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ABSTRACT

The decision process required for Individually Prescribed Instruction (IP1), an adaptive
instructional program developed at the University of Pittsburgh, is described. In IPI, short tests
are used to determine the level of proficiency of each student in precisely defined learning
objectives. The output of these tests is used to guide instructional planning for individual
students.

The nature and effect of errors in proficiency decisions are described and a procedure for
reducing the probability of such errors is proposed. The plan calls for a Bayesian procedure
which would incorporate prior information on the instructional program, for example the
distribution of the percentage of items answered correctly by students. Such a procedure would
permit inferences about the true level of functioning of each student.

The final section of the paper proposes two methods forimplementing these procedures in an
ongoing IPI program: one approach calls for the integration of the procedure as a part of a
computer-based instructional management system, whereas the second approach describes
how the procedure can be made tractable in a typical, non-automated [PI classroom.
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INTRODUCTION

The feasibility of instructional programs designed
to adapt to the individual needs of learners has been
adequately demonstrated by educational systems
like Individually Prescribed Instruction (Glaser,
1968) and A Program for Learning in Accordance
with Needs (Flanagan, 1967). Although these
programs accomplish individualization in somewhat
different ways, each includes components which
can be described by the following sequence of
operations:

1. Specification of the learning objectives in terms
of observable student behavior.

2. Assessment of the student's entering compe-
tencies.

3. Assignment or election of educational materials
and/or experiences fitted to the student’s
individual needs.

4. Continuous assessment and monitoring of the
student’s performance and progress.

Since programs like IPland PLAN call foradaptation
of the learning environment to meet individual
requirements, they necessarily rely heavily on the
systematic assessment of student progress. Glaser
(1968) has observed that,in P, test data serve asthe
primary source of information enabling teachers to
make differential decisions regarding student

instruction. Thus, steps (2) and (4) play aprominent
role in the successful implementation of IPl. A
review of current decision-making procedures for
four selected individualized instructional programs
has been given by Hambleton (1973).

The fundamental purpose for testing in in-
dividualized instructional programs like IPl and
PLAN is to ascertain whether or not the student has
attained some prescribed level of proficiency in a
specified learning objective. Hambleton and Novick
(1973) have observed that, “Questions of precise
achievement levels and comparisons among indi-
viduals on these levels seem to be largely irrei-
evant.” Because test data are used initially to place a
student at the appropriate point within an
instructional program or sequence, and thus to
identify appropriate learning materials or ex-
periences given his needs, the test models which
have emerged to serve this function are very dif-
ferent from those used for standard instructional
models. Because these tests relate a student’s per-
formance on items drawn from a carefully specified
domain to a prespecified criterion or standard. these
tests have come to be called domain or criterion-
referenced tests.

It is not the purpose of this paper to contrast the
differences between norm-referenced tests and
criterion-referenced tests. Suffice it to say that
criterion-referenced tests are deliberately con-




Level

A B C D E F G
Numeration/Place Value 15 9 14 5 6 7 6
Addition/Subtraction 17 12 13 10 4 4 6
Multiptication 4 7 9 7 4 3
Division 3 4 7 9 5 6
Fractions 3 6 7 11 8 8
Money 1 1 5 5
Time 6 6 4 4 2
Systems of Measurement 3 6 6 5 5 6
Geometry 3 2 4 6 4 2
Applications 3 8 9 5 4 6

Behavioral Objectives

E Level-Systems of Measurement

. Given aruler, the student measures a line segment with the indicated degree of precision. LIMIT: smallest unit
of precision 1/8 inch; line segments to 10 inches.

. Given 20 cut-out regions that are each 1-inch squares and an itlustration of a rectangular region, the student
uses the 1-inch squares to determine the area of the given rectangular region. LIMIT: areas < 20 square
inches. Length of sides of rectangles must be multiples of 1 inch.

. Given the measures of the sides of a rectangular region, the student determines the area ofthat region. LIMIT:
integral measures; one unit of measure per problem; units of measure—inches, feet, yards, miles.

. Given the measure of the sides of a rectangular region, the student determines the perimeter and the area of
that region. LIMIT: At least one of the measures (length, width) must be integral; both measures must
be < 100; one measure may be acommon fraction < 1with denominator < 10; 1 unitof measure per problem;
units of measure—inches, feet, yards, miles.

