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The effectiveness of educational projects' 
has traditionally been evaluated with classical 
statistical theories such as analysis of variance 
and regression. These statistical theories are 
essentially global in that both the estimation of 
their parameters and the testing of the theory 
are done globally (that is, are based on some 
sort of averaging). A global theory describes 
the behavior of the group, but not that of its 
individual members. Of course, under certain 
conditions (for example, if the variance of in­
dividuals in the group is small) a global theory 
does appear to give information about the in­
dividuals, but this interpretation is outside the 
theory. 

A global theory is useful in evaluating edu­
cational projects as long as the individuals 
within the groups are similar in characteristics 
that affect the variables under investigation. If 
the original groups are not similar in these 
respects, smaller groups can be formed by 
conditionalization. However, the investigator 

must know what the relevant characteristics 
might be; the global analysis cannot reveal 
characteristics not suggested by the inves­
tigator. 

In evaluations of traditional group instruc­
tion projects, investigators have achieved in­
tuitively satisfactory results by conditionaliz­
ing on such factors as age, chronological grade 
level, and achievement level. However, con­
ditionalizing on these factors is unlikely to be 
sufficient when highly individualized instruc­
tional projects are evaluated. In these proj­
ects, an individual proceeds through the pro­
gram in a unique manner, and the way in which 
two individuals differ changes with continued 
participation in the program. The treatment is 
different for each individual, and a global 
analysis must conditionalize on factors that 
characterize the different treatments. 

While the factors of individualization may 
not be intuitively obvious, they can be re­
vealed through micro theories of individual 
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performance. This paper will show how a 
micro theory can be used to reveal the factors 
of individualization that should be controlled 
for in any global evaluation of individualized 
instruction. It will use a micro theory devel­
oped by Suppes, Fletcher, and Zanotti (1976) 
to describe student performance in highly 
individualized computer-assisted-instruction 
(CAl) curriculums. Suppes et al. and others 
have tested the theory with hundreds of CAl 
students throughout the United States and 
have found it to be an accurate representation 
of performance (Malone, Suppes, Mack­
en, Zanotti, & Kanerva, 1979; Poulsen & 
Macken. 1978; Suppes, Macken, & Zanotti, 
1978; Suppes et aI., 1976; Suppes, Fletcher, & 
Zanotti, 1975). 

The paper will also discuss an erroneous 
conclusion reached by CAl evaluators who 
have applied a global analysis without consid­
eration of the individualization factors. The 
discussion begins with a brief description of 
the CAl programs from Computer Curriculum 
Corporation (CCC) because the tests of the 
micro analysis and the incorrect application of 
the global analysis were made with data from 
students using CCC's programs. However, the 
need for micro analyses extends to any inves­
tigation of the effects of individualized in­
struction; the particular instance is only one 
example of what could happen when factors of 
individualization are not considered. 

THE CAl PROGRAM 

The students mentioned in this article used 
one or more of CCC's basic skills CAl cur­
riculums in mathematics, reading, and lan­
guage arts. These curriculums use a strands 
instructional strategy to individualize instruc­
tion. A strand contains a sequence of exer­
cises from the same content area. For exam­
ple, the mathematics curriculum includes 
strands on addition and division, and the 
reading curriculum includes strands on 
vocabulary and word attack. Similar exercises 
within a strand are grouped into equivalence 

classes, which are ordered according to their 
relative difficulty. Grade levels are assigned to 
each equivalence class according to the ap­
pearance of similar exercises in elementary 
textbooks and standard achievement tests. 
During one CAl session, a student receives a 
random mixture of exercises from all the 
strands appropriate for the student's grade 
level. But the difficulty level of exercises in 
each strand is automatically adjusted to the 
student's achievement level in that strand. 
The curriculum programs contain preset per­
formance criteria for each strand; these 
criteria determine whether a student needs 
more practice at the current level of difficulty, 
moves back to an easier level for remedial 
work, or moves ahead to a more difficult lev­
el. The curriculum programs determine a 
weighted average of the student's grade 
placement across all the strands in a course. It 
is this average grade placement for each stu­
dent that is discussed in this article. 

In a typical CAl installation, students come 
from their regular classroom to a CAl lab 
containing several computer terminals. For 
most of the basic skills curriculums, CCC rec­
ommends that students receive 10 minutes of 
CAl instruction per day per curriculum, and in 
most installations students are scheduled to 
receive the recommended amount of CAl 
time. However, even when students are 
scheduled to receive equal amounts of CAl 
time, the amount of time actually received 
varies widely across students. In fact, in most 
installations actual time is distributed uni­
formly across students. This factor, although 
not inherent in individualized instruction pro­
grams, must be considered in any examination 
of the effects of the program on achievement. 

FACTORS OF INDIVIDUALIZATION AS 
REVEALED BY A MICRO THEORY 

Suppes et ale (1976) showed that an indi­
vidual's progress through a curriculum (called 
the learning trajectory) can be described by 
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the family of curves of the form 

y(t) = btk + c. 

