-date ordered list of the states through which the subject
has passed, within the system (or subsystem), together with any changes
occurring in each--examination results, certification, etc.

(d) Information linking the subject with other subsystems, including
verified origin before entry, and verified destination upon exit.

The questions of what data to colleci and how to collect it will
ultimately be determined by the definitions of the educational states of
+he conceptualized system. Items (b) and (d) above could well be coilected
by questionnaire, completed as part of initial registration procedures or
certi fication procedures. However, if the method of empirical transition
matrices and the mathematical models derived from it are to be used for
regular monitoring and projection, the student records would have to be
updated wheneveir a change in the system occurred (usually every year for
the grade=branch system of secondary schools). There is a!so the possibility
of modi fying and expanding existing manual data-collection procedures, such
as the 0.5.R. folder of Ontario schools, provided that uniformity of
implementation could be guaranteed.

Standardization of data elements between the subsystems of formal
education would certainly be an advanfége from the point of view of decision~

making agencies with wider jurisdicfifbns, such as the Department of Education

o6
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and commissions for postsecondary education. However this would invoive
the collaboration of many autonomous agencies and institutions, which
might+ obstruct the collection of such data by a "centrallzed" authority.

In +hesa cases, partic:larly among the institutions of higher education,
the public responsibilities of those concerned should be given priority
over the interests of various sectors, particularly since the real benefits
of autonomy need not be infringed.

A similar controversy might arise over the question of confidentiallty

of student records, and clearly some protective Jevices and procedures

would have to be developed to satisfy this requirement. |+ should be pointed
out, in this respect, that the purpose oi an information system as described
above is 1o evaluate the functioning of the educational process rather than

4o make decisions about individual students. Rarely, if ever, would identifiers
such as names and addresses be accessible, and even then under strict control
regulations. Also the right of a student or teacher to inspect and verify

his record would be a necessity.

Although the storage and retrieval of individualized student data ot
this type could become . najor (but straightforward) undertaking, a ~ore
serious problem is posed by the need for regular' updating of stored Files
and the creation of new files. We should not underestimate the difficulties
of linking manually collected data such as registration forms and examination
results, from possibly manyAdifferen? sources, to an automatic storage and
processing device. Well-defined and foolproof coding, checking, and error-

correction procedures would have to be devised. However, satisfactory prece-

dents exist in other fields and these problems should not be insurmountable.
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3 -3, Extensions

The foregoing chapters have concentrated upon students and the various

systems that could be devised in which they were the elements. The decision=-

makers were assumed to be administrators or planners with responsibilities

for the education of these students in environments such as secondary schools,

CAATs, and universities.

I+ must be borne in mind, however, that the students themselves are
decision-makers and as such require considerable information wherever they
are faced with a choice. Perhaps the two mcst important choices faced by
students in their educational histcries are the selection of a postsecondary
school institution and specialty, subject, or course, and the selection of
an occupation or profession on completion of formal education. In order to
make rational choices, then, students must have access to a good deal of
information related to admissions policies, difficulty of courses (as
demonstrated by previous student progressions), prospects of empioyment for
graduates, salaries, etc.

These areas of information also coincide with the requirements of
administrators of postsecondary education and provincial economic and
industrial decision-makers. Thus, it would appear +That a valuable area for
the application of empirical transition matrices would be the education-
emp loyment system.

The defined system states would depend upon which decisions were
involved--those of students, administrators, or economists. All such
systems could be constructed, however, from an individualized student

information system as advocated in the previous section. For students'

08
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use, for example, the states could be suitably detined: the year and course

within the Institution(s); the labor force, subdivided by industry of

employment, highest formal educational qualification required, or initial

salary levels; and the inactive (unemployed) labor force. Economists, on

the other hand, would probably prefer to partition the iabor-force destination

states by occupational skills and industrial and professional sectors.
Transition matrices for teachers could also be prepared, given coordination

of annual teacher appointments records. These would show the proportions

of teachers who remain in the profession, who enter it from teachers'

colleges, universities, or immigration, and who leave for retirement or other.

o9
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