. Given a weight measurement, the student completes a statement to show an equivalent measurement in a
different unit of weight measure. Given a word problem that requires conversion of a given weight
measurement expressed in standard units to an equivalent weight expressed in another standard unit, the
student solves the problem and writes the answer with the appropriate label. LIMIT: units—ounces, pounds,

tons.

Fig. 1. Matrix of Units in the IPl Mathematics Curriculum.




proficiency at this point or whether he needs to
complete additional steps in the instructional
process.

The CET typically consists of from four to six
items. Because these short tests serve primarily as
self-checks for the student, and because no crucial
instructional decision is dependent upon student
performance on these tests, they seem to be ade-
quate for the task which they serve.

Unit Posttests

These instruments are equivalent forms of the unit
pretests. They are generally administered after the
student has concluded learning activities for all
skills for which he was identified as being

insufficiently proficient on the unit pretest. On the
basis of the student's performance on the posttest,
he is either advanced to the next unit or reguired to
work with additional instructional materials on those
skills for which his test performance did not indicate
that he achieved a sufficient level of proficiency. A
student generally does not advance to a new unit
until he has demonstrated sufficient proficiency for
all objectives of the current unit.

As with the pretests, decisions resulting from an
analysis of posttest data rely upon tests which gen-
erally contain a small number of items. Because in-
correct proficiency decisions can be detrimental to
the student’s progress, a procedure which could add
substantially to the accuracy of the decision with-
out increasing the length of the test would be most
worthwhile.

THE INSTRUCTIONAL DECISION PROCESS

In this section, the process by which test data are
used to make instructional decisions is briefly
summarized. In addition, a discussion of the nature
and consequences of decision errors resulting from
the analysis of test data is presented.

A Summary of the Decision Process

Gross placement tests which sample a broad
cross section of the important skills in each unit of
the mathematics curriculum are administered upon
each student’s entryintothe IPl program. Score data
resulting from these tests are used to determine a
profile suggesting the student’s level of proficiency
in each content area of the curriculum.

At this point, the student completes a pretest for
the first unit in the curriculum continuum in which
his level of proficiency is insufficient. The profile
resulting from the pretest identifies those skills for
which learning materials and/or experiences are
required if the student is to achieve the specified
level of performance. During the instructional
process, curriculum embedded tests are available to
the student as a means of self-evaluation and an
estimate of progress as he works on the skills. After
he has completed work on all skills in the unitand is
satisfied that he has sufficient competency in all of
the unit skills, he is administered a posttest which
verifies his progress or identifies those skills for
which additional instruction is indicated. Once the
unit is successfully completed, the student ad-
vances to the next unit on his prescription where he
is administered a pretest and the cycle is repeated.

The Nature and Effect of Decision Errors

The placement tests, pretests, and posttests are
used primarily to verify that a student either has
sufficient proficiency, i.e. mastery, in a given set of
skills or that he has an inadequate level of pro-
ficiency inthose skills. Clearly, itis desirable that the
mastery decisions for a student be as accurate as
possible. Theimportance of accuracy of the mastery
decision for a student is perhaps best emphasized
by a discussion of the consequences of an incorrect
decision.

As previously indicated, the IP| tests are con-
structed by sampling items from the domain of items
for the objectives included on the tests. Since any
sampling which does not exhaust the population of
items for an objective can lead to an incorrect
mastery decision and since exhaustive testing is
impossible, it is necessary to tolerate the risk of
making wrong decisions. In an IP| context, a Type |
(o) error occurs when an examinee has sufficient
proficiency in a skill but the outcome of the testing
suggests that he does not. As a resuit, he is
prescribed work lessons which may serve no sig-
nificant function. A Type Il ( 3 ) error occurs when-
ever the examinee, in fact, lacks proficiency in a skill
but on the basis of test results is said to have
sufficient proficiency. The consequence ofa Typelll
error is that needed remedial instruction is not
provided. A Type |l error is perceived to be poten-
tially more serious than a Typel errorsince the Type
tHl error could easily result in the student having
difficulty proceeding through a unit and might




paper. In short, although it is not necessary that
teachers and students understand the details of the
analysis, they must be provided information which
facilitates their instructional decision making. Inthe
following section, procedures for dealing with the
preceding concerns are discussed.