Where y(t) is the student's grade placement, t 
is the amount of time spent in the curriculum, 
band c are individually estimated parameters, 
and k is a parameter estimated for a particular 
curriculum. Malone et aI. (1979) showed that 
for CCC' s elementary basic skills curriculums 
good fits are given by k = .5. 

Figure 1 shows some typical individual 
trajectories through CCC' s elementary math­
ematics curriculum. The students whose 
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trajectories are shown are similar in charac­
teristics normally controlled for in global 
analyses: they are students in the same grade 
and school district who are performing at least 
one year below their chronological grade 
level. Yet the trajectories are distinct, and a 
'"mean trajectory" would not represent any 
one of them. The individual trajectories can be 
described by equation (1) only when the 
parameters band c are estimated for the indi­
vidual, not when they are estimated for the 
group. 
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Figure 1. Individual learning trajectories through 
eee's elementary mathematics curriculum. 
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Equation (1) makes clear the dependence of 
grade placement and time for an individual 
student identified by the parameters band c. It 
also exhibits clearly the individualization fac­
tors in CCC' s curriculums that should be con­
sidered in any global analysis. The factors are: 

1. Students can be in different positions 
in the curriculum at any point in time. 

2. Students can proceed through the cur­
riculum with different velocities. 

3. Students can proceed through the cur­
riculum with different accelerations. 

The first factor can be demonstrated statis­
tically by comparing the fit of equation (1) to 
the observed trajectories when band c are 
individually estimated parameters to the fit 
when band c are group parameters. Malone et 
al. (] 979) showed that the fits are much better 
when band c are individual parameters. 

The velocity of progress is given by the first 
derivative of equation 0), which is 

y I = bktCk- I ). (2) 

Since the expression for velocity contains the 
individual parameter b, We know that indi­
viduals move through the program with dis­
tinct velocities. 

Similarly, the acceleration, given by the 
second derivative, also contains the individual 
parameter b: 

y" = bk( k-l)tCk-21 • (3) 

Thus individuals also move with different ac­
celerations. 

It is interesting to note that the relationship 
between velocity and acceleration is not de­
pendent on the individual. From equations (2) 
and (3), 

y" = (k-l)y'lt. (4) 
The acceleration is proportional to the veloc­
ity and inversely proportional to time. The 
relationship depends on the curriculum pa­
rameter k, but not on either of the individual 
parameters. 

Thus, equation (4) is the law governing the 

motion in curriculum k; equation (1) is the 
general solution. that is, the class of trajec­
tories compatible with equation (4). A par­
ticular solution is determined by estimating 
parameters band c. 

The relationship between position and time 
expressed by equations (1) through (4) could 
not have been uncovered by a global theory 
that considered only group performance as a 
function of mean time. The individual differ­
ences would have been confounded, and the 
true form of the individual trajectories could 
not have been distinguished from the infinite 
number of alternate families of trajectories 
that could have resulted in the same mean 
path. In fact, a common assumption in evalu­
ations of CAl is that the relationship between 
time and gain is linear. This is a serious mis­
conception because the curvilinearity of the 
relationship is a manifestation of some im­
portant aspects of individualization. Analyses 
that assume a linear relationship will mask 
some of the effects of individualized instruc­
tion on achievement, and their function as a 
basis for action on the individual and on the 
curriculum will be dissolved. 

AN INCORRECT ApPLICATION 

OF A GLOBAL ANALYSIS 

The description of CCC's CAl program 
stated that in most installations the amount of 
total CAl time received by individuals is dis­
tributed uniformly. Because of the wide varia­
tion of total time, evaluators often attempt to 
examine the relationship between time and 
grade-placement gain by correlating individu­
als' total gain with their final CAl time. 

The micro analysis revealed that the rela­
tion between time and gain is not linear. This 
fact alone means that the upper bound of the 
correlation coefficient cannot be 1. But the 
more serious error of this correlational 
analysis is that it does not conditionalize on 
velocity and acceleration. The micro analysis 
revealed that individuals proceed through the 
curriculum with distinct velocities and accel-
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erations. The amount of gain per unit of time 
is different for different individuals and for 
the same individual across time. Since the 
analysis does not conditionalize on these fac­
tors, the correlation coefficient will be reduced 
stilJ further. 

The fact that individuals receive different 
amounts of CAl time complicates the analysis 
even more. Suppose, for example, that the 
slower learners receive more time than the 
faster learners. Then the correlation coeffi­
cient would be still lower and in all likelihood 
would be negative. The evaluator would draw 
the erroneous conclusion that there is no re­
lationship between CAl time and gain, or even 
that there is a negative relation. 

CONCLUSION 

In surveying the evaluations of CAl and 
other individualized programs, we have seen 
many instances of incorrect conclusions being 
drawn because the global analyses do not con­
sider all the relevant factors. Such evaluations 
can essential1y penalize an individualized pro­
gram for being individualized. We hope that 
this paper will influence evaluators to consider 
the value of micro analyses for individualized 
programs and to exercise caution when ap­
plying classical global analyses. 
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