The collection and analysis of data. During the
past several years, considerable investigation has
been underway into the feasibility of using a
computer as an integral part of the IPl program. A
thorough discussion of the most recent devel-
opments is available in a progress report (Block,
Carlson, Fitzhugh, et al., 1973) recently released by
the Learning Research and Development Center at
the University of Pittsburgh. Earlier reports include
Cooley and Glaser (1969), Ferguson (1970b, 1971),
and Ferguson and Hsu (1971). The activities
described in these reports emphasize somewhat
visionary ideas for how the computer can best be
employed in an individualized program of
instruction. Although these studies include the more
conventional modes of computer-assisted
instruction, they extend far beyond into such areas
as computer testing and instructional management.

It is in this latter area, instructional management,
that Bayesian procedures for determining pro-
ficiency decisions would best seem to reside. Work
in this area has been concerned with how the
computer can assist in the planning and subsequent
monitoring of both short- and long-term instruction
for individual students. Thus, it would seem
appropriate to incorporate a decision-making pro-
cedure concerned with individual proficiency level
in some skill, or set of skills, as an element of the
instructional management component of the IPI
program. Specifically, the computer might be used
to receive test data on-a student and combine this
with previously acquired information on other
students in this IPI program, analyze the data using
Bayesian analysis techniques, and then print out a
report indicating the confidence which one could
place in deciding that the student is proficient in a
given skill at some prespecified level of
performance. Amore detailed discussion of how this
procedure mightwork is now provided in the context
of IPl posttests. Procedures similar to those
described below would apply for placement tests
and pretests as well.

Development and use of a posttest profile. The
primary purpose for administering a placementtest,
a pretest, or a posttest is to acquire data which can
be used to evaluate a student’s instructional needs.
When a student is administered a posttest, he is
presumed to have had instruction in those skills for
which he lacked sufficient proficiency at the time he

was administered the unit pretest. The posttest
either affirms the student’s success in acquiring the
skills or calls attention to those skills in which
additional work is required before he can proceed to
the next unit. Thus, the only information which the
teacher and student need is a simple statement
regarding the level of proficiency at which the
student has performed on each skill in the unit.
Figure 2 shows an IPI posttest profile based on a test
consisting of five, eight-item subtests, each
measuring proficiency level on a particular skill.

Level E-Multiplication/Division

Skill Percent Correct

87.5
87.5
75.0
100.0
67.5

AN =

Fig. 2. Sample of Posttest Profile Currently in Use
in IPI.

Presently, the posttest profile names each skill in
the unit and lists the percentage of items which the
student answered correctly. Given the sample
profile in Figure 2 and a criterion (cutoff) score of
85%, itis likely thatthe studentwould be calted upon
to undertake additional work in the 3rd and 5th skills
of the unit.

Under the proposed change, rather than
evaluating student proficiency solely on the posttest
results, additional data would be incorporated
within the decision analysis process, and
furthermore, the quantity reported would be an
index relating the student’s estimated proficiency to
a stipulated standard. However, it should be
emphasized that although the nature of the data
reported in the student profile would change, the
procedures employed by the teacher and/or student
to judge proficiency would remain the same.
Specifically, the posttest profile, which presently
contains a statement of the percentage of items
correctly answered for each skill, would be altered to
report the probability that the student has achieved
some prespecified level of proficiency in each
objective. As far as the teacher or student is
concerned, the proficiency decision process is
exactly the same—judgments are based on the




The indices reported in the tables would have
been generated at some earlier time andwould have
included consideration of relevant prior data
regarding student success on the skills containedin
the unit. The tables would be updated on a regular

basis as increased numbers of students proceeded
through the system, thus making more prior
information available. Such an updating might
occur once or twice a year.

SUMMARY

Individualized learning programs like Pl generate
substantial amounts of data related to student
success on skills in the system. Given these data, it
seems reasonable to suggest that they should be
used to improve the quality of instructional decision
making. In particular, prior data should be combined
with sample test data to form a more complete
information base on which to evaluate student
proficiency. By using such datajointly, instructional
decisions regarding a student’s needs as they relate
to a given skill or set of skills will be deserving of
more confidence than present decisions which are
currently based solely on the student’s performance
on a short test.

Two procedures for implementing such a plan
have been proposed. One calls for the marriage of
the Bayesian decision analysis procedures with
computer administered tests; whereas, the other
would rely on the teacher or student to consult a
table to translate student test performance to a
“Proficiency Index” which would incorporate both
the test data and prior data regarding student
success in the system. The ultimate criterion for
success of such a plan is the extent to which it leads
to improvements in the instructional decision
process. To this end, the next step is to implement
the procedures and evaluate their impact on
students within IPI.
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